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INTRODUCTION

1 Scope

1.1 These requirements cover power-operated musical instruments and accessories rated 300 volts or
less, intended for household and commercial use on supply circuits in accordance with the National
Electrical Code, NFPA 70.

1.2 Musical instruments include organs, electronic pianos, music synthesizers, and other such products
that produce music under the direct control of the player.

1.3 These requirements also cover accessories for use with musical instruments, such as rhythm

generators an
the like.

1.4 These reg
processors fo
use by profes

1.5 These requirements do not cover musical instruments that are categorized as electri

toys and are (

1.6 A product
from those co
injury to pers
requirements
by the intent
systems confl
Where consid
with the meth

2 General
2.1 Compong

2.1.1 Except
the requireme

generally used in the preducts covered by this standard.

2.1.2 A comp,

= | P TR + Lo H LE, o PAIS + 4 i 4
M oimaln TUUTPTTTITTIUTIAVITTY ST UTIAairicu tuTTic ytlitTatul o, tUTTC LAVITICLS, T1TU

uirements do not cover commercial audio equipment, such as amplifiers, mix
general use; or special effects units, amplifier-speakers, and the(like, that a
Sional and semiprofessional musicians.

overed by the Standard for Electric Toys, UL 696.

that contains features, characteristics, components, materials, or systems n
ered by the requirements in this standard, and.that involves a risk of fire, elg

hs determined necessary to maintain thesaceeptable level of safety as origing
of this standard. A product whose features, characteristics, components,

ct with specific provisions of this stapndard cannot be judged to comply with
pred appropriate, revision of requirements shall be proposed and adopted ir

nts

hs indicated in‘2.1.2, a component of a product covered by this standard sha
nts for that.component. See Appendix A for a list of standards covering

pnent need not comply with a specific requirement that:

pds employed for developmenty ¥evision, and implementation of this standard.

sic tuners, and

ers, and signal
e intended for

cally operated

pw or different
ctric shock, or

ons shall be evaluated using the appropriate additional component and end-product

lly anticipated
materials, or
this standard.
conformance

Il comply with
) components

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

b) Is superseded by a requirement in this standard.
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2.1.3 A component shall be used in accordance with its recognized rating established for the intended
conditions of use.

2.1.4 Specific components are recognized as being 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
for which they have been recognized.

2.2 Units of measurement

2.2.1 When a value for measurement is followed by a value in other units in parentheses, the first stated
value is the requirement.

2.2.2 All app
unless otherwj

2.3 Undated

2.3.1 Any undlated reference to a code or standard appearing in the requirements of this

be interpreted
3 Glossary

3.1 Forthe p
3.2 FIBER -
3.3 HAZARD
Leakage-Curr

Section 26.

3.4 INSULAT,
basic protectiq

3.5 INSULAT

qualities that i

3.6 INSULAT,
insulation to p

icable alternating-current electrical measurements are in root-mean-squa
se stated.

eferences

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

rpose of this standard the following definitions-apply.
Where the term fiber is used, vulcanized-fiber is meant.

DUS CIRCUITRY — Circuitry involving,a risk of electric shock as described in
bnt and Shock-Current Tests, Sectioh 36, or a risk of fire as described in Rig

n against electric shock:

ON, REINFORCED"— An improved basic insulation with such mechanical ar

ON, SUPPLEMENTARY — An independent insulation provided in addition tg
rotectragainst electric shock in case of electrical breakdown of the basic insu

e (rms) units

standard shall

the
k of Fire,

ON, BASIC — The insulation’necessary for the proper functioning of the progluct and for

d electrical

t, in itself, provides the same degree of protection against electric shock as an insulation
system compijising both bhasic insulation and supplementary insulation.

the basic
lation.

3.7 LOW-VOLTAGE CIRCUIT — A circuit involving a peak open-circuit potential of not more than:

a) The applicable values specified in Table 36.1, where wet contact is not likely to occur or

b) 21

.2 volts peak where wet contact is likely to occur.

3.8 ORDINARY TOOL - A flat-bladed or cross-recessed screwdriver or pliers.

3.9 PRODUCT, COMMERCIAL — A product intended for use in commercial establishments, hotels,

motels, house

s of worship, schools, studios, and businesses.

3.10 PRODUCT, HOUSEHOLD - A product intended for use in the home.
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3.11 PRODUCT, PORTABLE — A product that is intended to be moved or that can easily be moved
from one place to another in normal use.

3.12 PRODUCT, STATIONARY — A product for which there is a dedicated location or that is not easily
moved from one place to another in normal use.

3.13 UNRELIABLE COMPONENT - The following are considered to be unreliable components:
electrolytic capacitors, transistors, diodes, vacuum tubes, and the like.

3.14 USER S

ERVICING — User servicing includes:

a) Battery — Replacement of a battery other than one intended to be soldered in place.

b) Fu

c) Val
place.

d) Us
the ad
withol

e) un
be ac
interlg

f) Ten
readil

e — Replacement of a fuse other than:
1) A fuse intended to be soldered in place.

2) A fuse not readily perceptible to the user. A fuse is not readily percepti
located within a chassis, compartment, or enclosure within\thé overall prod
makes the fuse invisible to the user. If the enclosure has & cover, itis to b
does not need to be opened or removed in normal gperation or user servi
opened or removed only with a tool, and is prevented from being discarde
readily perceptible if it is recognizable during nérmal operation or user ser
visually or by touch; or if the fuse is indicated;.either on the product or on
packed with it.

cuum Tube — Replacement of a vacuum tube other than a tube intended to
er Adjustment — Adjustment ofxa-marked adjustable control or an adjustable

justment can be accomplisheg using an ordinary tool, with the product in op
t defeating an interlock,

complished without)a tool, with the product in operation, and without defeatin
ck.

minals, Jacks, Connectors — Interconnection to terminals, jacks, and connec

equi[:r)rln

preanplifiers.

perceptible to the user and are intended for connection of other accessorie
ent, such as microphones, speakers, tone cabinets, tape recorders, amplifi

ble if it is
uct that

e one that
Ling, can be
0. A fuse is
icing, either
iterature

be soldered in

component if
eration, and

marked Adjustment s~ Adjustment of an unmarked adjustable control if the agljustment can

g an

ors that are
5 and
prs, and

1) A terminal, jack, or connector is readily perceptible if recognizable during normal
operation or user servicing, either visually or by touch; or if it is indicated on the product

or on literature packed with it.

2) A terminal, jack, or connector is not readily perceptible if located within

a chassis,

compartment, or enclosure within the overall product so that it is not visible to the user.

If the enclosure has a cover, it is to be one that does not need to be open

ed or

removed in normal operation or user servicing, can be opened or removed only with a

tool, and is prevented from being discarded.
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g) Piano Strings — Tuning of piano strings, but not replacement of piano strings or other
servicing operations intended to be performed by a qualified piano service technician.

h) Lamp — Replacement of an incandescent lamp, whether it be a single lamp or one of a
series or parallel string, intended for connection directly across the supply circuit — nominal 120
or 220 volts — or a fluorescent lamp, for example, a low-pressure mercury electric-discharge
lamp with a fluorescing coating.

Exception No. 1: A lamp that is intended to be soldered in place and is soldered in place in the
product.

Exception No. 2: A neon lamp, for example an electric-discharge lamp with neon as the filling gas.

Exceqi
CONSTRUCT]
4 General
4.1 The cons

a) Nd
perso

b) M4
limits;

c) Th

4.2 The mats
involving a rig
indicated otheg

4.3 A product
the abuses to|
persons due t
parts, or othe

tion No. 3: Low-voltage — less than 30 volts — vacuum-fluorescent display d4
ION
ruction of a product shall be such that:

rmal use and user servicing does not result in a risk'of fire, electric shock, o
is;

terials and components are used within their electrical, mechanical, and tem
and

e assembly protects components andwiring from being displaced or damage

rials and components referred'fo in 4.1 and elsewhere in the requireme
k of fire, electric shock, ofninjury to persons and are so considered unle
rwise.

shall be formed and~assembled so that it has the strength and rigidity nece
which it might be subjected, without increasing the risk of fire, electric sho
b total or partial_collapse with resulting reduction of spacings, loosening or d
serious defects.

byvice.

[ injury to

perature

d.

nts are those
ss specifically

ssary to resist
Lk, or injury to
splacement of
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5 Enclosure

5.1 A product shall be provided with an enclosure that houses all vacuum tubes, motor-driven parts, and
live parts, other than cords and cables, that involve a risk of fire, electric shock, or injury to persons. The

enclosure shall be constructed so that it will protect the various parts of the product against mechanical
damage.

5.2 The bottom shall be complete so as to protect all electrical parts. In judging the bottom of a portable

product, consideration shall be given to the possibility of the product being placed on objects that may
damage wiring or other electrical components.

5.3 The thickness of a sheet-metal enclosure shall not be less than the applicable value specified in Table
5.1.

Exception: The thickness may be less than that specified in Table 5.1 if investigated and faund to provide
equivalent strength.

Table 5.1
Thickness of sheet metal

Maximum difensions of Minimum thickness
enclgsure
Steel Copper, brass, or
alumihum

Without supporting frame ith supporting frame or Without With
equivalent reinforcing supporting supporting

frame, frame or
Length or Area, Zinc coated, | Uncoated, vinc coated,  [Uncoated, equivalent
width, reinforcing,
inches (M) in 2 (m?) | inch  (mm) |inch (mm) finch (mm) ihch (mm) inch (mm) ingh (mm)
12 0.30 90 0.06 | 0.036 | 0.91 | 0,032} 0.81 |0.025%| 0.64 |0.0212| 0.53 | 0.045| 1.14 [ 0.029 | 0.74
18 0.46 135 0.09 | 0.046 | 1.17 }0.043| 1.09 | 0.036| 0.91 | 0.032| 0.81 | 0.058 | 1.47 |0.045| 1.14
24 0.61 360 0.23 | 0.057 | 1.45 [;0.054 | 1.37 | 0.046 | 1.17 | 0.043| 1.09 [ 0.075| 1.91 | 0.058 | 1.47
48 1.22 | 1200 0.77 |0.071],1.80 |[0.067 | 1.70 | 0.057 | 1.45 | 0.054| 1.37 | 0.095| 2.41 [0.075| 1.91
60 1.52 | 1500 0.97 | 0.098-2:49 [ 0.095| 2.41 | 0.057 | 1.45 | 0.054| 1.37 | 0.122 | 3.10 [ 0.075| 1.91
Over 60 Over 1500 | 0274 3.23 [ 0.124| 3.15 | 0.057 | 1.45 | 0.054 | 1.37 | 0.153| 3.89 [0.075| 1.91

2 Sheet steel fpr an enclosure intended for outdoor use (raintight) shall not be less than 0.036 inch thick if zin¢ coated and
not less than (.032 inch thick if uncoated.

5.4 The thickpess ef-a cast-metal enclosure shall not be less than the applicable value spgcified in Table
5.2.
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Table 5.2
Thickness of cast metal
Minimum thickness
At base of threads, at small, flat At relatively large, unreinforced, flat
unreinforced surfaces and at surfaces surfaces,
that are reinforced by curving, ribbing,
or the like or are otherwise of a shape
or size to provide mechanical
strength,
Metal inch (mm) inch (mm)
Die-cast metal 3/64 1.2 5/64 2.0
Cast mallgabferomor 1716 TO 3132 214
permanent mold cast
aluminum
Other cast metal 3/32 2.4 1/8 3J2
5.5 A wooden enclosure shall not be less than 1/2 inch (12.7 mm) thick at pottions of the enclosure that

serve as a supporting frame for a product that weighs 10 pounds (4.54:kg) or more. F

enclosure thaf

do not serve to support parts or as structural members of the frame shall ng

1/8 inch (3.2 fnm) thick.

Exception: A
equivalent str

5.6 A polyme
in Table 7.1.

6 Mechanical

6.1 A switch,

wooden enclosure may be less than 1/2 inch thick’ if investigated and fol
bngth.

ic enclosure or polymeric part of an enclosureé shall comply with the applicable

Assembly

lampholder, attachment plug, or’similar component shall be mounted securel

prevented from turning.

Exception No.
following cond

a) Th
switch
opera

b) TH

1: The requirementithat a switch be prevented from turning may be waived i
itions are met:

e switch is a\plunger or other type that does not tend to rotate when operate
is considered to be subject to forces that tend to turn the switch during the
fion of the switch.

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

ortions of the
t be less than

nd to provide

requirements

y and shall be

f all four of the

d. A toggle
normal

will loosen it.

c) Spacings are not reduced below the minimum acceptable values if the switch rotates.

d) Normal 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 where the lamp is sealed in by a nonremovable jewel, need not be prevented from turning
if rotation will not reduce spacings below the minimum acceptable values.
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6.2 The means for preventing the turning mentioned in 6.1 is to consist of more than friction between
surfaces; for example, a lock washer is acceptable as a means for preventing a small stem-mounted
switch or other device that has a single-hole mounting means from turning.

6.3 An uninsulated live part shall be secured to the base or mounting surface so that it will be prevented
from turning or shifting in position if such displacement may result in a reduction of spacings below the
minimum acceptable values. Friction between surfaces is not acceptable as a means to prevent shifting
or turning of a live part; but a properly applied lock washer is acceptable.

7 Materials

7.1 General

7.1.1 Celluloge nitrate or any comparably flammable material shall not be used.
7.1.2 A mateiial shall comply with applicable requirements in Table 7.1.

Exception No|1: The requirements do not apply to the internal insulating systems of compomgents or where
component reguirements exist.

Exception No| 2: An external or internal part located in nonhazardous”circuitry or used iff nonelectrical
applications |and not specifically described in Table 7.1 neéd > not comply with thg flammability
requirements fn Table 7.1; however, the part shall comply with the requirement in 7.1.1.

Exception No| 3: The requirements do not apply to fiber and-similar material that is 0.01 ifch (0.25 mm)
thick or less.

Exception NoJ 4: The requirements do not complydo*small parts as indicated in Table 7.1.

Table 7.1
Material requirements for various applications
Table 7.1 revised March 18, 2010

Afplication Material Minimum Resistance to ignition Dielectric Small parts
flammability m — Tioh strength exception ¢
classification 2 ot wire '9 , [ and volume

current resistivity °
Hnclosure Polymeric v-2d Required Nc_)t Not required Not
required applicable
Dust covell, key, music rack, Not required Yes
. Not Not
pedal, stop, and‘tak’not part of a | Polymeric HB - )
. required required
requ|md enclasure

Table 7.1 Continued on Next Page
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Table 7.1 Continued

Application Material Minimum Resistance to ignition Dielectric Small parts
flammability " — iah strength exception ©
classification 2 ot wire '9 p | and volume
current resistivity °
No —
HB Required Required Required electrical
Polarity Yes —
only on flammability
material® Not Not . and
HaCizraCLc:tc;us V-2 required required Required resistance to
y Polymeric ignition
Opposite Not Required No
polarity Not required
V-1 -
Material in on required
contact material®
with LVLES circuitry HB th th Not required Yes
current- required required
carrying No —
part HBF Required Required Required electrical
connected Polarity Yes —
in only on flammability
material® Not Not . and
Hpzardous Low HF-2 required required Required | osistance to
circuitry dlens|t¥ ignition
Opposite p?g[;ﬁnc Not Required No
polarity HE-1 Not required
on required
material®
LVLESY circuitry HBF Not Not Not required Yes
required required
Foam" HBF Not Not Not required Yes
required required
Speaker or egoratlve grille, not Molded HB th Nc_>t Not required Yes
part of refjuired enclosure required required
Woven See Section 57 See Section 57 Yes
(cloth)
Hazardous circuitry V-1 th Nc_>t Required No
Printed. required required
wiring LVLES? circuitry All HB N(.)t N(.)t Not required No
board required required
Nonhazatdous HB Not Not Not required Yes
circuitry required required
a The flammabilitysclassifications V-0, V-1, V-2, HB, HF-1, HF-2, and HBF are to be determined as described|in the
Standard for Tésts for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94. A materigl classified
using 1/16-inch (1.6-mm) thick bar specimens is acceptable In lesser thicknesses In the end product.
b These columns refer to the following requirements:
1) The part shall have a minimum resistance to hot-wire ignition of 7 seconds, or a minimum resistance to
high-current-arc ignition of 60 arcs, or both, as stated. See 7.1.3 and 7.1.4.
2) The dielectric strength of the part shall be at least 175 volts per mil (7000 V/mm) and the volume resistivity
shall be at least 50 megohm-centimeters. See 7.1.6 and 7.1.7.
¢ In order for the small part exception to apply, the part shall comply with the following:
1) The maximum volume shall not exceed 4000 mm3,
2) The maximum dimension shall not exceed 60 mm, and
3) The part shall be located so it cannot propagate flame from one area to another or act as a bridge
between a possible source of ignition and other ignitable parts.

Table 7.1 Continued on Next Page
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Table 7.1 Continued

Application Material Minimum Resistance to ignition Dielectric Small parts
flammability — - strength exception ©

classification 2 Hot wire High p | and volume

current resistivity °

d A polymeric enclosure material having a flammability classification of HB may be used if the material is not employed to
render live parts involving a risk of electric shock inaccessible.
€ Polarity is defined as the condition of being electrically energized positive or negative with respect to some electrical
reference point. For the purpose of the table:
1) Opposite polarity across material means that the positive or negative and the reference point are both in
contact with the material in question, such as illustrated in parts (A) and (B) in Figure 7.1 where the absolute

2) Pala i i ial and the
reference point is not in contact with the same material, such as part (C) in Figure 7.1 whererthg absolute
Malue of V, is greater than the absolute value of V5.

fInsulating mfterial having a flammability classification of V-2 or HB may be used as direct support ©f live pafts provided
the material cpmplies with the direct-support requirements in the Standard for Polymeric Materials % Use in Ejectrical
Equipment Eyaluations, UL 746C.

9 LVLE signifies low-voltage, limited-energy. See 27.1.2.

h Foam havinp a specific gravity of less than 0.6 is considered to be low-density foam. Matefial having a spegific gravity of
0.6 or greater|is considered to be polymeric and is to be judged accordingly.

i Applies to bdse material only.

Figure 7.1
Polarity on mateial

(A)

(+V) OR (FV) o *
(8)
1 (+Vy) OR (~V4) R R (+Va] OR (-Vy)
. (+V1) 2 ( Vi)
& o] -V
3 (+¥%) 3(-V,)

SA1651
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O
(C)
(@) O
@ ®
(+V,) IOR (=V,) (#V,) OR (—V2)
SA1652

7.1.3 Resistapce to hot-wire ignition, as mentioned-ir» note (b)(1) of Table 7.1, is the number of seconds
needed to ignite a sample that is wrapped with resistance wire that dissipates a specified leyel of electrical

energy. See 1.1.5.

7.1.4 High-ampere arc resistance to ignition, as mentioned in note (b)(1) of Table 7.1, is|expressed as
the number off arc-rupture exposures £ standardized as to electrode type and shape and ejectrical circuit
— that are nedessary to ignite a material when they are applied as a specified rate on the [surface of the

material. See [7.1.5.

