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INTRODUCTION

1 Scope

1.1 These requirements cover power-operated audio equipment and accessories, rated 300 volts or less,
that are intended for use in commercial enterprises or establishments and other locations such as
churches, schools, theaters, and factories. This equipment is for use on supply circuits in accordance with
the National Electrical Code, NFPA 70.

1.2 Commercial audio equipment includes amplifiers, preamplifiers, mixers, signal processors, public
address and centralized sound systems, intercommunicating devices and systems, phonographs, tape
players, and recorders, radio receivers, tuners, and tuner-amplifiers, power supplies intended for use with

commercial sq

1.3 These req
erasers and h

1.4 These red
this standard

a) Di
b) My

¢) Ho
and

d) Anpateur radio equipment.

1.5 A product
from those co
or injury to
requirements
product whos
requirements
shall be propo
implementatio|

pad demagnetizers.

such as:

usehold type amplifiers, tuner-amplifiers, phonographs, radio receivers, and

to maintain the level of-safety as originally anticipated by the intent of th

br provisions of this standard does not comply with this standard. Revision o
sed and adoptedjin conformance with the methods employed for developmen
h of this standard.

Al + il o ff + HS Aot 1 L ]
Uliu Oy ottTlTlo, oprLLial TITTULO UTIHS, AlTu it yrdr At "o TANCT O,

uirements also cover accessories for use with commercial audio equipment

uirements do not cover equipment that is covered by individual requirements

tating and transcribing machines for office use;

sical instruments and accessories for non-professional use;

that contains features, charactéristics, components, materials, or systems n
ered by the requirements in‘this standard, and that involves a risk of fire or of
ersons shall be evaluated” using appropriate additional component and

e features, characteristics, components, materials, or systems conflict

1.5 revised December 7, 1999

such as tape

separate from

ecorders;

pw or different

electric shock
end-product

s standard. A

with specific
requirements
, revision, and
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2 General

2.1 Compone

nts

2.1.1 Except as indicated in 2.1.2, a component of a product covered by this standard shall comply with
the requirements for that component. See Appendix A for a list of standards covering components
generally used in the products covered by this standard.

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

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

b) Is

2.1.3 A comp
use.

2.1.4 Specifi
capabilities. {
temperatures

2.2 Units of measurement

2.2.1 When 4
value is the re

2.2.2 Unless

root-mean-sqyare (rms).

2.3 Undated

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

be interpreted

superseded by a requirement in this standard.

C components are incomplete in construction features_orvestricted in
uch components are intended for use only under limited conditions, su
hot exceeding specified limits, and shall be used onlyunder those specific ¢

value for measurement is followed by a valuesin other units in parentheses,
quirement.
otherwise indicated, all voltage.and current values mentioned in this

eferences

as referring to theatest edition of that code or standard.

pnent shall be used in accordance with its rating established for the intended conditions of

performance
ch as certain
bnditions.

the first stated

standard are

standard shall
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3 Glossary

3.1 For the purpose of this standard the following definitions apply.

3.2 CORD-CONNECTED EQUIPMENT — Equipment intended to be connected to the supply circuit by
means of a flexible cord.

3.3 FIBER —

Where the term "fiber” is used, vulcanized fiber is meant.

3.4 HAZARDOUS ENERGY - Circuit energy that involves a possible source of fire or electric shock.

3.5

o £ I
H TUT Aol

INSULATION, FUNCTIONAL — The insulation necessary for the intended functioning of the

equipment an

3.6 INSULAT
electrical qual

+ di H + [l ot [ [l
L MTULTLLHUTNT aydifiot TITUUTL OTTUUN.

[ION, REINFORCED — An improved functional insulation with such mecChanic
ties that it, provides the same degree of protection against electric.shock as

system compiised of both functional insulation and supplementary insulation.

3.7 INSULAT
addition to thdq
insulation.

3.8 INTERL(
accessible wh

3.9 LIVE PA

3.10 ORDIN

3.11 POWER

[ION, SUPPLEMENTARY (PROTECTIVE) — An independentinsulation provi

DCK — A device that automatically eliminates electrical shock from a part tha
en the enclosure of the part is opened or a coveris removed.

RT — A part involving a possible source gfire or electric shock.
ARY TOOL - Flat-bladed and Phillips>screwdriver and pliers.

AMPLIFIERS — Equipment capable of sufficiently increasing the amplitude d

low level elecfric audio signal to drive a speaker. Equipment may be portable, rack mountg

permanently i
speaker(s).

nstalled, with output terminals for connection to speaker loads, or with self cq

al and
an insulation

ded in

functional insulation to protect against electric shock in case of failure of the functional

becomes

r power of a
d, or
ntained
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3.12 PRIMARY CIRCUIT — Circuit that is conductively connected to the supply circuit.
3.13 RACK MOUNTED EQUIPMENT — Equipment that is provided with means for rack mounting.

3.14 SECONDARY CIRCUIT — Circuit that is conductively connected to the secondary winding of an
isolating transformer.

3.15 SIGNAL PROCESSING UNITS — An amplifier or other equipment connected to a low level audio
signal source to present required input and output impedances and provide equalization, buffering,
isolation, mixing, or gain so the signal may be further processed.

CONSTRUCTION

4 General

4.1 The equipment shall be constructed so that:
a) Intended use and user servicing does not result in a risk of fire, €lectric shogk, or injury to
persofs;
b) The materials and components are used within their electrieal, mechanical, and temperature
limits;|and
c) The assembly protects the components and wiring\from being displaced or danpaged.

4.2 The matefials and components referred to in 4.1 anddn other requirements are those ihvolving a risk

of fire, electriq shock, or injury to persons and are sp, considered unless specifically indicaed otherwise.
4.3 A transfo
construction r

Radio-, and T

rmer that is intended to be connected across the supply circuit shall co
pguirements in the Standard fef-Transformers and Motor Transformers for
blevision-Type Appliances, UL-1411.

mply with the
Use in Audio-,

5 Enclosures

5.1 General

5.1.1 Equipm
and live parts,

ent shall bewprovided with an enclosure that houses all vacuum tubes, moto
other than“cords and cables, that involve a risk of fire or electric shock. The 6

constructed s¢ that it'will protect the various parts of the equipment against mechanical dg

5.1.2 Equipm

r driven parts,
nclosure shall
mage.

bt shall be formed and assembled so that it has the strength and rigidity nece

ssary to resist

the abuses to which it might be subjected, without increasing the risk of fire, electric shock, or injury to
persons due to total or partial collapse with resulting reduction of spacings, loosening or displacement of
parts, or other serious defects.

5.1.3 The bottom shall be complete so as to protect all electrical parts. When evaluating the bottom of
movable equipment, consideration shall be given to the possibility of the equipment being placed on
objects that might damage wiring or other electrical components.
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5.1.4 The enclosure of permanently connected equipment shall be constructed of metal.

Exception: Panel meters or other polymeric parts may serve as part of the required enclosure defined in
5.1.8 if they are found to be in accordance with the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C.

5.1.5 The thickness of a sheet metal enclosure shall be as indicated in Table 5.1.

5.1.6 The minimum thickness of cast metal shall be in accordance with Table 5.2.

5.1.7 The thickness of a wooden enclosure shall be no less than 1/2 inch (12.7 mm) for those portions of
the enclosure that serve as a supporting frame for equipment weighing 10 pounds (4.54 kg) or more.

Exception No
determined to|

Exception No
structural mer

5.1.8 A polyni
the Standard

a) Re
injury

b) Re

5.2 Corrosion

1: The thickness of a wooden enclosure may be thinner than 1/2 inch if in
provide equivalent strength.

2: Those portions of a wooden enclosure that do not serve asha-support
hbers of the frame may be 1/8 inch (3.2 mm) thick.
or Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C,

nder inaccessible all or any parts that may otherwise present the risk of ele
to persons or

resistance

5.2.1 Iron and steel parts shall be resistant to-corrosion by means of enameling, galvaniz

the equivalen
persons.

Exception No
due to:

a) Th
b) Th

A surface of

if the corrosion of such parts would result in a risk of fire, electric shoc

1: In certain instances where the oxidation of iron or steel is not likely to |

e exposuresofithe metal to air, moisture, and temperature and

e thickness of metal.

estigated and

of parts or as

eric enclosure or part of an enclosure used on cord-connécted equipment shall comply with

when used to:

ctric shock or

duce the risk of propagation of flame initiated’by electrical disturbance within the equipment.

ng, plating, or
K, or injury to

be appreciable

) be corrosion

sheét metal or a cast iron part within an enclosure may not be required t

resistant.