7.1.5 With reference to 7.4.3"and 7.1.4, bar samples are to be used for the tests. A matgrial classified

using 1/16-ing

(1.6-mm) thick bar specimens is acceptable in lesser thicknesses in the endl product. The

tests are to bg¢ conducCted in accordance with the requirements in the Standard for Polymefic Materials —
Short Term Property-Evaluations, UL 746A.

7.1.6 A mateHa

/e a dielectric

strength of at least 175 volts per mil (7000 V/mm) as determined after conditioning for 40 hours at 23.0

+1.0°C (73.4 +1.8°F) and 90 +5 percent relative humidity, conducted in accordance with the Standard
Method of Tests for Dielectric Breakdown Voltage and Dielectric Strength of Electrical Insulating Materials
at Commercial Power Frequencies, ASTM D149-1975. These are minimum values usually characteristic
of the majority of materials classed as insulators.
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7.1.7 A material for which the requirement in note (b)(2) of Table 7.1 applies shall have a volume
resistivity of at least 50 megohm-centimeters as measured after conditioning for 40 hours at 23.0 £1.0°C
(73.4 £1.8°F) and 50 %5 percent relative humidity as indicated in Procedure A of the Standard Method of
Tests for Conditioning Plastics and Electrical Insulating Materials for Testing, ASTM D618-1971, and 10
megohm-centimeters after being conditioned for 96 hours at 35.0 +1.0°C (96.8 +1.8°F) and 90 5 percent
relative humidity as indicated in Procedure C, conducted in accordance with the Standard Methods of
Tests for D-C Resistance or Conductance of Insulating Materials, ASTM D257-1976. These are minimum
values usually characteristic of the majority of materials classed as insulators.

7.1.8 A molded part shall have the necessary mechanical strength and rigidity to withstand the stresses
of actual service.

7.2 Guard an vj bal 1 ;UI ;I IOU:Q:;I IH matCI |a: fUI LA~ IdCI ;I IU :IVC pou to ;I |auucoo;blc

7.2.1 A guard or barrier of insulating material employed to render live parts inaccessible shall:
a) Ngt be less than 0.028 inch (0.71 mm) thick.
Exceftion No. 1: Fiber, or the equivalent, that is not less than 0.0183vinch (0.33 mm) thick may be
used to cover a splice within the overall enclosure.
Excefjtion No. 2: A covering of paper that is not less than 0:028 inch (0.71 mm) thick may be used
on an| electrolytic capacitor or similar part.
Exceftion No. 3: A fiber shell of a metal-jacketed pilot lampholder covering all livd parts may be
not less than 0.020 inch (0.51 mm) thick.

b) Cdmply with the requirement in 7.1.2.

8 Protection Against Corrosion

8.1 Aniron o
equivalent me
to persons.

Exception No
enclosure if th
to be apprecia

Exception No

steel part shall be protected against corrosion by enameling, galvanizing, p
ans, if corrosion of the,unprotected part would result in a risk of fire, electric §

1: This requirement does not apply to surfaces of a sheet steel or cast-iron,
e oxidation-efthe iron or steel due to the exposure of the metal to air or moistt
bble — thesthickness of metal and temperature also being factors.

2:.This requirement does not apply to a bearing, laminations, or a minor g

washer, screy

ating, or other
hock, or injury

part within an
ire is not likely

art, such as a

and the like.
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9 Current-Carrying Parts

9.1 A current-carrying part shall be of silver, copper, a copper-base alloy, stainless steel, aluminum, or
other material acceptable for the intended use.

Exception No. 1: Plated steel may be used for secondary-circuit parts, and for some primary-circuit parts,
such as for capacitor terminals where a glass-to-metal seal is necessary and for leads or threaded studs
of semiconductor devices.

Exception No. 2: Blued steel or steel with an equivalent corrosion resistance is acceptable for the
current-carrying arms of a mechanically or magnetically operated leaf switch, but not elsewhere.

L1 L . I 1
TG, CUTITITULTU 1T a vireuit imrvuouivi

9.2 A contact
shall be mads

g a risk of fire

£ Lot Ll + ot
Ul d OULRALL, oL pyaravic vurmicuoiur, aru e

of nonferrous spring metal acceptable for the intended use.
10 Accessibilfty of Live Parts
10.1 General

10.1.1 Alive
not be accesg

bart, including an audio output or speaker terminal, that invelves a risk of elecfric shock shall
ible to the extent that it can be touched during normal op€ration or user seryicing.
10.1.2 The agcessibility of a live part is to be determined in acéerdance with Table 10.1.

Table 10.1
Recessing of liveiparts

Maximum width of slots — inches Diameter of roudd holes — inches Minimum distance betweg¢n opening
(mm) (mm) and live part |2

Less than 1 (25.4) Less than 1425.4) ProbeP
1 but fot*'more than 2 (50.8) 5D

1 (25.4) but npt more than 2 (50.8) More than 2 (50.8) but not more than 3 6D
(76.2)

More than 2 (p0.8) but not more thans3 7D

(76.2)

a D is the dianeter of the largest sphere that can pass through the opening.

b See 10.1.3.

10.1.3 An op¢ningethat will not permit the entrance of a 1-inch (25.4-mm) diameter rod is| acceptable, if

the probe illus

trated in Figure 10.1 cannot be made to touch any uninsulated live part or fil

m-coated wire

when inserte

inta the nppning The Ihrnhp may he articulated inta any rnnfiguratinn and

hay be rotated

or angled to any position before, during, or after insertion into the opening, and the penetration may be to
any depth allowed by the opening size, including minimal depth combined with maximum articulation. No
force is to be applied to the probe.
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Figure 10.1
Probe for determining accessibility of live parts
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10.1.4 A friction-fit knob, snap cover, or similar loose part may be removed or opened when evaluating
accessibility.

10.2 Adjustment opening

10.2.1 A part beyond an opening that may be used in making an adjustment considered to be a function
of user servicing is not considered to be accessible if a 1/8-inch (3.2-mm) diameter straight rod is
prevented from touching the part when the rod is inserted through the opening and moved to all positions
possible without producing an angle of more than 30 degrees between the rod and a line drawn between
the center of the opening and the center of the face of the adjusting mechanism. As illustrated in Figure
10.2, the length of the rod inside the opening is not to exceed the distance between the opening and the
face of the adjusting mechanism by more than 3 inches (76.2 mm).

Figure 10.2
Accessibility of live part through adjustment opening

[fe—— D0 ——= .

s \
ad N\

OPENING _ -~ ABJUSTMENT
/
\
\
3o° ‘

—_——— —

D+ 3INCHES ]
TN (D+76mm) /

~
~ g /
_\ RN /R LUVE
ENCLOSURE ~
<

ECT20

10.3 Screens, barriers, and other openings

10.3.1 Each protective screen or barrier, opening larger than covered by Table 10.1, irregular opening, or
opening in flexible material is to be given consideration with respect to the intent of the requirements.
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10.4 Control shaft

10.4.1 A control shaft that involves a possible source of electrical shock shall be rendered inaccessible
by means of an interlocked compartment or by means of an insulating knob that is not removable from

the exterior of

the enclosure.

10.4.2 A setscrew, sealing compound, or a device that depends upon friction to prevent removal of a
knob from the exterior of the enclosure is not an acceptable means of rendering a control shaft

inaccessible.

10.5 Captive

part

10.5.1 A part
a) Th
b) Th
c) Th
d) Th
shall be made
11 Exposure

11.1 A produ
shall withstan

Exception: T]|

11.2 A produ
cord-connectsg

a) lti

b) It ¢

of-the—produet:

at is subject to removal during user servicing,

pt is not essential for the functioning of the product,

At is not exposed to view during normal use, and

e omission of which may result in a risk of electric shack
captive or otherwise arranged to prevent it from feing omitted.
fo Rain or Moisture

Ct that may be subjected to casual or incidental exposure to rain or moistur
| the wetting test described in the Exposure to Rain Test, Section 57.

his requirement does not apply:to a product marked in accordance with 64.1

d and at least one of the-following applies:
5 provided with a’handle, wheels, rollers, or the like, so as to make it portabl

an be operatéd from a battery.

e out-of-doors

2.1,

Ct is considered to be subjecCt to casual or incidental exposure to rain or moisture if it is

©
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12 Supply Connections

12.1 General

12.1.1 A product shall be provided with a length of flexible cord and an attachment plug for connection to
the supply circuit.

12.2 Power-s

upply cord

12.2.1 The ampacity of the cord shall not be less than the sum of the marked rating of the product and
the marked rating of all conventional parallel-slot receptacles used to supply power to another product or

accessory.

12.2.2 A pow
be used if its
appliance wiri
SPT-2 cord m

er-supply cord shall be one of the types specified in Table 12.1. A cord of,ang
properties are such that it will be equally serviceable for the applicatién, Fg
g material construction that has been determined to be equivalent te' Non
ay be used in applications where Non-Integral Type SPT-2 cord iS-specified.

Table 12.1
Cords for products

ther type may
r example, an
Hintegral Type

Products Type of cord Maximum length,
feet (np)
Commercial SJ, SJT, SJE 25 .62
Household Non-Integral SPT-2, SV, 10 .05
SVT, SVE,
SJ, SJT, SJE 25 7.62
12.2.3 20 AWG conductors may be employed in<appliance wiring material constructions ag referenced in

12.2.2 providg
a) Th
b) Th
c) Ov

SO as

12.2.4 The le

d that:
e appliance is rated 2.0 Aor less,
e appliance does not\employ a convenience receptacle, and

ercurrent protection rated 2.0 A or less is provided in the attachment plug ar
to interrupt«the ‘ungrounded side of the supply circuit.

12.2.3 revised March 18, 2010

ngth, of the cord shall not be more than the value specified in Table 12.1 ang

5 feet (1.52 m

).

d connected

not less than

Exception: A product intended for use in a location where a power receptacle will be available adjacent
to the product may be provided with cord that is less than 5 feet long.

12.2.5 The length of a power-supply cord is to be measured from the face of the attachment plug to the
point where the cord emerges from the product.
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12.3 Cord-connector body

12.3.1 A cord-connector body employed as part of a separable cord set shall be constructed so that the
cord-connector body cannot readily be used to defeat the conventional interlock device.

12.3.2 The conventional interlock device referred to in 12.3.1 has nominal 3/32-inch diameter pins,
spaced 5/16 inch (7.9 mm) apart, measured between pin centers.

12.4 Cord strain relief

12.4.1 The power-supply cord shall be attached to the product so that a mechanical stress on the cord
leaving the overall enclosure cannot:

a) Be
b) Se
c) D4

To determine
Section 51.

12.4.2 If akn
from projectio

12.5 Cord pu

12.5.1 A pow
pushed inside

a) Th
which

b) Th
insulal

c) Th
on int

d) Th
Servic

transmitted to terminals, splices, or interior wiring;

parate an interlock connector from the part of the product to which_it is/attac
Image an interlock such that it does not perform its intended funetion.
compliance with the foregoing, the product is to be subjected to the Stra
Dt in a power-supply cord serves as strain relief, any Surface the knot contact
ns, sharp edges, burrs, fins, and the like, that calise abrasion of the insulatio
5h-back relief

br-supply cord shall be provided with@,means that prevents the cord from bei
the enclosure if, when pushed inside, any of the following will occur:

E insulation on the cord is subjected to temperatures or voltages that exceed
it is rated,

e cord can come in_contact with a sharp edge or moving part that could dani
tion,

b cord displaces a part resulting in reduction of spacings in hazardous circui
brnal conpections, or

e cordrremains inside the product enclosure and cannot be retrieved if there

hed; or

n-Relief Test,

s shall be free
n on the cord.

g deliberately

those for

age

ry or stress

are no user

pable parts.

Exception:

provided.

This consideration does not apply if a separate cord-storage compartment is
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12.6 Bushings

12.6.1 An opening in a wall, barrier, or overall enclosure through which a supply cord passes shall be
provided with a bushing or the equivalent that is substantial, reliably secured in place, and that has a
smooth, rounded surface against which the cord may bear. If a cord other than Type S, SO, ST, STO, SJ,
SJO, SJT, SV, or SVT is employed and the wall or barrier is of metal, an insulating bushing shall be

provided.

Exception:
of fins, burrs,

and the like, is considered equivalent to a bushing.

If the exit for the cord is in wood, wood composition, or an insulating material, a surface free

12.6.2 Ceramic, porcelain, phenolic, and some molded compositions are acceptable for insulating

2010

rubber.

bushings. Ex

12.6.3 A soft
inch (1.2 mm

or other substance having a harmful effect on rubber. If a soft rubber bushing_iS~employed

metal motor fr
likely to cut in

+ H=W=H ol i 1 oo | ball + Lo wa-aal £ Al
MU Ao TTiuvitattu 1t L. U.J, d oLPArattc vuorinty ofalr 1ot vt Thautc Ut vwWwuUuUu Ul

rfubber bushing may be employed in the frame of a motor if the bushing (Synot
thick and if the bushing is located so that it will not be exposed to.oily greal

ame, the hole shall be free from sharp edges, burrs, projections,vand the like
o the rubber.

less than 3/64
se, oily vapor,
in a hole in a
that would be

12.6.4 Fiber may be employed if the finished bushing is not less than’3/64 inch (1.2 mmp) thick and is

formed and s
less than 0.02

12.6.5 A busl
built-up sectio
enclosure.

12.6.6 An ins
material used
grommet and

12.7 Cord roy
12.7.1 A sepse

arisk of fire o
at a point of fl

cured in place so that it will not be adversely affectedby ordinary moisture.
8 inch (0.71 mm) thick may be used under the same conditions.

ing of the same material as, and molded integrally with, the supply cord is ag
N is not less than 1/16 inch (1.6 mm) thickct-the point at which the cord pass

ulated metal grommet may be used in place of an insulating bushing if
is not less than 1/32 inch (0.8 mm) thick and completely fills the spacs
the metal in which the grommet is mounted.

ting
irate flexible cord oy*wire that is not connected in the supply circuit or that dg

electric shock'shall not be routed through a bushing or opening with the pow|
exure.

Bheet fiber not

ceptable if the
es through the

the insulating

between the

es not involve
er-supply cord
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12.8 Attachment plug
12.8.1 The supply cord of a product shall terminate in a polarized 2-wire parallel-blade or 3-wire
grounding type attachment plug. The attachment plug shall have an American Standard configuration of
pins and American Standard ratings. It shall be of a type acceptable for use:

a) With a current not less than the rated current of the product and

b) At a voltage equal to the rated voltage of the product.

If the product can be adapted for use on two or more different supply voltages by means of an input
voltage selector, the attachment plug provided with the product shall be acceptable for one of the voltages

for which the

<l v Hat Aot I tacl
JTUUULL TO TTIICTITUT U TU VT LUTITIc Uit u.

Exception No
Electrical Cod
standards of
when the prod

Exception No
Standard for (

12.8.2 If a pg
an automatic
interlock, and
supply circuit
13 Grounding
13.1 General

13.1.1 A pow
150 volts to g

13.1.2 Ifame
comply with th

Exception: A
comply with th

1: If the product is intended to be connected to a supply circuit not defined

e, ANSI/NFPA 70, the configuration of the attachment plug is to conform to
he country into which the product is intended to be shipped. This-€xceptio
Juct is set for use on the foreign supply circuit when leaving the \factory.

2: Direct plug-in transformer units shall comply with thépolarization requi
Class 2 Power Units, UL 1310.

larized attachment plug is used, a fuseholder, anovercurrent-protective dey
control without a marked off position, the centetcontact of an Edison-base |
a manual on-off switch with a marked off position shall not be connected to
pf the attachment plug.

br-supply cord of a produetifitended for use on a circuit operating at a potentia
ound shall include an .eguipment-grounding conductor.

ans for grounding is*provided on a product, whether or not such a means is r¢g
e requirements_in 13.1.3 — 13.2.1.

2-wire product with a performance ground, such as a chassis ground term
e requirements in 13.1.6 — 13.2.1.

n the National
the applicable
n applies only

ements in the

ice other than
hmpholder, an
the grounded

|l of more than

quired, it shall

inal, need not

13.1.3 An eqyipment-grounding conductor of a flexible cord shall be:

a) Finished to show a green color or green with one or more yellow stripes;

b) Connected to the grounding member of an attachment plug having a fixed grounding
contact; and

c) Connected to the frame or enclosure of the product by a screw or other means not likely to
be removed during servicing that does not involve the power-supply cord. Solder alone shall not
be used for securing a grounding conductor.
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13.1.4 The screw mentioned in 13.1.3(c) shall be of corrosion-resistant metal, or shall be protected
against corrosion in a manner that will not inhibit electrical conductivity between the screw and any other
conductor. A lock washer shall be employed to prevent the screw from becoming loosened by vibration.

13.1.5 If two or more products are intended to be electrically or mechanically interconnected and one of
them is grounded, each unit of the system that has a separate power-supply cord shall have a grounding
conductor in the power-supply cord. If the products are interconnected electrically and one of them is
grounded, they shall be bonded together; for example, by means of a discrete conductor included in an
interconnecting cable.

13.1.6 If a grounding means is provided on a product, all exposed dead metal parts and all dead metal
parts within the enclosure that are exposed to contact during any user- or service personnel-servicing
operation and b

Ll Lhodta o H Aol
AT TIIATTY U JCLUTTIC TTICTYIZTU offall vt LUTITicu

taoal o+l PAH Py
LU U Uic yrouriuimy micdrio.

13.1.7 With r ot considered

likely to becor

bference to the requirement in 13.1.6, the following dead metal partsCare 1
ne energized:

a) A s$mall metal part such as an adhesive-attached foil marking, a scréw, or a hahdle that is:
1) On the exterior of the enclosure and separated fronizall"electrical comp
grounded metal or

bnents by

2) Electrically isolated from all electrical components.

b) A panel or cover that is isolated from all electrical"components by a barrier of ulcanized
fiber, yarnished cloth, phenolic composition, or.other moisture-resistant insulating naterial not
less than 1/32 inch (0.8 mm) thick and secured-in place.

c) A panel or cover that does not enclose uninsulated live parts and is electrically|isolated from
other Electrical components.

d) Cdres and assembly screws of a relay, a solenoid, and the like.

13.1.8 It may
the like — to
supplementar
to provide sef

13.1.9 Basic
a minimum th

not be practical to.connect certain conductive parts — control shafts, mountin
the grounding_Mmeans. Such parts are not considered likely to becomd

insulation is émployed in addition to the basic insulation provided. Where i
arate basicsinsulation and supplementary insulation, reinforced insulation m3

nsulation/shall have a dielectric voltage-withstand capability of 1000 volts for
ough-air or over-surface spacing of 1/16 inch (1.6 mm).

g screws, and
energized if
is impractical

y be used.

1 minute and

13.1.10 The i

nsulation qualities and the resistance of deterioration with aging of materia

employed as

supplementary insulation shall be not less than that which would be required for the same material
employed as basic insulation. The minimum spacing through supplementary insulation used in circuits
involving 125 volts or less shall be 1/32 inch (0.8 mm) and this insulation shall have a dielectric
voltage-withstand capability of at least 2500 volts for 1 minute. The minimum through-air or over-surface
spacing between conductive parts separated by supplementary insulation shall be 1/16 inch (1.6 mm).
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13.1.11 The insulation qualities and resistance to deterioration with aging of materials employed as
reinforced insulation shall not be less than the total of that which would be required for the combination
of basic and supplementary insulation. The minimum spacing through reinforced insulation used in circuits
involving 125 volts or less shall be 5/64 inch (2.0 mm) and this insulation shall have a dielectric
voltage-withstand capability of at least 3500 volts for 1 minute. The minimum through-air or over-surface
spacing between a live part and an accessible conductive part shall be 1/8 inch (3.2 mm).

13.2 Grounding-type cord-connector body
13.2.1 If a product:

a) Is provided with a power-supply cord or cord set incorporating a separable cord-connector
body pret

b) Hgs conductive parts that are connected to the grounding conductor that tay lye contacted
during the connection or disconnection of the cord-connector body at the-product ¢nd of the
cord,

the constructipn shall be such that the grounding connection is made first and broken last yith respect to
the power-sugply conductors.

13.3 Groundipng adapters

13.3.1 A groynding adapter packaged with a product equipped with a grounding-type supply cord shall
not be attachgd to the attachment plug before reaching the user. Also, see 64.13.1.

13.4 Groundgd-product receptacle
13.4.1 A conyenience receptacle provided on a\product that is intended to be grounded shall be of a
grounding typg. The grounding contact of the‘receptacle shall be electrically connected to |the grounding
means of the product.

14 Supply-Cifcuit-Voltage Selector

14.1 A supply-circuit-voltage selector shall be constructed so that the setting cannot be pnintentionally
changed.

14.2 A supply-circuit-voltage selector on a cord-connected product shall be set at the factoyy to a voltage
value corresppnding-te-the type of attachment plug provided.

14.3 If a produetiis constructed so that the setting of the supply-circuit-voltage selector cgn be changed
by the user, the action of changing the voltage-selector setting shall also change the supply-circuit-voltage
indication.

14.4 The voltage-selector setting mentioned in 14.3 shall be externally visible.

Exception: The voltage-selector setting need not be externally visible if the product is marked in
accordance with 64.11.2.
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15 Capacitors

15.1 The voltage rating of a capacitor shall equal or exceed the maximum steady-state potential to which
the capacitor is subjected during normal operation of the product.

15.2 A capacitor shall employ materials and shall be constructed so that it will not constitute a risk of fire
or injury to persons. A paper capacitor shall be impregnated or otherwise enclosed to exclude moisture.
A paper cover for a capacitor shall not be less than 0.028 inch (0.71 mm) thick if a risk of electric shock
is involved.

15.3 A capacitor employing a liquid dielectric medium more combustible than askarel shall not expel the
dielectric mediu

ments in this

standard, incly

15.4 A capac
metal-enclosu
requirements
UL 1414.

15.5 A capac
applications:

a) Wi
prima
throug
device

b) A
to be

16 Lamphold
16.1 The tern

contact and itg
The lamphold

grounding or & risk of eleetric'shock during use or user servicing is unlikely. Soft rubber sh

for the insulat

tor connected across the supply circuit, or used in primary supply circuits, for
Fe isolation; or between live parts and exposed metal parts shall comply with

used.

line-bypass or
the applicable

n the Standard for Capacitors and Suppressors for Radio- and Television-Type Appliances,

15.4 revised March 18, 2010
tor is considered to be connected across the supply circuitwhen used in any ¢
th the capacitor in a shorted condition and with<the product in a heated cond
y-circuit current of more than 1 ampere passes through the capacitor. The ¢
h the capacitor can be limited to 1 ampere.or less by a fixed impedance or

rated 1 ampere or less; or

Capacitor used for line-bypass in a-product provided with a terminal or conne
grounded.

EI'S

hinals of a lampholder. shall be securely riveted or otherwise secured in pla
mounting shall ke)secured so that it will be held within the shell when the la

f the following

ition, a
urrent
h protective

ctor intended

e. The center

p is removed.
er terminals_and other live parts, including the lamp base, shall be prorzlfcted so that

on of alampholder shell.

Il not be used
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17 Receptacles

17.1 An unused receptacle that involves hazardous energy, such as one provided for the attachment of
an accessory, shall not be of the type employed as a receptacle for a single-prong, shielded-type
phonograph plug, and if of the conventional parallel-slot type shall involve line power only. See 13.4.1.

17.2 If the face of a receptacle is less than 5/8 inch (15.9 mm) wide or less than 7/8 inch (22.2 mm) long,
the face of the receptacle shall project not more than 3/16 inch (4.8 mm) from the part of the mounting
surface that is within a rectangle 5/8 inch wide and 7/8 inch long symmetrically located about the
receptacle contacts; and if the mounting surface is conductive, the face of the receptacle shall project not

less than 3/32 inch (2.4 mm) from that part of the mounting surface.

17.3 The are

[T

would prevent
inches (30.2 1

Exception: R
electrical cont

18 Overload
18.1 General

18.1.1 A prot
the purpose o

18.1.2 A prots
with the requi

18.2 Fuses
18.2.1 A usel
exposed to u

gripped or hel

18.2.2 Aclip

P2 H Al 44 oo 4 1 + 1 I £ £
SUTTUUTTIUITTY AT UurTtuotT U AttavlimteTinpiuy TCLLpLavic ofail Tt Ur ally Y

full insertion of the blades of a circular attachment plug having a face dian
hm).

rojections that prevent the blades of the attachment plug fronmibeing ins
act with the contacts of the receptacle are acceptable.

Protection

pctive device, such as a fuse or a manually resetovercurrent device, shall b
f overload protection.

pctive device or component relied upon to'reduce a risk of fire or electric shod
ements for that component.

-serviceable fuse (see 3:-14) shall be mounted or guarded to prevent live pa
hintentional contact. The“arrangement shall be such that the fuse cannot
0 by any part of the fuseholder while live parts are exposed at any time during

or a cartridge fuse shall be provided with end stops. The clip shall be mounte

prevented from turning.

ojections that
eter of 1-3/16

prted to make

b designed for

k shall comply

rts from being
be positively
replacement.

i securely and
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19 Internal Wiring
19.1 Types of wire

19.1.1 The internal wiring of a product shall be of a type capable of withstanding the temperature, voltage,
and other conditions of service to which the wiring may be subjected; for example, exposure to oil or
grease.

19.1.2 The insulation on thermoplastic insulated wire shall not be less than 0.007 inch (0.18 mm) thick if
the maximum potential involved is not more than 300 volts peak; 1/64 inch (0.4 mm) if the maximum
potential involved is more than 300 but not more than 600 volts peak; and 1/32 inch (0.8 mm) if the

maximum potential involved is more than 600 but not more than 1000 volts peak.

19.1.3 The
primary-windi
shall not be s

Exception: T|

wiring due to
itself, does na

19.2 Sleeving
19.2.1 Sleevi
temperature 3
and wire insul
Exception: T
nonhazardous
or partitioning
19.3 Mechan
19.3.1 The w

19.3.2 Interng
likely to be su

19.3.3 All wir

!

rimary wiring of a power-transformer-operated product, including, the
g leads but not the primary winding, having a power-supply input of more t
maller than 18 AWG (0.82 mm?).

his requirement does not apply if an investigation shows that everloading
a fault in the circuits connected to the secondary of the transformer, or in t
t result in a risk of fire.

19.1.3 revised March 18, 2010
, tape, tubing, and wire insulation
ng, tape, tubing, and wire insulation shall be rated for the voltage invg
ttained under any condition of actual use(Tape shall be flame retardant. Sle
ption shall have a flame-retardant rating of VW-1.
his requirement does not apply to-sleeving, tape, tubing, and wire insulatio
secondary circuit if the wires ‘are reliably segregated — for example, by rou
- from wiring located in hazardous-energy circuits or in low-voltage, limited-¢

cal protection

| wiring shall-be routed and secured so that neither it nor related electrical cq
pbjected tO<Stress or mechanical damage.

ng.that involves a risk of fire or electric shock shall be located and secured 9

with the wiring oy the objects is not likely during a user-servicing operation that involveg

transformer
han 300 watts

pf the primary
e transformer

lved and the
beving, tubing,

n located in a
ing, clamping,
nergy circuits.

ring and connectionhs between parts within a product shall be protected or emclosed.

nnections are

o that contact
removal and

replacement of objects.

19.3.4 Wires within an enclosure, compartment, raceway, or the like, shall be routed or protected so that
no damage to conductor insulation can result from contact with any rough, sharp, or moving part.
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19.3.5 A metal clamp or guide used for routing stationary internal wiring shall be provided with smooth,
rounded edges. Auxiliary nonconducting mechanical protection shall be provided under a clamp where
pressure is exerted on a conductor having thermoplastic insulation less than 1/32 inch (0.8 mm) thick and
no overall braid.

19.3.6 A hole through which insulated wires pass in a sheet-metal wall within the overall enclosure of a
product shall be provided with a smooth, rounded surface upon which the wires may bear, to prevent
abrasion of the insulation.

19.3.7 A hook-up wire involving hazardous circuitry and employing thermoplastic insulation with wall
thickness less than 1/32 inch (0.8 mm) shall be located entirely within a chassis or be protected against
mechanical damage and not subject to flexing during normal operation or handling during user servicing.

19.3.8 Wire s
consideration

maller than 24 AWG (0.21 mm?) shall be protected against mechanical dahia)
the effects of vibration, impact, and handling during user servicing.

19.3.8 revised March 18, 2010

ge, taking into

19.3.9 Low-epergy-circuit wiring — such as an audio-signal lead — that is not‘housed enti
enclosure and that may contact a part involving a risk of fire or electric shockvShall be insul
enclosure. Stich wiring shall be provided with strain and push-back relief that com
requirements |n 12.4.1 and 12.5.1.

rely within the
hted within the
blies with the

19.4 Splices and connections

19.4.1 A spli
soldered conn

te and connection shall be mechanically secure and shall provide electri
ection shall be made mechanically secure’iefore being soldered if breaking ¢

cal contact. A
r loosening of

the connection may result in contact with either dead. mé&tal or other live parts so as to creafe a risk of fire

or electric sho
shall be give
connections.

19.4.2 Withr
lead is:

a) Wi

b) Ing

Ck, or a reduction of spacings below the'minimum required for the application.
n to vibration, temperature, and-the like, when judging the acceptability

pspect to the requirementin™19.4.1, a lead is considered to be mechanically

apped at least threg quarters of the way around a terminal,

erted through'an eyelet or opening of a terminal block or printed wiring boar

soldetlling,

c) Tw

isted with other conductors, or

Consideration
of electrical

secure if the

d prior to

d) Inserted into a U- or V-shaped slot in the terminal prior to soldering.

19.4.3 The insulation on a splice shall be equivalent to that of the wires involved if permanence of spacing
between the splice and other metal parts may not be maintained.
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19.4.4 Threaded pressure cable wire connectors used for splicing internal wiring shall be located within
the overall enclosure so that they will not be subject to handling by the user.

Exception: This requirement does not apply if the connectors are taped to the conductors.
19.5 Wire-wrapped connections

19.5.1 A wire-wrapped connection shall comply with the requirements in 19.5.2 — 19.5.5 and in the
Solderless Wire-Wrap Connections Tests, Section 54.

19.5.2 A wire-wrapped connection is acceptable if it is not subject to movement or flexure on the wires
during conditions of normal operation or user servicing.

19.5.3 Solid gopper wire used for wire-wrapped connections shall be 24, 22, or 20 AWG)[0.21, 0.32, or
0.52 mm?). Other sizes and types of wire may be used if investigated and found to b&\acceptable for the
application.
19.5.3 revised March 18, 2010

19.5.4 A ternjinal shall be of copper or brass and have at least two sharp”edges. A terminal of other
materials may| be used if investigated and found to be acceptable for the application.

19.5.5 A wrap shall have at least 20 points on the corners of thedérminal in contact with the wire with at
least 16 poin{s closely wrapped with no overlapping. Closely “wrapped means that therg are no gaps
between adja¢ent turns greater than one-half the diameter of\thie wire, not including gaps gn the first and
last turns. Sge Table 19.1 for typical number of wraps, A lesser number of wraps may be used if
investigated and found to be equivalent to one of the wraps covered in Table 19.1.

Table 19.1
Typical number of wraps

Number of [sharp corners on the Number of closely wrapped turns Total number of turnls
terminal

4 4 5
2 8 10
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19.6 Aluminum terminations

19.6.1 Aluminum conductors, insulated or uninsulated, used as internal wiring, such as for
interconnection between current carrying parts or as motor windings, shall be terminated at each end by
a method acceptable for the combination of metals involved at the connection point.

19.6.2 With reference to 19.6.1 a wire-binding screw or a pressure wire connector used as a terminating
device shall be a type intended for use with aluminum under the conditions involved — for example,
temperature, heat cycling, and vibration.
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19.7 Quick-connect terminals

19.7.1 A nominal 0.110-, 0.125-, 0.187-, 0.205-, or 0.250-inch wide quick-connect terminal shall comply
with the Standard for Electrical Quick-Connect Terminals, UL 310. Other sizes of quick-connect terminals
shall be investigated with respect to crimp pull-out, engagement-disengagement forces of the connector

and tab, and t

emperature rises; all tests are to be conducted in accordance with UL 310.

20 Remote-Control and Interconnecting Cables

20.1 A cable used as an interconnecting cable or for the connection of a remote control, or the like, shall
be Type SJ, SJT, or SJE flexible cord or other cord that has been determined to be the equivalent.

A

Exception No.
to be handled

Exception No
may be used

a) Th

b) TH

Exception No
wiring materig
or the equiva
stated in Excq
fire.

Exception No
wiring materia
or the equiva
located in a n

1 IN) =i ol . £, taxmal o P fion ot P ot £ i
Lo LAUIC UoTU SUICTY TUT TALTTTIAN IMIiCTCUrNIrIcCiur vCvve T uriito Ur ad o yotuTl

during normal operation may be of a type that is at least as serviceable as ‘th

2: Integral Type SPT-1 flexible-cord or a type that has been determined to
for connection of a remote control, or a similar construction, if:

e remote-control circuit is supplied from a bell-ringing, or Class’2 transforme
e following conditions are met:

1) The potential between the conductors of the.cord, and between any co
earth or other accessible part is not more than 30 volts AC or 60 volts DC|
contact is not likely to occur and 21.2 volts péak where wet contact is like
the current between these points is more-than 0.5 milliampere when teste
accordance with 36.1.2 — 36.1.8, and.

2) The product does not involve-a risk of fire or electric shock when it is s
the short-circuit test described-in 50.1.1.

3: A cord or cable other'than Type SJ, SJT, SJE, Non-Integral Type SPT-2
| construction that has, been determined to be equivalent to Non-Integral Tyd
ent, may be used forthe connection of a remote control, or the like, under
bption No. 2(b) if(the arcing test described in 50.2.1 and 50.2.2 does not req

4: A cordlor cable other than Type SJ, SJT, SJE, Non-Integral Type SPT-2
| construction that has been determined to be equivalent to Non-Integral Tyd
ent,may be used for the connection of a remote control, or the like, if the ¢

and not likely
e supply cord.

be equivalent

or

nductor and
where wet
y to occur if
hin

Lbjected to

an appliance
e SPT-2 cord,
the conditions
ult in a risk of

an appliance
e SPT-2 cord,
brd or cable is

bhhazardous secondary circuit as described in 27.2.1 and 27.2.2.

20.2 A cable used as an interconnecting cable or for connection of a remote control shall have an
ampacity not less than the current rating of the product, accessory, or product section it supplies. If the
cable is permanently attached to the product, it shall be provided with a cord exit, strain relief, and
push-back relief that comply with the requirements in 12.4.1 — 12.6.6.
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20.3 Cord and wire used to interconnect units within the overall enclosure and involving a risk of fire or
electric shock shall be provided with strain-relief means.

Exception: This requirement does not apply to cord or wire that is:
a) Securely fastened to the enclosure walls by means of clamps, staples, or the equivalent; or
b) Located so that it will not be subject to handling during user servicing.

20.4 Interchassis cables and wiring within an overall enclosure shall be arranged and routed by means of

clamps, string ties, or the equivalent, in spaces that afford protection against damage during user
servicing.

21 Integrated|Circuits

21.1 An integrated circuit involving hazardous energy shall be constructed of materials and subjected to
the tests spedified in Table 21.1.

Table 21.1
Requirements for integrated circuits
Table 21.1 revised March 18, 2010

Alternative Type of Minimum flammability classification.  ° External pin Other tests d
construction @ ] arcing test ©
Enclosure Terminal‘support
| Hybrid HB V-1¢ Not required 1land?2
Il Hybrid 5V (or metal) 5V Not required 1
1] Hybrid 5V (or metal) V-1 Required on 1
terminal material
\Y, Hybrid V-2 5V Required on 1
enclosure material
\% Hybrid V-2 V-1 Required on 1
enclosure and
terminal material
\ Nonhybrid V-2 Not applicable Not required 1

a A hybrid constfuction typically cofisists of an aluminum or ceramic substrate printed-wiring board, with chips of discrete
transistors and giodes, and discfete Capacitors attached to the foils. Deposited carbon usually serves as resistive elements.
Terminal pins arg attached tosthe*foils on the substrate and supported in a terminal block. The typical hybrid asgembly usually
has a thermoplaftic enclosure covering the top and three sides, and the fourth side filled with the terminal blockl A nonhybrid or
true integrated grcuit is ‘generally smaller than the hybrid type, is completely encapsulated, and contains only layered elements.
In such a case, fhe enclosure of the integrated circuit, which is generally also the encapsulant, is to have a minjmum
flammability clagsification of V-2.
b See footnote a

¢ Tests are to be conducted in accordance with 50.2.1 and 50.2.2, except arcing is to be across the terminal-support material
rather than across cotton.

d The numbers in this column refer to the following tests, the results of which are to be evaluated by the conditions described in
46.1.8.

1) Short-circuit tests at external IC pins, and unreliable component short-circuit tests at external IC pins.
2) Short-circuit tests at an IC assembly, and unreliable component short-circuit tests inside assembly.
€ Includes printed-wiring board.

.1
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22 Motors, Coil Windings, and Transformers

22.1 A coil winding shall be impregnated or otherwise treated to resist the absorption of moisture.

22.2 With regard to the requirement in 22.1, film-coated wire is not required to be additionally treated to
resist the absorption of moisture, but fiber, cloth, and similar moisture-absorptive materials shall be

provided with impregnation or otherwise treated to resist the absorption of moisture.