Exception No. 2: The requirement does not apply to bearings, laminations, or minor parts of iron or steel,

such as wash

ers and screws.
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Table 5.1
Minimum thickness of sheet metal

Steel Copper, brass, or aluminum
Maximum dimensions of With supporting frame or With_
enclosure Without supporting frame equivalent reinforcing ) supporting
Without frame or
Length or supporting equivalent
width, Area, Zinc coated, Uncoated, 4inc coated, Uncoated, frame, reinforcing,
inches  (m) inches 2 (m2) inch  (mm) inch mm) Jinch (mm) i#ch (mm) igch (mm) ingh (mm)
12 0.30 90 0.06 | 0.036 | 0.91 0.032 | 0.81 [0.0252] 0.64 |0.0213| - 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 | 0.046 | 1.14
24 0.61 | 360 | 0.23 | 0.057 | 1.45 0.054 ]11.3710.046| 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 | 241 (| 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 Over ||Over | Over | 0.127 | 3.23 0.124 | 3.15 | 0.057 | 1.45 | 0.054 | 1.37 | 0.153][-3.89(| 0.075 | 1.91
60 1.52 |]|1500 | 0.97

@ Sheet steel fo
and not less tha

an enclosure intended for outdoor use (raintight) shall not be less than 0.036 inch ‘in thickness

N 0.032 inch in thickness if uncoated.

if zinc coated
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Table 5.2
Minimum thicknesses of cast metal

At base of threads, at small, flat, unreinforced
surfaces and at surfaces that are reinforced
by curving, ribbing, and the like (or are
otherwise of a shape or size) to provide

physical strength,

At relatively large unreinforced flat surface,

Metal inch (mm) inch (mm)
Die-cast metal 3/64 1.2 5/64 2.0
Cast malleable iron or 1/16 1.6 3/32 2.4
permanent mold cast
aluminum
Other cast meta 3/32 2.4 1/8 3.2

6 Mechanical

6.1 A switch,
mounted secu

Exception No
the following ({

a) Th

considlered to be subject to forces that to turn thesswitch during the intended of

switch
b) Th
c) Th

d) Int
perso

Exception No
indicator light
if rotation can

Assembly

lampholder, attachment-plug, pressure wire connector, or similar compd
rely and shall be made resistant to turning.

1: The requirement that a switch be made resistant to turning may be waivj
fonditions are met:

e switch is a plunger or other type that does not rotate when operated. (A t
).
e means of mounting the switch makes»it unlikely that operation of the switc
b spacings are not reduced below the minimum acceptable values if the swil

ended operation of the switch is by mechanical means rather than by dir
ns.

2: A lampholder_.af.a'type in which the lamp cannot be replaced, (such as
Wwhere the lampris-sealed in by a nonremovable jewel) need not be made resij
ot reduce spacings below the minimum acceptable values.

6.2 The mea
For example,

device that hgs_a\sihgle-hole mounting means resistant to turning.

s for tdrn resistance specified in 6.1 is to consist of more than friction betw
lock:washer may be used as the means for making a small stem-mounted §

nent shall be

ed when all of

Dggle switch is
eration of the
h loosens it.
ch rotates.

pCct contact by

h neon pilot or
btant to turning

een surfaces.
switch or other

7 Supply Connections — Permanently Connected Equipment

7.1 General

7.1.1 Permanently-connected equipment shall be provided with means for permanent connection to the
primary-circuit power. Cord connected equipment that is intended to be fastened in place or located in a
dedicated space shall be provided with means for permanent connection to the primary-circuit power,
unless connection by means of a supply cord is necessary to facilitate the interchange of units; or removal
is necessary for maintenance and repair, in which case, the shortest feasible length of cord shall be used.
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7.1.2 A unit intended for permanent connection to the branch circuit shall have provision for such
connection.

7.1.3 A sheet-metal member to which a wiring system is to be connected in the field shall have a
thickness not less than 0.032 inch (0.81 mm) if of uncoated sheet steel, not less than 0.034 inch (0.86
mm) if of galvanized sheet steel, not less than 0.044 inch (1.11 mm) if of sheet aluminum, and not less
than 0.043 inch (1.09 mm) if of sheet copper or sheet brass.

7.1.4 A terminal box or compartment shall be provided in which branch-circuit connections to a
permanently wired unit are to be made and shall be such that these connections can be readily made and
inspected without disturbing the wiring or the unit after the unit is installed as intended.

7.1.5 The VO:JIIIC Uf A flC:d VV;I;IIU bumpaltlllcl It PIUVIdCd vv;th plutou: :Cado fUI \.’UIIIIU\Jt;UI tO the Supply
wiring shall ngt be less than indicated in Table 7.1.

Table 7.1
Minimum size of field wiring compartment

Size of lead, Wire space within eormpartment for eachl|lead,
AWG (mm?2) inches 3 enf?®)
14 2.1 2 328
12 3.3 225 369
10 5.3 25 4110
B 8.4 3 492
b 13.3 5 8149

7.1.6 A pigtail lead shall be no more than two wireisizes smaller than the copper supply conductor to
which it will bx connected. For example, if 14 AWG(2.1 mm?) supply conductors will be uged, the pigtail
leads provided shall not be smaller than 18 AWG (0.82 mm3).