22.3 A transformer or a motor transformer that is normally connected across the supply circuit shall
comply with one of the following construction requirements for transformers or motor transformers as

specified in:

a) Th

4

and th
5085-

b) Th

c) Th
Telev

d) Th
and th
5085-

Exception: T

22.4 A motor
of the product

22.5 A brush
of performing
degree neces

a) Ac

b) Liv

P(J.I 1. GCI ICIG: chu;lcmcllto, Y
e Standard for Low Voltage Transformers — Part 2: General Purpose Transf
7.

[l Al £ [l AW T £ B
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e Standard for Class 2 Power Units, UL 1310;

b Standard for Transformers and Motor Transformers for Use,in Audio-, Rad
sion-Type Appliances, UL 1411; or

e Standard for Low Voltage Transformers — Part 1:«General Requirements, |

22.3 revised Noyember 3, 2009

provided as a part of a product shall be of a type that can handle the maximu
without introducing a risk of fire;-electric shock, or injury to persons.

holder assembly shall be-constructed so that when a brush is worn out — no |
its function — the brush;”spring, and other parts of the assembly will be r
sary to reduce the likelihood of:

cessible dead meétal parts becoming energized and

e parts, beCcoming accessible.

YL 5085-1

brmers, UL

o-, and

L 5085-1

e Standard for Low Voltage Transformers — Part3. Class 2 and 3 Transfornmers, UL
B.
his requirement does not apply to switching-transformers.

m normal load

pnger capable
btained to the
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23 Field-Installed Accessories

23.1 For the purpose of these requirements, accessory equipment is defined as equipment that is:

a) Intended to be attached or added to a product by the user and

b) Of such size that it may be marked for identification by a catalog humber or its equivalent.

Accessory equipment is usually dependent upon the basic product for mechanical or electrical support or
input and may or may not, by itself, perform a complete function.

23.2 Accessory equipment shall be constructed so that it can be added to a product without introducing

a risk Of fire, .lc\/tl;b Qh\.}b:’\, Ul ;Iljuly t\.l | SASAIESAS AR

23.3 The ingtallation of accessory equipment shall be restricted to an arrangement
accomplished|mechanically by means of ordinary tools and electrically by means-of & plug

to a receptacl
24 Switches
24.1 Switche

24.1.1 A swit
for the intendd

24.1.2 With r¢
be equal to g

available on the product or as a part of the building wiring.

nd Interlocks

th connected to wiring involving a risk of fire or electric shock shall be of a ty
bd use and shall have an electrical rating not less than that of the load it con

spect to the requirements in 24.1.1, the ampere rating of a supply circuit cont
[ greater than the maximum steady state [root-mean-square (rms)] current

determined ddring the input test. For a power amplifier supply circuit control switch, the

shall be equal
the input test
manufacturer’

24.2 Interlock
24.2.1 An intd
unintentional

or (b):

a) Th

to or greater than the maximum steady state (rms) current it controls as detd
specified in 38.3, at one-eighth-maximum undistorted power output or one
5 rated output power, whichever is greater.

S
rlock provided to reduce a risk of electric shock or injury to persons shall be |

pperation is unlikely and constructed and installed so that it complies with ei

e interlock device shall be such that it cannot be readily defeated without:

that can be
-in connection

pe acceptable
trols.

ol switch shall
it controls as
ampere rating
rmined during
-eighth of the

pcated so that
her 24.2.1 (a)

1) Damaging the product;

2) Making wiring connections or alterations;

3) Using other than ordinary tools; or

4) Using materials other than those readily available. Adhesive tape, string, or

conventional extension cord sets are considered readily available.

b) The product is marked as required by 64.6.1 and during normal operation and user

servic

ing:
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1) The interlock is not likely to be defeated by improper disassembly, for example,
removal of the wrong screws during removal of the cover.

2) The cover in which the interlock is mounted will not be rotated by its own weight
about the interlock axis perpendicular to the cover during any stage of its removal or
replacement, if such rotation gives access to a live part or damages the interlock or the
cover.

3) The act of removal or replacement of the interlocked cover will not subject the user
to unintentional contact with a live part. See 24.2.3.

4) The interlocked cover cannot be readily misapplied to result in a risk of electric

[ 1 ] boas L 4 H o l H <l £+ 1 e +
STTUCGH, UTTTC oo SULTT TTTToApPPITLAtiUTT To UUVIUU S UUTITTY Aalrtu Aaintc T TCpPTiavtrimeTt Of the COVer.
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24.2.2 If two momentary contact switches must be operated to energize the product, the arrangement
shall comply with 24.2.1(a)(4); and the operating means shall be spaced from each other and from live
parts so that if they are operated simultaneously by one individual, contact with a live part will be unlikely.

24.2.3 A part that is recessed more than 2-1/2 inches (63.5 mm) from the edge of the cabinet opening,
normal to the plane of the cover, is excluded when determining that the act of removal or replacement of
a cover subjects the user to unintentional contact with a live part.

24.2.4 If it is necessary to remove a chassis from the cabinet for user servicing, the arrangement of the

interlock asse

25 Spacings

mbly shall not be readily defeatable with the chassis out of the cabinet.

25.1 General

25.1.1 In primary circuits, there shall be a spacing through air or over surface hetween u

parts of oppog
inch (1.6 mm
more than 15(
the constructi
movable part

Exception No.,
such as a sn
requirements

Exception No
a printed-wirir
spacings that
results of the
appropriate.

25.1.2 Secon
Tests, Sectiorn

Exception:
Low-Energy d

25.1.3 The sf
Electrical Mad

ite polarity, and between an uninsulated live part and a dead metalpart of not
for a circuit potential of 150 volts or less, and 3/32 inch (2.4 mm) for a circ
volts. If a part is not rigidly fixed in position by means other thah friction bety
pn shall be such that at least the minimum acceptable«spacing is mainta
n any position.

1: This requirement does not apply to the inherent/spacings of a component
ap switch. The acceptability of the spacings onva component is judged ac
for that component.

2: This requirement does not apply to\the spacings between terminal-lead 3
g board for semiconductors, connectors, and similar miniature components h
provide permanent separation of the'terminal leads. Such spacings are to be
dielectric voltage-withstand tesSts described in 41.2.1 — 41.4.1 and 41.7.]

Hary-circuit spacings shall be judged by the results of the Dielectric Volt
41.

| ow-voltage, limited-energy, and nonhazardous secondary circuits as
ircuits, Section'27, need not comply with this requirement.

acings.in’a motor shall comply with the spacing requirements in the Standa
hines >~ General Requirements, UL 1004-1.

hinsulated live
less than 1/16
Lit potential of
een surfaces,
ined with the

pof the product,
cording to the

older pads on
aving inherent
Jjudged by the

- 4181, as

hge-Withstand

described in

d for Rotating

25.1.3 revised October 3, 2013
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25.2 Barriers and liners

25.2.1 A barrier or liner of fiber or similar material, employed where spacings would otherwise be
unacceptable between uninsulated live parts of opposite polarity involving a potential source of fire or
electric shock or between such parts and exposed dead metal parts, shall not be less than 0.028 inch
(0.71 mm) thick and shall comply with the requirements in 7.1.2.

Exception No. 1: Insulation built into a component need not comply with this requirement.

Exception No. 2: If the barrier or liner is used in conjunction with an air spacing not less than one-half the
required spacing through air, the thickness may be not less than 0.013 inch (0.33 mm) provided the barrier

or liner is:

a) Md
b) Heg

c) Lo

26 Risk of Firfe

26.1 A risk of
normal cond
power-supply
device are sh

Exception: A

a) Th
voltag

b) Th
voltag

c) M4
malfu

d) A

27.1.4.

chanically strong if exposed or otherwise likely to be subjected to mechahic
Id in place, and

Cated so that it will not be adversely affected by the operation ofthe product

fire is considered to exist at any component connetted to a source of pows
tions or when all exposed parts and all usef/connections are groung
rectifier and any two elements of one other vagtium tube, transistor, or sim
brt circuited.

risk of fire is not considered to exist if ornte or more of the following conditior

ere Is additional series impedance-of not less than 10,000 ohms in a circuit
e is 125 volts or less.

ere is additional series impedance of not less than 20,000 ohms in a circuit
e is more than 125 volts-but not more than 250 volts.

terial, such as cotton, is not ignited under any service conditions of breakdo
hction of the partitself. The arcing test for cables is described in 50.2.1 and

Componentis connected in a low-voltage, limited-energy circuit as described

e) A

h/ damage,

in service.

r either under
ed while the
ilar solid-state

S exist:

where the
Where the
vn or
60.2.2.

in27.1.2 and

0 27.2.2.

Component is connected in a nonhazardous circuit as described in 27.2.1 an
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27 Low-Energy Circuits
27.1 Low-voltage, limited-energy circuits

27.1.1 Spacings in a low-voltage, limited-energy circuit are not specified, other than as may be required
to prevent contact with an uninsulated live part of another circuit.

27.1.2 A low-voltage, limited-energy circuit is a circuit that is supplied from an isolated secondary winding
of a transformer and that complies with the applicable values specified in Table 27.1. Power limitations of
a low-voltage, limited-energy circuit may be obtained by the use of any of the following configurations:

a) An inherently-limited transformer;

b) A non-inherently-limited transformer coupled with an overcurrent protective ,devjce in the
outpuf circuit;

c) A ¢ombination transformer and fixed impedance; or

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

Table 27.1
Low-voltage, limited-energy circuits
Inherently lirpited transformer (overcurrent protection not Not-inherently-limited transformer (overcurrent
required) protection required)
Circuit voltage (yolts)? 0 - 20 volts Over 20 Over 30 0 — 15 volts Over 15 Over 20 Over 30
AC or DCP | volts but not | volts butinot | AC or DC? | volts but not | volts but ndt | volts but not
more than maoré’than more than more tha more than
30 volts AC | 60-yolts DCP 20 volts AC | 30 volts A€ | 60 volts DCP
or DCP or DCP or DCP
Power limitation|(volt- - - - 350 250 250 250
amperes)P
Current limitatio 8 8 150/va 1000/Vv2 1000/Vv@ 1000/v@ 1000/Vv@
(amperes)d
Maximum overcyirrent - - - 5 5 100/va 100/va
protection (ampgres)

NOTE — In all cdses the appliediprimary voltage shall be as indicated in Table 33.1.

a8 Maximum output voltage, régardless of load, with applied voltage as specified in Table 33.1.

b The waveform|shall corliply With the requirements in Table 36.1.

¢ Maximum volt-pmpere output regardless of load, and overcurrent protection (if provided) bypassed.
d Maximum outgut aftef 1 minute of operation under any noncapacitive load, including short circuit, and with ovgrcurrent
protection (if provded)-bypassed-

27.1.3 The secondary winding of the transformer and the fixed series impedance or regulator specified in
27.1.2 (b) and (c) are to be evaluated as part of the hazardous energy circuit.

27.1.4 The overcurrent-protective device mentioned in 27.1.2 shall:
a) Not be of an automatically-reset type and

b) Be trip-free from the reclosing mechanism if of the manually-reset type.
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27.2 Nonhazardous secondary circuits

27.2.1 A nonhazardous secondary circuit is considered to exist if the source of power to the circuit is not

capable of:

a) Producing an open-circuit voltage exceeding:

1) 30 volts AC or 60 volts DC where wet contact is not likely to occur and

2) 21.1 volts peak where wet contact is likely to occur (see 11.2); and

b) Delivering a power of more than 15 watts into an external resistor connected singly between

each

27.2.2 An ov6
or less in ordq

27.2.3 A prinfed-wiring board shall comply with the applicable requirements in"Table 7.1,

segregated or|
circuits shall 4

27.2.4 There
nonhazardoug
part of anothg

PROTECTION
28 Scope

28.1 The req
Moving Parts
applicable to
operation.

28.2 There afe risks of injury to'persons inherent in some products that, if completely elin

defeat the util
while retaining

£+l ot Al + dao tlo 1
PIUICOL PUITTILO Alfu- ally TTturmn tU e JUvWTT SUPYMTY .

brcurrent-protective device may be used to limit the available power in@\circ
r to comply with 27.2.1(b).

routed away from wiring located in hazardous energy circuit$\or'low-voltage,
e rated VW-1.

are no additional specifications for insulating matérial, spacings, and con
secondary circuit other than as may be required to’prevent contact with an u
r circuit.

| AGAINST INJURY TO PERSONS

Llirements in Protection Against\Injury to Persons, General, Section 29; Pq
Section 30; Enclosures and Guards, Section 31; and Sharp Edges, Sd
products covered by this“standard that may involve a risk of injury to pers

ty of the product) The requirements in Sections 29 — 32 are intended to redu
the normal.function of such a product.

Lit to 15 watts

and wiring not
limited-energy

hponents in a
hinsulated live

wer-Operated
pction 32; are
ons in normal

hinated, would
ce such risks,
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29 General

29.1 If operation, maintenance, or reasonably foreseeable misuse of a product by the user involves a risk
of injury to persons, protection shall be provided for the reduction of such risk.

29.2 Among the factors to be considered in evaluating the acceptability of an exposed moving part are:
a) Degree of exposure necessary to perform its intended function,
b) Sharpness of the moving part,

c) Risk of unintentional contact therewith,

d) Speed of the moving part, and

e) Rigk that a part of the body would be endangered or that clothing would be enfangled by the
moving part.

These factord are to be considered with respect to both intended operation of the pfoduct and its
reasonably fofeseeable misuse.

29.3 The accpptability of a guard, a safety release, an interlock<or the like, and whether|or not such a
device is required, are to be determined from a study of/the complete product, |its operating
characteristicq, and the likelihood of a risk of injury to persons resulting from a cause other than gross
negligence. The investigation is to include consideration of the results of breakdown or malfunction of any
one componeft; but not more than one component at a-time, unless one event contributeg to another. If
the study shos that malfunction of a particular component can result in a risk of injury td persons, that
component is|to be investigated for reliability.

29.4 A produft shall be subjected to the tests described in this section and the Strength of Enclosure
Tests, Sectior] 55, to determine compliance-with the requirement in 29.1.

30 Power-Opgrated Moving Parts

30.1 The accessibility of a power-operated moving part, such as a gear or linkage, is to be|judged by the
applicable acgessibility requirements in 10.1.1 — 10.3.1. The accessibility requirements arg to be applied
after the installation or assembly of parts provided by the manufacturer has been completed|in accordance
with the instructions provided by the manufacturer.

Exception: The sequirement does not apply to a tape reel, a tape-drive mechanism or a piano-roll-drive
mechanism that_must be exposed for intended use. However, a gear or linkage is to |be judged for
accessibility if the construction permits that part to move with a tape reel, cartridge, cassette, or piano roll
removed from its operating position.
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31 Enclosures and Guards

31.1 An opening in a guard or enclosure around a part that is capable of causing injury shall have a minor
dimension less than 1 inch (25.4 mm), and shall not permit the probe illustrated in Figure 10.1 to contact

the part when

inserted as described in 10.1.3.

31.2 A guard or portion of an enclosure acting as a guard for parts capable of causing injury shall be:

a) Mounted to the assembly so that such parts cannot be operated with a guard removed,

b) Secured to the assembly using fasteners requiring a tool for removal, or

32 Sharp Edg

32.1 An encld
risk of injury t

Exception: T

function.
PERFORMAN
33 General
33.1 Voltmetg

33.1.1 Unlesq
resistance of

33.1.2 The o
determination
significantly a
impedance of

es

sure, a frame, a guard, a handle, or the like, shall not be sufficiently sharp
D persons in normal maintenance and use.

his requirement does not apply to a part or portion of a part’ needed to perf

CE
rs

otherwise indicated, voltage measurements are to be made with a voltn
P000 ohms per volt minimum fef.potentials of 1000 volts or less.

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

1 megohm is to pé used.

[0 constitute a

Orm a working

eter having a

shock-current
that does not

fect the circuit being measured. In general, a measuring instrument with a inimum input
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33.2 Cheesecloth indicators

33.2.1 The cloth used for tests is to be bleached cheesecloth running 14 — 15 square yards per pound
(26 — 28 m?/kg) and having what is known in the trade as a count of 32 by 28, that is, for any square inch,
32 threads in one direction and 28 threads in the other direction (for any cm?, 13 threads in one direction
and 11 threads in the other direction).

33.2.2 Tests involving cheesecloth are to be conducted in a room free of drafts.

33.3 Supply circuit

33.3.1 All operational tests are to be conducted with the product connected to a supply circuit of rated
frequency ang volage—spee , gs to be tested

at 60 hertz if pO hertz is mcluded in the rating and may also be tested at the second frequency if such
testing is warrfanted.

Table 33.1
Operation test voltages

Marked voltage rating between 2 Test voltage for normal-operation Tests voltage for abnormgl-operation
tests tests
105 - 130 Maximum marked voltage, but not less 130P°
than 120
210 - 260 Maximum marked voltage, butnot less | 110 percent of maximum parked
than 240 voltage, but not less than P40 or more
than 260°

a Primary circlit adjustments, if any, are to be set for the minimuni+voltage that is in the 105 — 120 volt range| or in the 210
— 240 volt range, and the potential of the supply circuit is to be<as prescribed for the applicable voltage range}
b The test volfage may be reduced to a lower value, but neless than 105 volts or 210 volts, as applicable, if[the lower
value will represent a more severe condition or if a highervoltage would cause a protective device to open the circuit.

33.3.2 A product having both alternating-egutrent and direct-current ratings is to be tested wjth the product
connected to an alternating-current supply and again to a direct-current supply.

Exception: Iflit can be established.that one test results in the most severe operating conditions, only that
test need be ¢onducted.
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34 Normal-Operation Tests

34.1 Operation of a product as described in 34.2 shall not increase the risk of fire, electric shock, or injury
to persons.

34.2 A sample of the product in the as-received condition is to be set up or installed and operated in
accordance with the manufacturer’s instructions with respect to the intended use of the product, including
normal maintenance and cleaning, with all accessories supplied by the manufacturer for use with the
product in place. The product is to be manipulated as it would be in actual use, including manipulation of
all controls, and operated under the various loading conditions that can be expected. Operation is to be
for a sufficient length of time or through a sufficient number of cycles that all reasonably foreseeable

complications

are revealed.

35 Connectot
35.1 General

35.1.1 The di
shall not resu

35.1.2 Any h3
a printed-wirin
normal operat]

35.1.3 A barr
fastening a G
investigated
removed unin
be constructe

35.1.4 Inserti
misalignment
user shall not

35.1.5 A disg
investigated W

Exception: T

a) Th

- and Component-Displacement and -Substitution Tests

sconnection and displacement of a part resulting from shipping/er moving
t in a risk of fire, electric shock, or injury to persons.

Indling, disconnection, or displacement either intentional or unintentional, of a
g assembly, a connector, lead, tube shield, cover, orother similar part that ma
on or user servicing shall not result in a risk of fife, électric shock, or injury t
er, mechanical restraint, and the effect of gravity are to be given consideratio
ith respect to its effectiveness. A fastening means is not to be removed
entionally and need not be removedcduring user servicing. A flexible fastenir
| so that it returns to its original pesition and shape after flexing.

g a male connector in a female connector other than the one intended
pf male and female conpéctors, and other manipulations of parts that are ac
result in a risk of fire, electric shock, or injury to persons.

onnecting part, (such as an electrical connector, secured by friction fit
ith respect to risks of fire or electric shock while in its most extreme disconn

e part neéd not be so investigated if it complies with one or more of the fol

e partwithstands a separation force of 1.1 pounds (500 grams) after five ins

withd

Of the product

component of
y occur during
0 persons.

h as means of

onnector, but a fastening means that velies solely on friction between parts is to be

f it cannot be
g means is to

to receive it,
cessible to the

bnly, is to be
pcted position.
owing:

ertions and

awals;

b) Th

e part is soldered together and need not be removed for user servicing;

c) The part is of such dimensions or is permanently routed or secured that no risk of fire,
electric shock, or injury to persons can result if the part becomes disconnected; or

d) A 1/32-inch (0.8-mm) thick aluminum insulating sleeve having at least a 1/16-inch (1.6-mm)
overlap is provided over the connector part.
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35.2 Vacuum-tube substitution

35.2.1 The insertion in any socket of any vacuum tube or its glass or metal equivalent of like designation
used in the product shall not result in a risk of electric shock.

36 Leakage-Current and Shock-Current Tests
36.1 Leakage-current test
36.1.1 Leakage current refers to all currents, including capacitively coupled currents, that may be

conveyed between exposed conductive surfaces of the equipment and ground, or other exposed
conductive surfaces of the equipment.

36.1.2 If the @pen circuit potential between the accessible part and earth ground or any other accessible

part is more than the applicable value specified in Table 36.1, a product shall be tested for lgakage current

in accordance with 36.1.3 — 36.1.9. The leakage current at any accessible part shalllnot b¢ more than:
a) 0.3 milliampere for ungrounded 2-wire portable, stationary, or fixed-equipment;
b) 0.3 milliampere for grounded 3-wire portable equipment; and

c) 0.75 milliampere for grounded 3-wire stationary or fixed“equipment.

Table 36.1
Maximum voltages

Wave form Fundamental frequency, hz Maximum| volts peak 2
Alternating current, direct Polarity reversal Greater than But not greater Wet corntact not likely
current, and cdmbinations than t¢ occur P
of bgth
Where the charjge in Where the instantaneous Any 60

instantaneous Voltage for any | voltage does hotreverse in
duration equal tb 5 percent of | polarity
the period of th¢ fundamental

frequency of th¢ wave form is Where-{Re instantaneous Any 60 voltd peak and 84.4
not more than 40 volts.¢ voltage-does reverse in volts peak-to-peakd
' polarity

Table 36.1 Continued on Next Page
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Table 36.1 Continued

Wave form Fundamental frequency, hz Maximum volts peak 2
Alternating current, direct Polarity reversal Greater than But not greater Wet contact not likely
current, and combinations than to occur P
of both
Where the change in Where the instantaneous 0 3 60
instantaneous voltage for any | voltage does not reverse in
duration equal to 5 percent of | polarity 3 4 55
the period of the fundamental 4 5 50
frequency of the wave form is 5 6 45
greater than 20 volts.© 6 7 40
7 3 35
8 9 30
9 10 25
10 200 24.8
200 300 26
300 400 28
400 500 31
500 600 34
600 700 37
700 800 41
800 900 46
900 1000 51
1000 1400 56
1400 60
Where the instantaneous Values to be determined by an investigation fo determine
voltage does reverse in equivalent protection level
polarity
2 The maximung output voltage regardless of load shall be measured with the input voltage applied per Table 3B.1.
b "wet contact fiot likely to occur” generally refés.to indoor or sheltered locations that are not normally associdted with water
or other liquids.
¢ The change ir] instantaneous voltage atvany 5 percent of the period of the fundamental frequency of the wavq form is to be
determined by taking any 18-degree segiment along with the wave form and determining the change in instantaheous voltage
in that segment]
d For a sinusoidal wave, 84.8 volts peak-to-peak equals 30 volts rms.

36.1.3 All exgosed conductive surfaces are to be tested for leakage currents. The leakageg currents from
these surface$ are<to.be measured to the grounded supply conductor individually as well |as collectively
where simultgnecusly accessible, and from one surface to another where simultaneously|accessible. A
part is considered to be an exposed surface unless guarded by an enclosure consideredito reduce the

risk of electric shock.

36.1.4 Parts are considered to be simultaneously accessible if they can be contacted by one or both
hands of a person at the same time. For the purpose of this measurement, one hand is considered to be
able to simultaneously contact parts that are within a 4 by 8 inch (100 by 200 mm) rectangle; and two
hands of a person are considered to be able to simultaneously contact parts that are not more than 6 feet

(1.8 m) apart.
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36.1.5 If a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using a metal foil with an area of 10 by 20 centimeters in contact with
the surface. If the surface is less than 10 by 20 centimeters, the metal foil is to be the same size as the
surface. The metal foil is not to remain in place long enough to affect the temperature of the equipment.

36.1.6 The measurement circuit for the leakage-current test is to be as illustrated in Figure 36.1. The
measurement instrument is defined in (a) — (c). The meter that is actually used for a measurement need
only indicate the same numerical value for the particular measurement as would the defined instrument;

it need not have all of the attributes of the defined instrument:

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a
of 0.15 microfarad.

capacitance

b) The meter is to indicate 1.11 times the average of the full-wave rectified compg

an indication of 0.5 milliampere, the measurement is to have aneffor of not more
percept at 60 hertz.

36.1.7 Unlesg the meter is being used to measure current from éne part of a product to ano
is to be conngcted between the accessible parts and the grounded supply conductor.

36.1.8 A sample of the product is to be tested for leakagé’current starting with the as-recs
with all switches closed, but with its grounding conductor, if any, open at the attachment p
that has not
is considered fo be in the as-received condition. The supply voltage is to be the maximum v|
on the equipmnlent, but not less than 120 or 240.volts. The test sequence, with reference to
circuit — Figurg 36.1 — is to be as follows;

a) With switch S1 open, the product is to be connected to the measuring circuit. L
current is to be measured ‘using both positions of switch S2, and with the product
devices in all of their normal-operating positions.

itch S1 is then'to be closed, energizing the product, and within 5 seconds th
current is to be\measured using both positions of switch S2, and with the product
devicgs in all‘their normal-operating positions.

site

ve a

the ratio of
500 ohms. At
than 5

her, the meter

ived condition
lug. A product

en energized for a minimum of 48 hours prior to the test and that is at roofn temperature

pltage marked
the measuring

eakage
switching

e leakage
switching

switch S2 are

c) Lepkage current is to be monitored until thermal stabilization. Both positions of

to be used in determining this measurement. Thermal stabilization is to be obtaine
operation of the product as in the normal temperature test.

d by

36.1.9 Normally, the complete leakage current test described in 36.1.8 is to be conducted without
interruption for other tests. With the concurrence of those concerned, the leakage current test may be
interrupted for the purpose of conducting other nondestructive tests.
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Figure 36.1

Leakage current measurement circuits

LC100

Product intended

PRODUCT

GROUNDED SUPPLY CONDUCTOR

INSULATING

—— TABLE

for connection to a 120 volt power supply.

PRODUCT

METER

e

INSULATING

= — S2
? 120V |_ A
2407 < (9 D=
‘ 120V B
= GR
S1 q
GROUNDED\SUPPLY CONDUCTOR B\
LC200

TABLE

Product intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.
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PRODUCT

LC300

VA

GROUNDED SUPPLY CONDUCTOR

INSULATING
— TABLE

Product intended
A — Prd

B - Se

36.2 Shock-c
36.2.1 Gener

36.2.1.1 If th
ground or any

a) Th
in Tak

b) Th

c) Th
specif

for connection to a 3-wire, grounded neutral power supply, as illustrated above.
be with shielded lead.

parated and used as clip when measuring currents froméné- part of equipment to another.

irrent test

b

open-circuit potential betveen any part exposed only during user servig
other simultaneously accessible part exceeds the values specified in Table

e continuous currentflow through a 500-ohm resistor shall not exceed the lir
le 36.2,

P peak current shall not exceed 809 milliamperes regardless of duration,

b combination of magnitude and duration of peak current flow shall not exce
ed\in“36.2.3.1, or

ing and earth
36.1:

nits specified

bd the limits

d) The combination of capacitance and voltage shall not exceed the limits specified in 36.2.2.1.
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Table 36.2
Current during user servicing
Frequency, hertz Maximum current through a 500-ohm resistor,
milliamperes peak
0-100 7.1
500 9.4
1,000 11.0
2,000 14.1
3,000 17.3
4,000 19.6
5,000 22.0
6,000 251
7,000 or more 27.5
a Linear interpolation between adjacent values may be used to determine the maximum current correspondir|g to
frequencies rjot shown. The table applies to repetitive nonsinusoidal or sinusoidal waveforms.
36.2.1.2 If thg product has a direct-current rating, measurements are made-with the produdt connected in

turn to each

36.2.1.3 Unrg
speaker, betw
channels of 3
variable air-di

36.2.1.4 An (
other solid-std
time during th
36.2.1.5 Curr

a) Wi
operal

b) Either with or without/a tube, separable connector, or similar device in place.

de of a 3-wire, direct-current supply circuit.

een live parts and the metal frame of a phonograph pickup cartridge, bet
stereophonic-phonographic pickup cartridge, and“between the plates of an
plectric capacitor, may be short-circuited during_this test.

nreliable component, such as a rectifiersyacuum tube, electrolytic capacitor
te device that affects the shock current shall be open-circuited or short-circ
b tests.

bnt measurements are made:

th any operating control(_or adjustable control that is subject to user operatio
ing positions; and

liable insulation, such as that usually used betweefthe voice coil and the frame of a

ween the two
adjustable or

| transistor, or
Lited one at a

n, in all
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36.2.2 Stored

voltage

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

88,400

= Pl (Ln5-1.26)

for 21.2 < E <400

in which:

Cist

= 35,288 "%

for 400 < £ < 1000

e maximum capacitance of the capacitor in micréfarads,

E is the potential in volts across the capacitor priorto discharge, and

Inis t

36.2.2.2 Tod
be measured
interlocked co|

he natural logarithm (base e).

btermine whether a capacitor complies with the requirement in 36.2.2.1, the p
5 seconds after the capacitor<terminals are accessible by the removal or

ver, or the like. Typical calculated values are given in Table 36.3.

Table 36.3
Stored voltage

ptential E is to
bpening of an

Potential ag

0SS capacitance prier to discharge, volts Maximum acceptable capacitance, microfarad
1000 0.868
900 1.02
800 1.22
700 1.50
OUU L.IU
500 2.52
400 3.55
380 3.86
360 4.22
340 4.64
320 5.13
300 5.71
280 6.40
260 7.24
240 8.27
220 9.56

Table 36.3 Continued on Next Page
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Table 36.3 Continued

Potential across capacitance prior to discharge, volts Maximum acceptable capacitance, microfarads
200 11.2
180 13.4
160 16.3
140 20.5
120 26.6
100 36.5
90 43.8
80 53.8
70 68.0
60 89.4
50 124.00
45 150.00
42.4 169.00
40 186.002
30 319,002
25 452.002
21.2 625.002
a8 Where wet [contact is likely to occur only.

36.2.3 Transient current

36.2.3.1 The duration of a transient current — direct or altefhating — through a 500-ohm resigtor connected

between any part exposed only during servicing and earth ground or any other accessible part shall satisfy
the following ¢quation:

1.43
¢

in which:

T is the duration, measured in seconds, from the time that the instantaneous valug of the

current firstzexceeds 7.1 milliamperes until the time that the current falls below 7.1 milliamperes
for the_last time_and

1 is the peak current in milliamperes.

The interval between occurrences shall be equal to or greater than 60 seconds if the current is repetitive.
The peak current shall not exceed 809 milliamperes regardless of duration. Typical calculated values are
given in Table 36.4.


https://ulnorm.com/api/?name=UL 469 2013.pdf

NOVEMBER 3, 2006 MUSICAL INSTRUMENTS AND ACCESSORIES - UL 469

53

Table 36.4

Transient current

Maximum peak current (I) through 500-ohm resistor, Maximum acceptable duration (T) of waveform
milliamperes containing excursions greater than 7.1 milliamperes
peak, seconds
7.1 7.26
8.5 5.58
10.0 4.42
125 3.21
15.0 2.48
17.5 1.99
20.0 164
225 1.39
25.0 1.19
30.0 0.919
40.0 0.609
50.0 0.443
60.0 0.341
70.0 0.274
80.0 0.226
90.0 0.191
100.0 0.164
150.0 0.092
200.0 0.061
250.0 0.044
300.0 0.034
350.0 0.027
400.0 0.023
450.0 0.019
500.0 0.016
600.0 0.012
700.0 0.010
809.0 0.0083
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37 Resistance of Grounding Circuit Test

37.1 The resistance between the point of connection of the equipment-grounding means, at or within the
product, and any other point in the grounding circuit shall not be more than 0.1 ohm.

37.2 Any appropriate instrument may be used to determine whether a product complies with the
requirement in 37.1, but if unacceptable results are obtained, an alternating current of at least 25 amperes
from a power supply of not more than 12 volts is to be passed from the point of connection of the
equipment-grounding means to any point in the grounding circuit. The current and the resulting drop in
potential are to be measured between the two points. The resistance in ohms is to be determined by
dividing the drop in potential in volts by the current in amperes passing between the two points. The
grounding conductor of a power-supply cord is not to be tested by the latter method.

38 Power-Input Test

38.1 The curfent or wattage consumption of a product shall not exceed the marked linput fating by more
than 5 percent when the product is operated under normal conditions as specified in 38.2|— 38.10 while
connected to p supply circuit of rated frequency and voltage as specified for'normal opefation in Table
33.1.

38.2 An organ or similar musical instrument having a tone generator shall be operated with any ten keys
and two foot-pedals, if provided, depressed. Those stops and tabs, causing the organ to pperate under
conditions of maximum load are to be activated. A matched resistive load is to be connected across the

output of the groduct, and speakers, if provided, are to be disconnected and replaced by majched resistive
loads. Input ppwer (or current) is then to be determined according to the following equation:

Rn=Po+%(’Dmox_Po)

in which:
P;, is [the calculated rmormal input power,
P, is the medsyred input power under no signal conditions, and

Pnax Is.thesmeasured input power with the volume control adjusted to deliver maximum output

and mkith=tap Jcavic and tian font nadale danracond
Wit CT 1 Cyo TG oo T00 ot GC O CoSCaT

Exception: At the manufacturer’s request, a 1-kHz or geometric mean frequency sine wave may be used
as the input signal for a product employing a power amplifier. The input signal is to be applied to the first
stage of the amplifier circuit. Input power or current is to be determined with the amplifier delivering
one-eighth of the maximum undistorted output power into internal speakers or matched resistive loads
when operated as specified in 38.5 — 38.9.
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38.3 The input power or current of a product incorporating an amplifier and provided with auxiliary input
jacks, with or without tone generators, is to be determined with the amplifier delivering one-eighth of the
measured maximum undistorted output power or one-eighth of the manufacturer's marked output power,
whichever is greater, into matched resistive loads when operated as specified in 38.5 — 38.9. The test is
to be repeated for each audio-load-impedance tap provided, and in each test the resistive load is to
closely match the rated-output load of the amplifier taps.

38.4 Each input and corresponding output of a biamplifier, multichannel amplifier, or other product that
has an effect on the total power consumption of the product is to be operated simultaneously under the
conditions specified in 38.3.

38.5 The audio-input connections of the product to be tested are to be connected to a sinewave oscillator.
The frequenc i f i

Exception: e geometric-mean-frequency of each channel is to be applied as the_input
channel of a groduct intended to cover only a limited portion of the audio-frequency, range,
amplifier, biamplifier, and the like.

bignal for each
uch as a bass

38.6 The geogmetric-mean-frequency is equal to the square root of the product of the low-frequency limit
and the high-frequency limit. The low-frequency limit is to be 20 hertz 6t the manufacturer|s rated value,

whichever is higher; the upper frequency limit is to be 20 kiloheriz, o the manufacturer’s rated value,
whichever is Ipwer.
38.7 Tone coptrols, filters, and wave-shaping controls are to~be set in the flat-response positions. The

be connected
th the product
uests that the

volume contrg
to a resistive

are to be elec]
speakers proy

| is to be initially set in the middle of its range: The output connectors are to
oad matched to the manufacturer’s output-lead rating. Speakers provided w
rically replaced with an equivalent resistive load unless the manufacturer reg
ided or sold with the product be used,

38.8 The sing
undistorted oy

wave oscillator output and amplifier volume control are to be adjusted to deliver maximum
tput power. The amplifier input used for the sine wave oscillator output is {o be selected
such that the sine wave is not distorted ata stage (for example, preamp) prior to amplificagion. Maximum
undistorted oytput power is to be determined by visually examining the wave shape for cli;lping using an

oscilloscope. If there is a question_about clipping or flattening of the output sine wave, a dist
may be used fo measure the total*harmonic distortion (THD) present in the waveform. Thd
no greater thpn 1 percent. (This is to be repeated for the range of audio load impedd
corresponding wattage ratings for the amplifier.

38.9 Each unpsed_reeeptacle or connector, other than a conventional parallel-slot receptad
to supply power to another product or accessory, is to be loaded to its maximum rating.

brtion analyzer
THD is to be
nce taps and

le that is used

38.10 Other types of products not covered by 38.2 — 38.4 are to be tested under conditions closely

approximating normal operating conditions.
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39 Temperature Test
39.1 When a product is tested as specified in this section:

a) The temperature at any part shall not be sufficiently high to constitute a risk of fire or to
adversely affect any materials employed and

b) A thermal- or overcurrent-protective device shall not function.

39.2 The temperatures specified in Table 39.1 are based on an assumed ambient temperature of 25°C
(77°F). A test may be conducted at an ambient temperature within the range of 10 — 40°C (50 — 104°F).

Takl 201
TAVIC JJ. 1L

Maximum acceptable temperatures

Materials and components °C (°F)

A. MOTORS

1. Class|A insulation system on coil windings of an AC motor having a frame diameter
not morg than 7 inches (178 mm) and of a universal motor2P

d) In an open motor:

Thermocouple or resistance method 100 212
1) In a totally enclosed motor:
Thermocouple or resistance method 105 221

2. Class|A insulation systems on coil windings of an AC motor having a frame diameter
of more fthan 7 inches (178 mm), and of a DC motor®?

d) In an open motor:

Thermocouple method 90 194
Resistance method 100 212
) In a totally enclosed motor:
Thermocouple method 95 203
Resistance method 105 221
B. COMPONEN['S
1. Capagitor®:
g) Electrolytic 65 149
1) Other type 85 185
2. Conddictor, rubber- or.thermoplastic-insulated®: 60 140
3. Fuse:
Class G, J; kT, or CC:
Tobe 125 257
Ferminals 90 194
therd 90 194
4. Rectifier
a) Selenium? 75 167
b) Silicond-e 100 212

5. Windings of a relay, solenoid, magnet, transformer, and the like (except motor coil
windings) with Class 105 insulation systems?

Thermocouple method 90 194
Resistance method 100 212
6. Wood and other combustible material 90 194
C. ELECTRICAL INSULATION — GENERAL
1. Fiber employed as electrical insulation 90 194

Table 39.1 Continued on Next Page
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Table 39.1 Continued

Materials and components °C (°F)

2. Phenolic composition employed as electrical insulation or as a part the deterioration
of which could result in a risk of fire of electric shock?

a) Laminated 125 257

b) Molded 250 302
3. Varnished-cloth insulation 85 185

D. SURFACES

1. Exterior surface of an overall enclosure 90 194
2. Enclosure of polymeric materiald

a) Portable product 65 149

lt Stationary product 50 122
3. Handle or knob See“Thble 39.2

a At a point on t
higher than 105
method, is not nf

b The motor dia

¢ A capacitor op
temperature rati
temperature.

d This limitation
determined to b
€ A rectifier ope
actual current c(

frame. All lugs, fins, boxes, and the like used solely for motor mounting, cooling, assembly, and connection are

e surface of a coil where the temperature is affected by an external source of heat, a’hot-spot
C (221°F) on the surface of a coil winding is acceptable if the temperature, as measured by thd
ore than that specified in the table.

femperature not
resistance

neter is to be measured in the plane of the laminations as the diameter of the circle circumscriding the stator

brating at a temperature higher than that specified in the table may be judged on the basis of it
g. If not marked with a temperature rating, it may be investigated t0, determine its acceptability

Hoes not apply to an insulated conductor, a rectifier, a material/or component that has been iny
b acceptable for a higher temperature.
ating at a temperature higher than 100°C (212°F) may bé judged on the basis of its case tempd
mpared with the case temperature at rated current — @érating curves.

fo be excluded.
marked
at the higher

estigated and

rature at the

Table39.2
Maximum surface temperature

Location Composition of surface| 2
Metal Nonmetallic
Handles or knpbs that are grasped for liftingy.carrying, or holding 50°C (122°F) 60°¢ (140°F)
Handles or knpbs that are contacted but.do not involve lifting, carrying, 60°C (140°F) 85°C (185°F)
or holding, anfl other surfaces subjeetto’ contact and user maintenance
2 A handle, krjob, or the like madé of“a material other than metal, that is plated or clad with metal having a th|ckness of
0.005 inch (0.L13 mm) or less is_considered to be, and is judged as, a nhonmetallic part.

39.3 During ¢
not exceed th

test conducted at an ambient temperature of 25°C (77°F), an observed ten
b values Specified in Table 39.1.

perature shall

39.4 If a test

is'conducted at an ambient temperature ather than 25°C (77°F) _an observel

temperature

shall be corrected as described in 39.5. A corrected temperature shall not exceed the values specified in

Table 39.1.

39.5 An observed temperature is to be corrected by addition [if the ambient temperature is lower than
25°C (77°F)], or subtraction (if the ambient temperature is higher than 25°C) of the difference between

25°C and the

ambient temperature.
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39.6 If a corrected temperature exceeds the values specified in Table 39.1, at the request of the
manufacturer, the test may be repeated at an ambient temperature closer to 25°C (77°F).

39.7 The product is to be operated until thermal equilibrium is reached:
a) At the input measured in the Power-Input Test, Section 38;
b) With all unused receptacles loaded to their maximum rating; and

c) With the product mounted, positioned, closed, or enclosed to represent intended use when
use conditions are not specified in this section.
Exception: A with or without
tone generato

39.8 The equipment is to be operated with a pink noise audio input signal (band-limited gt 12 decibels
per octave, 2q hertz to 20 kilohertz, equal energy per octave) connected to each input affecting the power
consumption ¢f the unit, coupled through a filter circuit with a frequency roll-off of minimum 12 decibels
per octave as|follows. The amplitude-probability distribution shall be three\standard deviafions. The low
and high frequiency figures of the amplifier mentioned as follows are thése given by the manufacturer:

a) Lo Frequency — Corner frequency (point where audig signal is down 3 decibel]s) of high
pass filter set at 50 hertz or as close as practicable to twice the low frequency response figure,
whichpver is greater.

b) High Frequency — Corner frequency of low pass filter set at 20 kilohertz or as dlose as
practitable to one half the high frequency response limit figure, whichever is lower.

The signal amplitude is to be adjusted to cause“the unit to deliver power equal to ond-eighth of the
measured mgximum undistorted output power as described in the Power-Input Test, $ection 38, or
one-eighth of| the manufacturer’'s rated joutput power, whichever is greater, into the imatching load
impedance that produced the maximumsinput power consumption. The output power is to| be calculated

using the relation:

in which:

E is the voltage measured by a true rms indicating voltmeter across the noninductive resistive
output load R.

Exception: At the manufacturer’s request, the temperature test may be conducted using a 1 kilohertz or
geometric mean frequency sine wave input signal instead of the pink noise audio input signal. Pink noise
shall be used where the construction of the amplifier is such that using a sine wave does not represent
loading of the amplifier.
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39.9 Thermal equilibrium is considered attained when three successive readings taken at 15-minute
intervals indicate that the temperature of the part has not changed by more than +1/2°C over the
30-minute period.

39.10 Ordinarily, the temperature of a coil or winding is to be measured by means of thermocouples
mounted on the outside of the coil wrap. If the coil is inaccessible for mounting thermocouples— for
instance, a coil immersed in sealing compound, or if the coil wrap includes thermal insulation or more than
1/32 inch (0.8 mm) of cotton, paper, rayon, or similar insulation — the resistance method is to be used. For
the thermocouple-measured temperature of a coil of an alternating-current motor other than a universal
motor having a frame diameter of 7 inches (178 mm) or less, as specified in item A of Table 39.1, the
thermocouple is to be mounted on the integrally applied insulation of the conductor.

39.11 It is cemm y—thermoes WHE—(6-
constantan wife and a potentiometer-type instrument, and such equipment is to be used.wh
temperature njeasurements by thermocouples are necessary.
39.11 revised March 18, 2010

mMm2) iron and
enever referee

)s are to be at
i by using the

39.12 When dletermining the temperature by the change in resistance method; the winding
room tempergture at the start of the test. The temperature of a winding is\te’be calculate
following equation:

7’:

S

(k +t) -k

in which:

T is th
Rist
ris th

kis 2
const;

tist

e temperature in degrees: C;
e resistance of the coil at the end of the tests in ohms;
P resistance ofsthe’coil at the beginning of the test in ohms;

B4.5 for copper and 225.0 for electrical conductor grade (EC) aluminum. Vall
hnt (k) for)other grades must be determined; and

e room temperature at the beginning of the test in degrees C.

yes of the

39.13 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. Horizontal ventilating screens that are subject to the accumulation of dust
and lint and that have holes less than 3/64 inch (1.2 mm) in diameter are to be covered with loose cotton.

39.14 The product is to be set up or mounted as in actual service and connected to a supply circuit of the
voltage specified for normal operation in Table 33.1.
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39.15 The product is to be placed on a horizontal supporting surface and spaced 1 inch (25.4 mm) from

a vertical wall

surface of wood or comparable material.

Exception No. 1: The product may be operated in the open if ventilation or other cooling factors are
arranged so that operation against a wall will not increase operating temperatures.

Exception No. 2: If the construction of the product is such that a spacing greater than 1 inch is maintained,

the product is

to be operated at that spacing.

39.16 Doors and covers that may be closed during operation of the product are to be closed during the

test.

Exception:
including the

39.17 During
not be more tH
than 25°C (77

40 Audio-Out

40.1 The aud
when tested 4

40.2 A variab
load resistor i
the load impe

C‘.—.',J fioa oo L " ot +ha. £ L aclit o £ o ol Py P TP
vrioidcrauuvrr iy UG yrvert U aic  attudl CUTNUniIvrio Ur TIVTTTTAlN UPJTTAtIivrT Y

Changing of tape reels, cassettes, and the like.

the temperature test, the temperature on surfaces that may be contacted by
an the values specified in Table 39.2. If the test is conducted at a r60m tempe
°F), the results are to be corrected to that temperature.

but Test

io-output potential of exposed or accessible output™terminals shall not exc
s specified in 40.2.

e-frequency signal generator is to be connected to the input terminals, and
to be connected across the output terminals. If the output terminals are mar
lance that should be connected, the test impedance is to be adjusted to have

to the rated olitput-load impedance of the amplifieryand the input-signal voltage is to be ad

a value that th
terminals are
value calculat

e device delivers maximum available undistorted-sine-wave power to the loa
marked with a voltage rating, the)value of the test-load impedance is to be 3

voltage is to pe adjusted to give the maximum available undistorted-sine-wave power to

the adjustmer
output circuit
conducted ov
Throughout th
normal operat]

ts specified above are made in accordance with the marking on the output
s to be opened and\the potential across the output terminals measured. Th
br the range from 60 to 100 hertz — in steps of 10 — by adjusting the sig

on in Table-33:1.

f the product,

the user shall
rature of other

eed 100 volts

an adjustable
ed to indicate
a value equal
justed to such
1. If the output
djusted to the

ed on the basis of the rated pewer output of the amplifier (R = E2/W), and the input-signal

he load. After
terminals, the
e test is to be
hal generator.

ese tests, the product is to be connected to a supply circuit of the voltage @s specified in
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41 Dielectric Voltage-Withstand Tests
41.1 General

41.1.1 The insulation and spacings of a product shall withstand without breakdown for 1 minute the
application of the test potentials specified in Table 41.1.

Exception: This requirement does not apply if an investigation shows that such breakdown will not result
in a risk of fire or electric shock.

Table 41.1
Dielectric voltage-withstand test potentials

Component being tested Applied potential Applicable paragrgphs
Primary circui 1000 V, 60 Hz 41.2.7 and 41.3.2
Isolating transformer 1000 V, 60 Hz 41.3.1
Primary insuldtion 1000 V, 60 Hz 41.4.1
Output circuit 4E2 DC, (1270 V minimum) 41.5.1
Power transfofmer 3E2 DC, (500 V minimum) 41.6.1 - 41.6.4
Direct-connecjed power supply 3E2 DC, (1270 V minimum) 41.7.1-41.78
Printed-wiring|assembly 2E2 + 1000 V, DC 41.8.1
Basic insulatign 1000 V, 60 Hz 13.1.9
Supplementary insulation 2500 V, 60 Hz 13.1.10
Reinforced indulation 3500 V, 60 Hz 13.1.11
a E is the majimum peak potential between the parts when measuréd with the product operated under the canditions
described in 41.9.2 — 41.9.5.

41.1.2 The diglectric voltage-withstand tests are tabe conducted with the product at its nofmal operating
temperature.

41.1.3 In conglucting the dielectric voltage-withstand test, the applied 60-hertz voltage is tq be monitored
with a voltmetfer having a minimum résistance of 2000 ohms per volt. Breakdown, not legkage, is to be
the criterion of nonacceptability. Breakdown is caused by insufficient insulation or spacing and is indicated
by an abrupt decrease or retardediadvance of the voltmeter reading. Leakage is the normal fflow of current
due to imperfgct insulating materials and can vary with the applied voltage.

41.1.4 The 6(-hertz tesppotentials specified in Table 41.1 are to be obtained from a testing transformer,
the output voltage ofi which can be varied. The direct-current test potential is to be obtajned from any
convenient difect-current supply having an output of sufficient potential and that can be varied. The

applied potential is"to be increased from zero until the required test value is reached and i$ to be held at
that value for T . ' ' T et i iform rate and

as rapid as is consistent with its value being correctly indicated by a voltmeter.
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41.2 Primary circuit

41.2.1 A 1000-volt, 60-hertz potential shall be applied between any live part conductively connected to
the supply circuit and any exposed metal part, dead metal part, or user terminal such as an
audio-jack-ground lead.

41.2.2 If an isolating power transformer is not a part of the product, the test specified in 41.2.1 is to be
conducted with each vacuum tube removed, filament circuit short-circuited, and electrolytic capacitor and
plate-cathode rectifier terminals short-circuited.

41.3 Isolating power transformer

1.000. Lt
a LUUUTVUIL,

4131 If an i
between any
current-carryin

Il be applied
d any live or

Fada ¥l 2% ' + il
UUTTICT LD PUI.CIII.IGI =1}
live or current-carrying part of the primary or power-supply circuit, an
g part of the secondary circuit.

lod: + foron H 1 l
UTdlrTy PUWLTT  Aaroturimtct 1o TITTYIU y TU,

41.4 Primary Jinsulation

41.4.1 A 100(
insulation req
fire, either dir

Exception: T
power transfo

41.5 Output d

41.5.1 If a pr
times the ma
but not less th
and between

which is isolated from the chassis and-used for speaker coupling.

41.6 Power-tfansformer secondary

41.6.1 If a po
shock, a direc
— 41.9.5, but
secondary cir
be accepted |

!

he potential need not be applied across insulation' in the secondary circuit
‘mer.

ircuit
bduct has provision for connection of>an external speaker, a direct-current p

an 1270 volts, shall be applied<ac¢ross a blocking capacitor (other than an el

ver transformet_is employed, the secondary circuit of which involves a risk of

L

-volt, 60-hertz potential shall be applied across each capacitot;vinding sepa
ired for reducing the risk of electric shock or that, if short«circuited, would in
ctly or indirectly.

imum direct-current, open-circuit voltage measured in the output tube or trg

he primary and secondary Windings of an isolating-output transformer, the o

-current potential of three times the maximum voltage determined in accordar
not lessitfran 500 volts, shall be applied between live parts of opposite

uit and-between such live parts and accessible metal parts. An electrolytic
nder the provision of 43.1.

ation, or other
volve a risk of

of an isolating

btential of four
nsistor circuit,
pctrolytic type)
utput circuit of

fire or electric
ce with 41.9.1
polarity in the
capacitor may

41.6.2 Each electrolytic capacitor, tube, transistor, lamp, and the like, is to be removed from the circuit.
A bleeder resistor or other power-consuming device is to be disconnected in the negative side of the
circuit.

41.6.3 The voice-coil-circuit connections and the frame of the loudspeaker are to be connected
electrically to the chassis so that the insulation of the output transformer or capacitor is stressed.
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41.6.4 A tone control, switch, or other component part involving user control elements is to be adjusted
to the various operating positions that provide for the connection of these parts in the circuit under test.

41.7 Direct-connected power supply
41.7.1 If a direct-connected power supply is employed, a direct-current potential of three times the
maximum voltage determined in accordance with 41.9.1 — 41.9.5, but not less than 1270 volts, is to be

applied between live parts of opposite polarity on the load side of the rectifier.

41.7.2 Each electrolytic capacitor, tube, transistor, lamp, and the like is to be removed from the circuit. A
bleeder resistor or other power-consuming device is to be disconnected at the negative side of the circuit.

Anode and cathode terminals of the rectifier are to be short-circuited.

41.7.3 The tept potential may be obtained from any convenient direct-current supply the vd
can be varied|, Starting at zero, the applied potential is to be increased gradually uftil the
value is reachied or until breakdown occurs.

41.8 Printed-yiring assembly

41.8.1 A prin
between prin
printed-wiring

41.9 Maximuin voltage test

41.9.1 The m
potentials spe|

41.9.2 To obt
41.9.3 An auf
Exception: T
can be relied

likely breakdo
device being

d-wiring assembly shall withstand the specified potential hetieen printed-wi
ed-wiring parts and other parts where electrical breakdown over the s
board insulating material would result in a possibledrisk of electric shock.

aximum voltage used as a basis for thecalculation of the dielectric volt
cified in 41.5.1 — 41.8.1 shall be determined in accordance with 41.9.2 — 41.

pin the maximum voltage, any combination of tubes and fuses may be remo
omatic voltage-regulating deviee is to be rendered inoperative.

he device need not be.rendered inoperative if, upon investigation, it is found
upon to prevent an_increase in voltage. The investigation is to take into con

wn or malfunctionin either the regulating device or the product, and the pd
lisconnected, if.it is not permanently connected in the circuit.

ltage of which
e required test

ring parts, and
urface of the

age-withstand
D.5.

ved.

hat the device
sideration any
ssibility of the

41.9.4 A connector or.eomparable part that is likely to be disconnected during normal opgration or user

servicing is to
obtained.

be both-connected and disconnected during the test so that the maximum v

bltage may be

41.9.5 If a complex voltage is involved, the peak value of the voltage is to be measured.
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42 Leakage Current After Humidity Conditioning Test

42.1 A portable product shall comply with the requirements for leakage current in 36.1.2, following
exposure for 48 hours to air having a relative humidity of 88 +2 percent at a temperature of 32 +2°C (90
+4°F).

42.2 A sample of the product is to be heated to a temperature just above 34°C (93°F) to reduce the
likelihood of moisture condensation during conditioning. The heated sample is then to be placed in a
humidity chamber and is to remain for 48 hours under the conditions specified in 42.1. After the
conditioning, the sample is to be tested unenergized as specified in 36.1.8(a). The sample is then to be
energized and tested as specified in 36.1.8 (b) and (c). The test is to be discontinued when the leakage
current stabilizes or decreases.

43 Capacitor [Test

43.1 If the m@ximum voltage across an electrolytic capacitor is more than its marked opegrating-voltage
rating when measured under the conditions specified in 41.9.2 — 41.9.5,(hé capagitor shall not
short-circuit when subjected to the test specified in 43.2.

43.2 The progluct is to be operated until the capacitor reaches normal gperating temperatyre after which
all tubes are fo be removed other than the power rectifier and any other tubes that are necessary to
produce maxifnum direct-current voltages. The voltage is measure€d ‘across the capacitor fpr 15 minutes.
If there is any increase of the leakage current or a corresponding decrease in voltage, two additional
samples are fo be tested under the same conditions. The capacitor is acceptable if all three samples
operate for 1§ minutes without short-circuiting.

44 Low-Energy Circuit Tests for Low-Voltage, Limited-Energy Circuits
44.1 General

44.1.1 A trarjsformer, transformer-impedance combination, or a transformer and regulating circuit,
intended to cqgmply with 27.1.2 shall be‘tested for compliance as specified in this section.

44.2 Current fapacity

44.2.1 In ordgr to comply with the requirements specified in 27.1.2, under any noncapacitiye condition of
loading (inclugling short cirGuit), the output current shall not be more than that specified in| Table 27.1 at
1 minute after|[the priméary-is energized. If two or more secondary windings supply interconnected circuits,
the sum of thg outputs-shall not exceed the values specified in Table 27.1.

44.2.2 If a fixptseries impedance or a regulator circuit is relied upon to limit the output, that impedance
or regulator circuit is to be included in the circuit during the test. A multiple-winding transformer is to have
one secondary winding tested with all the other secondary windings open-circuited, and is to be allowed
to cool to room temperature again before another winding is tested. All overcurrent-protective devices that
may terminate the test are to be rendered inoperative. If the transformer winding, other impedance, or
transformer overtemperature protector opens the circuit in less than 1 minute after the primary is
energized, the current shall not be more than the values specified in Table 27.1 just prior to opening of
the circuit.
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44.3 Volt-ampere capacity

44.3.1 In order to comply with 27.1.2, the maximum output shall not exceed the values specified in Table
27.1. If two or more secondary windings supply interconnected circuits, the sum of the outputs shall not
exceed the values specified in Table 27.1.

44.3.2 The maximum volt-ampere output capacity is to be determined as follows. The primary winding of
the transformer, at room temperature, is to be connected as intended in the product and the secondary
winding in question is to be connected to a variable-resistance load. If a fixed-series impedance or a
regulator circuit is relied upon to limit the output, that impedance or regulator circuit is to be included in
the circuit during the test. A multiple-winding transformer is to have one secondary winding tested with all
the other secondary windings open-circuited, and is to be allowed to cool to room temperature again

before anoth
rendered inop|
the secondary
in 2-1/2 minu
current is to b

44.4 Continug

44.4.1 The ¢
transformer-rg
to continuous
externally con
left intact for t
442.1,44.2.2

a) Th
after 1

b) Th
shall still com

Exception: |

conducted.

44.4.2 To determine compliance with the requirement in 44.4.1, the product is to be teste

in 46.1.1 — 46

VV;IId;IIH IO tCOtUd. II'\\” UVCIbUIIUIIt PIUtC\.’tIVC dCVIbCO thut |||ay tCIIII;IIatC thC
erative. The primary winding is to be connected to a source of rated voltagsg
is to be varied in approximately ten increments from open-circuit to short-Cir|
es. For each step or increment in the resistance, the product of the outpt
e recorded, plotted, and drawn as a smooth curve.

us operation

econdary of a transformer, the output of a transfermer-impedance con
gulating circuit that limits the current or the output as\specified in 27.1.2 is tq
operation for not longer than 7 hours at short-circuit Conditions and maximur
hected resistor without producing a risk of fire erelectric shock. Protective d
e short-circuit and maximum-power tests. Following the test, the measureme

test are to be
. The load on
Cuit conditions
t voltage and

bination or a

be subjected
h power to the
bvices may be
nt specified in

44.3.1, and 44.3.2 are to be repeated. The-open-circuit secondary voltage and either:

e secondary current under any condition of noncapacitive loading (including
minute or

£ volt-ampere output capacity-ef the secondary winding
ply with Table 27.1.

the short-circuit’ test continues for 7 hours, then the maximum-power tes

1.9. Three complete tests are to be conducted, using new components whe

short-circuit)

[ need not be

d as specified
N necessary.
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445 Abnormal

-operation

44.5.1 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 in that circuit shall not cause
the open-circuit secondary voltage to exceed 30 volts AC or 60 volts DC, and either:

a) The

b) The

secondary short-circuit current shall be 8 amperes or less after 1 minute or

output capacity of the secondary winding shall be 250 volt-amperes or less.

45 Low-Energy Circuit Tests for Nonhazardous Secondary Circuits

45.1 Power ap

45.1.1 To determine compliance with 27.2.1, the source of supply for a nonhazardous se
shall be subjegt to the tests specified in 45.1.2 — 45.3.1.

P2 1t dait H rT
U vVUnAaytc utiermmrmatrun

condary circuit

45.1.2 A source of power for a component part or assembly is to be investigatéd to deternjine the points

nearest the pgwer supply not capable of:

a) Prpducing an open-circuit voltage exceeding:

b) Ddlivering a power of more than 15 watts nto an external resistor connected si
each pf these points and any return to thegpower supply.

45.1.3 The measurements specified in 45.1:2\are to be made with the product operating n
no signal input for amplifier circuits — and Wwith all components and circuits in place.

45.1.4 To locpte the points not capable’of delivering more than 15 watts of power that arg
45.1.2(b), an qdjustable resistor is\to be set for maximum resistance and then connected

and the circuit
it consumes t

1) 30 volts AC or 60 volts DC where wet contdet IS not likely to occur and

2) 21.2 volts peak where wet contact is likely to occur, and

under investigation ‘as illustrated in Figure 45.1. The external resistor is to bg

ngly between

ormally — with

mentioned in

0 a wattmeter

adjusted until

e maximum power as indicated by a peak reading of the wattmeter. If the rgading is more

than 15 watts| the desired.point has not been located and it is then necessary to move the input to the
wattmeter resjstor to other points away from the supply side of the circuit. If an acceptgble protective
device is used in the\proaduct, a shorting switch is to be connected across the protective devjce in a closed

position. The fexternal resistor is to be adjusted for maximum resistance before being co
istor is then to be adjusted so the power it dissipates is exactly 15 watts as indicated by

circuit. The r

nected in the

the wattmeter reading. The switch across the protective device is then to be opened and the time required
for the protective device to open is to be recorded. If the protective device opens the circuit in 5 seconds

or less, the desired point not capable of delivering more than 15 watts has been located.
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Figure 45.1
Connection of wattmeter

WATTMETER
/ EXTERNAL
__ LOAD

L_ _L RESISTER
Y Y
| |
CIRCUIT | | | -
UNDER | [ !
TEST | |
VAW 1
‘L___S&__
VOLTAGE COIL CURRENT COIL
SB122Bb

45.2 Abnormal operation

45.2.1 If a regulating or other type of circuit isdocated between the points being measured

and the power

supply, the opgning or short-circuiting — singly*= of any unreliable component in that circuit ghall not cause

the limits in 4%.1.2 to be exceeded.

45.3 Continugus operation

45.3.1 The points determined by the measurements specified in 45.1.2 — 45.2.1 shall be
determine that a risk of fire“or electric shock is not produced under the conditions
short-circuiting them orgading them to maximum power.

45.3.2 As a r¢sult ef-the test specified in 45.3.1, no components located between the point
and the power supply shall be affected to such a degree— for example, by a chang
characteristic s

nvestigated to
of separately

s being tested
e in value or

45.3.3 To determine whether a product complies with the requirements in 45.3.1, it is to be tested as

specified in 46.1.1 — 46.1.9.

45.3.4 If the short-circuit tests specified in 45.3.1 continue for 7 hours, it is not necessary that the

maximum-power test be conducted.
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46 Abnormal-Operation Tests
46.1 General

46.1.1 For abnormal-operation tests, the product is to be connected to a supply circuit fused at 30
amperes and placed on a white-tissue-paper-covered softwood surface. Exposed dead metal parts are to
be connected to earth ground through a 1-ampere nontime-delay fuse. The supply-circuit connection is to
be such that the maximum potential exists between the protective device of the product, if any, and the

chassis.

46.1.2 A single layer of cheesecloth is to be draped loosely over the entire product.

unless it can
voltage is to b

46.1.5 Inhere

46.1.6 An al
component or
circuit under t

46.1.7 The te
of power is ¢
investigated

46.1.8 An unacceptable condition‘is considered to exist if an abnormal-operation test result

following:
a) Th

b) Th

held captive.

oduct is to be operated both with and without a signal input, as specified in
be established that one test will produce the most severe conditions. The
e in accordance with Table 33.1.

Nt overheating protection, if provided, is to be“investigated to determine its a
normal-operation test involving stalling a motor or short-circuiting or

circuit to maximum power is to be cenducted until an unacceptable condition
pst burns open, or no further change'is likely to take place, but not for longer
Frm maximum power referred\e in 46.1.6 is defined as the maximum power t

pable of delivering intoan-external variable resistor connected between th
d any return to the souree of power.

P single layer of cheesecloth glows or flames.

e tissue paper glows or flames.

38.3 — 38.10,
supply-circuit
Cceptability.
bverloading a
develops, the
than 7 hours.
hat the source

b points being

s in any of the

c) Flame resulting from the test continues for more than 30 seconds.

d) The 1-ampere fuse connected to earth ground opens.

e) An opening develops in the overall enclosure larger than that permitted by the accessibility
requirements in 10.1.2 and 10.1.3.

f) The product does not withstand without breakdown the dielectric voltage-withstand test
specified in 41.2.1 and 41.3.1.
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46.1.9 If the circuit is interrupted by the opening of a component or protective device, the test is to be
repeated twice, using new components when necessary.

46.1.10 A manually reset overload-protective device is to perform acceptably for 50 cycles of operation
under the most unfavorable overload conditions.

46.2 Compon

ent abnormal-operation test

46.2.1 An unacceptable condition shall not result when a product is operated under abnormal conditions

that are likely

to occur during normal use.

46.2.2 The test conditions are to be as specified in 46.1.1 — 46.1.9.

46.2.3 Malfun

may result in

is to be assun
a) Jal

b) M3
to be

c) Std
d) So

e) Ing

f) Short-circuiting of any unreliable component.

Excef
capal

46.2.4 To loc
Exception to 4
a wattmeter
until it consu
more than 50
the wattmeter
is used in the

de

ction of a component connected in hazardous circuitry and likely misuse of th
h risk of fire or electric shock are to be simulated during the abnormal_tests.
ned at a time. Examples are:

mming of tape, paper rolls, and the like, that are likely to stall or\Overload a ¢

Ifunction of a fan or blower that provides ventilation. Durifg this test the fan
disconnected rather than stalled.

lenoid with plunger blocked in the de-energized position.

orrect setting of an input-voltage selector:

tion: It is not necessary to'short-circuit a component connected in a cirg
le of delivering more than50 watts of power.

hte the points not capable of delivering more than 50 watts of power as me
6.2.3(f), an adjustable resistor is to be set for maximum resistance and ther
d the circuit Under investigation. See Figure 45.1. The external resistor is
s the maximium power as indicated by a peak reading of the wattmeter. If
watts, thé«desired point has not been located and it is then necessary to mo
to other-points away from the supply side of the circuit. If an acceptable prg
preduct, a shorting switch is to be connected across the protective device)

lling of rotors of all motors due to bearing wear, 1oss’ of lubrication, or the like.

e product that
Only one fault

irive motor.

or blower is

uit that is not

ntioned in the
connected to
0 be adjusted
the reading is
ve the input to
tective device
in the closed
nected in the

position. The

external resistor is to be adjusted for maximum resistance before being co

circuit. The resistor is then to be adjusted so the power it dissipates is exactly 50 watts as indicated by
the wattmeter reading. The switch across the protective device is then to be opened and the time required
for the protective device to open is to be recorded. If the protective device opens the circuit in 60 seconds
or less, the desired point not capable of delivering more than 50 watts has been located.
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46.2.5 The dielectric voltage-withstand test required by 46.1.8(f) is to be conducted while the power
supply is in a heated condition and need only be conducted after the last test on the power supply is

completed, unl

ess it is necessary to replace components after conducting the tests.

46.2.6 In conducting the short-circuit tests required by 46.2.3(f), connections in the components are to be

short-circuited

as described below:

a) Vacuum tube:

1) Plate to cathode terminal of a rectifier.

2) Cathode to heater terminals.

b) Sl

c) Ele

d) Tr@nsistor — any two terminals.

46.3 Audio-oytput-fault conditions

46.3.1 In an &
any accessibl

a) 60
b) 60

Exception: T
connected be

implifier audio-output circuit tested in accordance with 46.3.2 — 46.3.4, the vo
b parts of the audio-output.gircuit shall not exceed:

3) Any two heater terminals.

4) A heater terminal and a terminal of any other element of the fubessuch
one heater or portion thereof remains in the test circuit.

5) Any two elements of the tube that are likely to short-cireuit; for examplg
that are adjacent to each other. The short-circuit is to be simulated by sho
elements at the tube-socket terminals.

id-state rectifier — any two terminals.

ctrolytic capacitor — any two terminals.

volts peak for voltages that do not reverse in polarity or
volts peak and 84.8 volts peak-to-peak for voltages that reverse in polarity.

his requirement does not apply if the current through a 500-ohm nonind|
lween the' parts complies with the following equation:

that at least

, elements

rting the

Itage between

Lictive resistor
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in which:

T is the duration (in seconds) measured from the time that the instantaneous value of current
first exceeds 7.1 milliamperes, until the time that the current falls below 7.1 milliamperes for the
last time. The interval between occurrences shall be equal to or greater than 60 seconds if the

current is repetitive; and

I is the peak current (in milliamperes), which shall not exceed 809 milliampéres re
duratipn.

46.3.2 A varfable resistor is to be connected between any two terminals of a discr
component — [for example, a vacuum tube, diode, electrolytic capacitor, ‘transistor, or inte
located in the faudio-output circuit. The amplifier is to be operated underso-input signal con
load connectegd to the audio output.

46.3.3 The variable resistor is to have a resistance value high 'enough so that when initi
across the terminals of the component in the audio-output ¢ircuit being tested there is no &
operation. The variable resistor is also to be capablegof being reduced to zero resig
conducting large amounts of current.

46.3.4 With
operating nor
voltage at the

ne product connected to a supplyicircuit in accordance with 33.3.1 and T
hally under no-load conditions, the variable resistor is to be slowly reduced in
audio output monitored. If the ‘product ceases to function before the voltag
output exceeds the values specified in-46.3.1, the cause of the malfunction is to be dg
component other than a fuse or overload protector or limiter has been damaged, it is to
either an open circuit or a short circuit, whichever produces the more unfavorable results.
be continued pntil zero resistance~of the variable resistor is reached, the maximum voltag
until the voltage is reduced orinterrupted by the opening of a fuse, overload protector, or |

46.3.5 If the [maximumvalue of output voltage measured according to 46.3.4 excee
specified in 46.3.1, & 500-ohm noninductive resistor is to be connected between the p
specified in 46.3.44s*to be repeated, however, the current through the 500-ohm resistor T
open-circuit vpltage’is to be monitored.

pardless of

bte unreliable
jrated circuit—
ditions with no

hlly connected
ffect on circuit
tance and of

Able 33.1 and
value and the
e at the audio
termined. If a
e replaced by
The test is to
e reached, or
miter.

Is the values
arts. The test
ather than the

46.3.6 The results are acceptable if the current through the resistor satisfies the requireme
shock current specified in 36.2.1.1.

46.3.7 If a fuse or other replaceable circuit-protective element is relied upon to open t
product is to be marked in accordance with 64.8.1 and 64.8.2.

nts for electric

he circuit, the
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46.4 Endurance

46.4.1 If solid-state circuitry provides sensing, cut-off, limiting, or the like, to remove or prevent hazardous
potentials appearing at the speaker terminals, the product with such circuitry shall complete 100,000
cycles of operation simulating each fault that is intended to interrupt, clear, or guard against.

46.4.2 Three samples of the product are to be subjected to the cycling test. Upon completion of the
required number of cycles, the tests specified in 46.3.4 and 46.3.5 are to be repeated with acceptable
results.

46.5 Abnormal temperature test

46.5.1 Each rehanrfretof—eatipmentincorporating—a—power—amptifier—employig—extgrnal speaker
connections ig to be loaded with a resistive value as specified in 38.3. Each channel is t0)pe driven with
dine wave input or a sine wave at the geometric mean frequency of the(Specified frequency
of the channel. The output level of each channel is to be set at a voltage that will produce
one-third maimum undistorted output power or one-third of the manufacturer’s rated putput power,
whichever is greater. The determination of maximum undistorted output power*is describefd in 38.8. The
supply circuit|voltage is to be the test voltage for intended operation as\specified in Tgble 33.1. The
amplifier is to pperate under these conditions for a period of 7 hours, until thermal equilibrium as specified
in 39.9 is estgblished, or until a protective circuit or a protective device-operates.

ptective circuit or a protective device operates before temperatures stabilize or before 7
apsed at the one-third level, the test described inn46.5.1 is to be repeated with| the protective
circuit or protective device repaired or replaced and the output level of the equipment set at one-fourth
maximum undistorted output power or one-fourth thesmanufacturer’'s rated output power} whichever is
greater, until $tabilization occurs. If a protective circuit ‘or a protective device operates at the one-fourth
level, the equ|pment is to be repaired and the testfepeated at the one-fifth and, if necesgary, one-sixth
levels until thgrmal stabilization occurs.

46.5.3 The tefst specified in 46.5.1 is to hetrepeated at the one-third level only (set while he equipment
is loaded with|the resistive value specified’in 38.3) with the resistive loads replaced with g resistive load
equal to one-palf the value used in, 38:3, and a short accomplished by an appropriate shorting device
applied at the|output terminals. The.amplifier is to operate under these conditions for a perfod of 7 hours,
until thermal equilibrium as specified in 39.9 is established, or until a protective circuit gr a protective
device operatgs.

Exception: The test déscribed in 46.5.3 need not be performed on equipment with interngl factory-wired
speakers.

46.5.4 As a re¢sult of the test described in 46.5.1 — 46.5.3, there shall not be risk of fire or|electric shock
as described in 46.1.8. Transformers used in the equipment shall comply with the temperature limits
specified in Table 46.1.

Exception: The temperature on the transformer need not be measured if the transformer complies with
the construction and performance requirements in the Standard for Transformers and Motor Transformers
for Use in Audio-, Radio-, and Television-Type Appliances, UL 1411, or with the construction and
performance in the Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1
and the Standard for Low Voltage Transformers — Part 3: Class 2 and 3 Transformers, UL 5085-3.

46.5.4 revised November 3, 2009
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Table 46.1
Maximum temperature rises under abnormal temperature conditions

Condition Type of protection Maximum temperature rises
Class 105, Class 130, Class 155, Class 180, Class 120,
°c (°F) o °F) o F) o °F) o °F)
1 Integral, non-replaceable, non- 130 234 155 279 180 324 | 205 369 | 245 441
resettable protector, including open
primary winding, resulting in the
replacement of the transformer
2 None or any other form of 110 198 135 243 160 288 185 333 | 225 205
protection

47 Switching{Device Test

itch and other current-interrupting device shall comply with the reqdiren
component. The actual load controlled in the product may be used in place of therartificial
in the requirements applicable to the component.

Exception: Qverload and endurance tests may be omitted for switching.contacts in isola
circuits if the g¢ontrolled load is limited to 100 volt-amperes or less.

47.2 A switch or other device that controls a motor of a produgtyis’to be operated for 50

and breaking| the locked-rotor current of the product. There* shall be no electrical g
malfunction of the device or undue pitting or burning ofc¢the” contacts and the fuse in

connection shgll not open.

Exception: e test need not be conducted if the switch or other device is:

a) Interlocked so that it will not have te break the locked-rotor-motor current or
b) H4gs been investigated and determined to be acceptable for the intended use.

47.3 To determine if the switch or other control device is capable of performing acceptably i

nents for that
load specified

fed secondary

cycles making
r mechanical
the grounding

n the overload

test specified [in 47.2, the produCtis to be connected to a grounded supply circuit with the rotor of the
motor locked in position. During-the test, exposed dead metal parts of the product are to bg
ground through a 3-ampere” plug fuse, and the connection is to be such that any
current-rupturing devicenis-located in the ungrounded conductor of the supply circuit. If
se on _direct current, or on direct current as well as alternating current, the

thesproduct are to be connected so as to be positive with respect to

intended for
metal parts o

e connected to
single-pole,
the product is
exposed dead
a single-pole,
10 cycles per
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48 Solid-State Switch Test

48.1 Abnormal operation

48.1.1 A product containing a solid-state component or device that functions as a switch in a
hazardous-energy circuit shall operate as intended when subjected to the following tests in the order in
which they are presented:

a) 50 cycles of operation consisting of making and breaking the actual or rated-output load.

b) 50 cycles of overvoltage while connected to an input of 110 percent of rated-input voltage
and to actual or rated-output load.

c) 50
and tdg

48.2 Voltage-
48.2.1 The sV

intervals as s
operable after|

48.2.2 The sample is to be connected to a supply of rated voltage. A grounding lead of

provided, is to
condition with
amplitude of
applications i

48.2.3 The slirge generator is to have a surge-impedance of 50 ohms. When there is 1

generator, the
a) Ini
b) Th
c) Eal

Figures 48.1 4

cycles of undervoltage, while connected to an input of 85 percent of rated-ir
actual or rated-output load.

surge test

pecified in 48.2.2. There shall be no tripping of circuit prétection, the produg
the test, and the product shall not develop an unacceptable condition as spegd

be connected to the supply conductor serving as the neutral. The sample is
no load connected. For each application, the”surge is to have the specifi
B kilovolts when applied to the 60-hertzcsupply to the unit under test. Es
to be random with respect to the phase of the 60-hertz supply voltage.
wave form of the surge is to be.essentially as follows:

ial rise time, 0.5 microsgcond between 10 percent and 90 percent of peak a
e period of the following oscillatory wave, 10 microseconds; and

Ch successive peak, 60 percent of the preceding peak.

nd 48.2.8how a typical surge generator and control relay.

put voltage

itch is to be subjected to ten random applications of a 3-kiloveltsurge impuls¢ at 60-second

t shall remain
ified in 46.1.8.

the sample, if
o be in the on

bd initial peak
ch of the ten

o load on the

mplitude;
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Figure 48.1
Typical surge-generator circuit

Figure 48.1 revised March 18, 2010
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C3 =4 pF, 400 V|
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R; = 22 ohms, 1
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R4 = 47K ohms (10 by 4.7K ohms, 1/2 W)

Rs = 200 ohms, 1/2 W

CR-1 = Relay
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Figure 48.2
Relay control circuit for surge generator
R1 D1
—\NA\-P—e
D7 CR-1
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60 Hz Cp o~ SCR1 INPUT
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1:1
S0VA
R2
SB129p

C, = 32 pF, 250

CR-1 = Relay GH

D, = IN5060 or ¢

CR 2790 E 100\A2 or equivalent

huivalent

D, = IN5060 or €

fuivalent

R, = 10K ohms, 1 W

R, = 1K ohms, 1/2 W

R3 = 1K ohms, 1/

SCR1=GEC 12

T, = Triad N4S X

2W

2B or equivalent

or equivalent
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49 Protective-Circuit Test

49.1 If a protective or limiting function to reduce a risk of fire or electric shock is accomplished through
the use of solid-state circuitry to provide sensing, cutoff, limiting, or the like, such circuitry shall be
evaluated in accordance with the Military Standardization Handbook Reliability Prediction of Electronic
Equipment, MIL-HDBK-217B — September, 1974. The theoretical predicted reliability shall be equal to or
greater than 95 percent for 20,000 hours. In addition, a product provided with protective, limiting, or
sensing circuitry to reduce a risk of fire or electric shock shall withstand 100,000 cycles of operation
simulating the fault or faults that the circuitry is intended to interrupt, clear, or protect against.

Exception: Solid-state circuitry that is used to reduce the risk of fire or electric shock at speaker terminals
under fault conditions and that is tested in accordance with 46.4.1 and 46.4.2 need not be further tested.

50 Remote-C

50.1 Cable-short-circuit test

50.1.1 Assing
be subjected
and earth or 4

50.1.2 The tqg
46.1.10.

50.2 Cable-ajcing test

50.2.1 The
multiple-cond
when tested 3

50.2.2 The cg
The insulation
of approximat|
portion of the
straight brass
touched repea

Je

pntrol and Interconnection Cable Test

e- or multiple-conductor cable employed as specified in ExceptiowNos. 2 and
o short circuits between conductors of the cable, and betweern’any conduct
ny other accessible part.

st conditions for compliance with 50.1.1 are specified in 46.1.1 — 46.1.6

rc caused by short-circuiting or grounding the conductors of a sin
tor cable employed as specified in@&xception No. 3 to 20.1 shall not ignite
s specified in 50.2.2.

ble or cord is to be connected-to the product and to the remote unit in the intg

bly 1/16 inch (1.6 mm). Surgical cotton is to be placed in intimate contact

conductor. With the_product operating at rated frequency and maximum volta
pin connected t@ a“conductor of opposite polarity, or to another available r
tedly during a ‘15-minute period to the bared conductor in an attempt to cau

310 20.1 shall
br of the cable

and 46.1.8 —

jle-wire or a

surgical cotton

nded manner.

of one of the conductorsis-to be removed so as to expose the bare conductor for a length

vith the bared
pje an ordinary
bturn, is to be
be arcing.
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51 Strain-Relief Test

51.1 The attachment of the power-supply cord to the product shall withstand for 1 minute a force of 35
pounds (156 N) applied to the cord as specified in 51.2. The results of the test are not acceptable if any
of the following occur:

a) The insulation or covering on the flexible cord is cut or torn.

b) The bushing slides through the hole in the chassis or enclosure.

c) Ce

51.2 The for
the normal ma

51.3 If the inf]
to be conduct

52 Separable|

52.1 A separ
tested as spe

52.2 The test
52.3 A conneg

secondary cir
circuit.

52.4 A separable connector is considered one not held in place by a screw, clamp, or theg

does not requ

mented-on bushings slide on the cord.

is to be applied by a steady pull of 35 pounds (156 N). With the chassis in
nner, the force is to be applied from any angle possible.

pgrity of the strain-relief means is dependent upon a polymerie’material, the
bd both before and after the temperature stability test in 55.872.

tConnector Test

hble user-accessible connector shall perform acceptably and shall not be d
Lified in 52.2 — 52.4.

is to be conducted with the product in_normal operation.

Ctor is to be made to make and break its load at 6-second intervals for 10 cy
uit or on the load side of a reetifier, and for 50 cycles if it is in the primary

re the use of a toal te accomplish the separation.

loes not

the cabinet in

testin 51.1 is

hmaged when

Cles if itis in a
power supply)

like, and that
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53 Flexing Test

53.1 Wiring that is subject to flexing during normal use and that involves a risk of fire or electric shock,
such as wiring to a pull-out tape-player drawer or the like, shall be subjected to the flexing test specified
in 53.2. The results of the test are acceptable if the wire insulation is not cut, abraded, or otherwise
damaged, and the dielectric voltage-withstand test specified in 41.2.1 is conducted with acceptable
results.

53.2 The wiring subject to flexing during normal use is to be subjected to 30,000 cycles of operation
simulating normal use.

54 Solderless Wire-Wrap Connections Tests

54.1 General|- contact points

54.1.1 Contag¢t points on a solderless wire-wrap connection shall be tested as deseribed|in 54.2.1 and
54.3.1 and shall produce compression or flow of the conductor rather than @ nick that weakens the
mechanical stfength such that fracture may occur.

54.2 Unwrapping test

54.2.1 The cpnductor shall be capable of being sufficiently unWrapped (all turns do npt have to be
unwrapped) tq free the wire from the terminal without breaking. The conductor is to be unwfapped so that
additional twigt or undue stress is not induced. Five samples-are to be tested with no conductor fracture.
If one conductor fracture occurs, the test is to be repeated on ten additional samples with no conductor
fracture. A toql as illustrated in Figure 54.1 is to be used-
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Figure 54.1
Unwrapping tool
HANDLE
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TO UNWRAP
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54.3 Strip-force test

54.3.1 Using a tool as illustrated in Figure 54.2, the strip force required to displace the complete wrap a
distance equal to the diameter of the wire shall not be less than 6.6 pounds (29.4 N). The stripping force
is to be applied evenly and gradually so that any inertial force is negligible. The clearance between the
tool and terminal is to be such that no binding occurs between the tool slot and terminal. The number of
samples to be tested is to be the same as for the unwrapping test described in 54.2.1. A metal ring is to
be provided on the device as illustrated in Figure 54.2 to engage the force-producing instrument.

Figure 54.2
Typical pull test

All dimensions infinches (mm)

2(50.8)

20 10 0

— O
TO VICE OR OTHER

CLAMPING MEANS RING TO ENGAGE FORCE SPRING SCALE
SB164b—1 PRODUCING INSTRUMENT

55 Strength gf Enclosure Tests

55.1 General

55.1.1 A produet—shalbe——subjee
acceptable if there is:

o+

ad ta tha annlisa tacte cnanifind
CO—O—th TPt tCSto—SpPCemta

A—this—seetien—Fhe results are

a) No development of an opening larger than that acceptable in accordance with Accessibility
of Live Parts, Section 10.

b) No effect on the performance of the product so as to introduce an additional risk of fire,
electric shock, or injury to persons.

c) No exposure of a moving part to unintentional contact that may result in injury to persons.


https://ulnorm.com/api/?name=UL 469 2013.pdf

82 MUSICAL INSTRUMENTS AND ACCESSORIES - UL 469 NOVEMBER 3, 2006

55.2 Enclosure-loading test

55.2.1 The overall enclosure of a portable product weighing more than 10 pounds (4.5 kg) shall be
subjected for 1 minute to the loading test specified in 55.2.2.

55.2.2 The complete product is to be set on a 2-inch (50.8-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 times the weight of the product in pounds (kg) plus 4 pounds (1.8 kg) is to be placed on top of the
product, directly over the steel ball. Rubber-like and felt materials are to be removed from supporting feet
to the extent that they are likely to be worn off in normal service. Supporting feet that are not permanently

secured to the enclosure are to be removed.

55.3 Pressur

55.3.1 The p
including grille
(89 N) for 1 m
rounded to a
enclosure sur

Exception: T]
involve a risk

55.3.2 Any pd
shall be subje

55.4 Impact t

55.4.1 A prod
exposed to a

55.4.2 The i
weighing ap
(1.3 m) to strik
is to be susp¢q
of 51 inches
manufacturer

pToximater 1.18 pounds (535 g), to fall vertically from rest through a distanct

+ +
Colt

oduct shall comply with the requirements in 55.1.1 after any point on théyove
s and other nonrigid surfaces, other than the bottom, is subjected to asforce
inute. The force is to be applied by a 1/2-inch (12.7-mm) diameterred, the €
1/2-inch-diameter hemisphere. The force is to be applied nofmal to the
ace.

e rod may pass through a grille or other nonrigid surface’ if parts inside the
of electric shock are acceptably insulated and no moving part or risk of fire |,

int on the bottom of the overall enclosure of a preduct weighing 10 pounds (
cted to a 1-minute application of a force of 15\pounds (67 N) as specified in

pSt

uct not normally hand supported-shall be subjected to an impact on any
blow during normal use.

pact is to be produced-by~allowing a steel sphere, 2 inches (50.8 mm) in

e the surface being tested. For surfaces other than the top of an enclosure, th
nded by a cord and*allowed to swing as a pendulum, dropping through a ve
The test is toJbe conducted with or without any attachments recomm
n place so<asto result in the most severe condition.

rall enclosure,
of 20 pounds
nd of which is
plane of the

enclosure that
5 involved.

1.5 kg) or less
55.3.1.

surface that is

diameter and
b of 51 inches
e steel sphere
rtical distance
ended by the

55.4.3 If the ¢nclosure/or guard mentioned in 29.3 is made of a polymeric material, the impact test is to

be performed

onthe samples in the as-received condition.
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55.5 Back-cover-bending test

55.5.1 The back cover of an overall enclosure of pressed wood or similar material used to render parts
involving a risk of electric shock inaccessible, shall be subjected to a bending moment of 5 pound-feet (6.8
N-m). No part of the cover that is relied upon to reduce a risk of fire, electric shock, or injury to persons
shall be permanently damaged.

55.5.2 The bending moment applied to the back cover is to be obtained by the apparatus illustrated in
Figure 55.1. An edge or a corner of the part to be tested is to be inserted to make contact with the vertical
edges of the two side pieces of the device. A downward force is to be applied, in a direction perpendicular
to the part, to the opposite edge of the part at a point directly opposite the device. The force is to be
gradually increased until the weight of the device is lifted.

Figure 55.1
Apparatus for bending test
- APPLIED FORCE :
/ L INCH (12.7mm).DIAYROD |
¢ ¢ | ! :
C {1 £ T —_——/ |
|
! |
3 INCH (12.7mm) | | WEIGHT
oia{ RoDS | l
3 INCHES —==
(76.2mm) SIDE VIEW
INCH (9.5mm)
n=q-—------
([ T ] ¥
Lo ]
Q o WEIGHT | 2|g INCHES
: : (p7.2mm)
| |
|—d = =
I PN 4
PRODUCTION SAMPLE UNDER TEST
INCH
TOP VIEW (9.5mm)
SB075

55.6 Drop test

55.6.1 Each of three samples of a product that is normally hand supported shall be subjected to the
impact that results from the product being dropped through a distance of 3 feet (914 mm) to strike a
hardwood surface in the positions most likely to produce adverse results.
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55.6.2 The hardwood surface mentioned in 55.6.1 is to consist of a layer of nominal 1-inch
tongue-and-groove oak flooring mounted on two layers of nominal 3/4-inch thick plywood. The assembly
is to rest on a concrete floor or the equivalent during the test.

55.6.3 The test is to be conducted so that each sample strikes the surface in a position different from
those of the other two samples. Three individual samples may be employed for the tests, or if the
manufacturer so elects, fewer samples may be used in accordance with Table 55.1. The overall
performance is acceptable upon completion of any one of the procedures represented in the table. If any
sample does not comply with the test criteria on its first drop in any of three positions, the results of the
test are unacceptable.

Table 55.1
Procedure for drop test on hand-supported products

Sample Number
Drop
Number 123 123 123 123

z
C = >
P2
c
>
z

> ==z

>¢—>¢\—\z
-
<\_\

z
z
c

SA1162B

Arrows indicate spquence of test procedure.
A — Acceptable r¢sults from impact
U — Unacceptablg¢ results from impact

N — No test necefsary

55.7 Handle-strength test

55.7.1 A handle used to support or carry a portable product shall withstand a force of four times the
weight of the product. The handle, its securing means, or that portion of the enclosure to which the handle
is attached shall not be damaged as a result of the test.

55.7.2 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 over a 3-inch (76-mm) width at the center of the handle,
without clamping. The load is to be started at zero and gradually increased so that the test value is
attained in 5 — 10 seconds and maintained for 1 minute. If more than one handle is furnished on the
product, and the product cannot be readily carried by only one handle, the force is to be distributed
between the handles. The distribution of forces is to be determined by measuring the percentage of the
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product weight sustained by each handle with the product in the normal carrying position. If a product is
furnished with more than one handle but can be carried by only one handle, each handle is to sustain the

total force.

55.8 Enclosure temperature-stability test

55.8.1 An enclosure of polymeric material shall withstand one of the temperature-stability conditions
described in 55.8.2 without shrinkage, warpage, or any other distortion of the enclosure, as determined
after cooling to room temperature, that results in any of the following:

a) Interference with the operation or user servicing of the product. Component parts such as
knobs, windows, and inserts that are distorted as a result of the oven and temperature-stability

of the
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b) O
Live H

55.8.2 The te
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a 130
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enclosure, measured at the hottest spot on_the’inside of the enclosure, undg
ing conditions, but not less than 70°C (158°%F). The product is not to be ope
51

tample of the complete product is<t0°be placed in a cubical, unvented test ce
e not less than 40 times that of ‘the product and arranged so that the air circ

se of the product, is to peumaintained at 60°C (140°F). The product is to be
volt (260 volts for a product rated at a nominal 230 volts) supply circuit and

uously under the conditions described in the Temperature Test, Section 39,

resting on a supporting surface having an area approximately equal to that @
and centrally located in the test cell.

th the above
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be conducted
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56 Stability Tests

56.1 A portable product weighing 10 pounds (4.5 kg) or more and not normally hand supported shall not
tip over when placed on a plane that is inclined 10 degrees from the horizontal. See 56.3.

56.2 A stationary product shall not tip over when subjected to an externally applied horizontal force of 20
percent of the weight of the product or 25 pounds (11.3 kg), whichever is less, as described in 56.3 and
56.4.

56.3 The product is to be placed on a smooth, hard surface and is not to be energized during the tests
required by 56.1 and 56.2. The tests are to be conducted under the conditions most likely to cause the
product to overturn. The following conditions of test are to be such as to result in the least stability:

a) Pasition of all adjustable or movable parts, such as doors, drawers, or casters;
b) Supply cord and output leads resting on the supporting surface;

c) Provision for or omission of any normal mechanical load in the prodtct, such a$ stored parts;
and

d) Difection in which the product is tipped.

56.4 For the test required by 56.2, the specified force is to be applied in a horizontal directign to that point
on the product most likely to overturn the product but is not taxbe applied more than 5 feet|(1.5 m) above
floor level. The legs or points of support may be blocked_to prevent the product from sliding during the
application of [the force.

57 Exposure fo Rain Test

57.1 After conpditioning as specified in 57.3, the)leakage current of a product that may be subjected to rain
or moisture a$ specified in 11.1 shall not be-more than 0.5 milliampere when tested for Igdakage current
in accordancqg with 36.1.1 — 36.1.9, if~thie”open-circuit potential between the accessible part and earth
ground or any] other accessible part issmore than 21.2 volts peak.

57.2 Before the test is started{ the resistivity of the water is to be no more than 3675 ohm-centimeters
measured at 25°C (77°F). At.the conclusion of the test, the resistivity of the water is to be[no more than
3800 ohm-cerntimeters at«25°C.

57.3 The prodluct is‘te-be positioned as in actual service and is to be subjected for 1 hour 4 not operating
— to a water|spray: The water-spray equipment is to consist of three spray heads mounted in a
water-supply piperack as illustrated in Figure 57.1. The spray heads are to be constructed fin accordance
with the details shown in Figure 57.2. That part of the product most likely to permit the entrance of water
is to be placed in the focal area of the spray heads. The water pressure is to be maintained at 5 pounds
per square inch (34 kPa) at each spray head. The spray is to be directed at an angle of 45 degrees to the
vertical toward the product. The leakage-current test is to be conducted immediately upon conclusion of
the wetting period and is to be discontinued when the leakage current stabilizes.
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