7.6 revised May 7, 2010

7.1.7 No elegtrical component shall{be" mounted on a part, such as the cover of a wiring terminal
compartment,|that must be removed for the connection or inspection of field wiring.

Exception: This requirementdoes not apply to a unit in which the power supply circuit wirels are intended
to be connected to an attachment plug receptacle.

7.1.8 A termipal compartment intended for the connection of a supply raceway shall be gttached to the
unit so that it |s resistant to turning.
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7.2 Separatio

n of circuits

7.2.1 Field installation conductors of any circuit shall be separated by barriers from:

a) Field- and factory-installed conductors connected to any other circuit, unless the conductors

of bot

h circuits are insulated for the maximum voltage in either circuit; and

b) An uninsulated part of any other circuit in the unit and from any uninsulated live part, the

short-

circuiting of which results in a risk of fire or electric shock.

7.2.2 Separation of some field-installed conductors from others and from uninsulated live parts connected
to different cwcuns can be accomphshed by arranglng the openlngs in the enclosure for the various

conductors (re
conductors, of parts of different circuits, can be mtermlngled If no more openings are’p
enclosure tham are necessary for proper wiring of the unit and each opening is opposité\a s
it is to be assyimed in determining compliance with 7.2.1, that conductors entering the enc
any such opehing will be connected only to the terminals opposite that opening=’If more|

provided in th

determining d

enclosure than are necessary for the intended wiring of the unit, it is to b
ompliance with 7.2.1 ) that conductors will enter the enclosure through

efihood that the
rovided in the
et of terminals,
osure through
openings are
b assumed (in
openings not

opposite the terminals for which they are intended to be connected, ané ntay touch insulated conductors

and uninsulatg

7.3 Wiring tefqminals

7.3.1 Permal
connection of
terminal shall
held by a scrq

Exception: A
(5.3 mm@) or s
A fixed wiring

7.3.2 A field-
friction alone.

7.3.3 A wire-inding\serew shall not be smaller than No. 10 (4.8 mm diameter).

d live parts of other circuits.

ently connected equipment shall be provided with wiring terminals or

be provided with a soldering lug or an_acceptable pressure wire connector, f
w.

wire-binding screw may be used’at a wiring terminal intended to accommod)
maller conductor if an upturped Iug or the equivalent is provided to hold the w
terminal shall be prevented-from turning.

7.3.1 revised May 7, 2010

viring terminal shall ‘be prevented from turning or shifting in position by mea

For example, two screws or rivets, square shoulders or mortises, dowel ping,
connecting stifaps or clipsifitted into an adjacent part, or some similar method may be use

leads for the

conductors having an ampacity no less than the current rating of the equipment. A wiring

rmly bolted or

ate a 10 AWG
ire in position.

ins other than
lugs, offsets,
i

Exception: A

No. 8 (4.2 mm diameter) machine screw may be used at a terminal intends

bd only for the

connection of a 14 AWG (2.1 mm?) conductor, and a No. 6 (3.5 mm diameter) screw may be used for the

connection of

a 16 or 18 AWG (1.3 or 0.82 mm?) conductor.
7.3.3 revised May 7, 2010

7.3.4 A 14 AWG (2.1 mm?) is the smallest conductor that is to be used for branch-circuit wiring and thus
is the smallest conductor that is to be anticipated at a terminal for connection of a branch-circuit conductor.

7.3.4 revised May 7, 2010
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7.3.5 A terminal plate for a wire-binding screw shall be of metal not less than 0.050 inch (1.27 mm) in

thickness and

shall have not less than two full threads in the metal.

7.3.6 A terminal plate formed from stock having the minimum required thickness as given in 7.3.5 may
have the metal extruded at the tapped hole for the binding screw so as to provide two full threads.

7.3.7 An upturned lug or a cupped washer shall be capable of retaining a supply conductor as described
in 7.3.1, but shall be not smaller than 14 AWG (2.1 mm?), under the head of the screw or the washer.

7.3.7 revised May 7, 2010

7.3.8 The free length of a lead inside an outlet box or wiring compartment shall be 6 inches (152 mm) or
more if the lead is intended for field connection to an external circuit.

7.3.9 Perman
terminal or les

7.3.10 If alan
shall be conn
automatic con

Exception: A
grounded con)|

7.3.11 The pl
provided with
if the unit or ¢
side of the pld

7.3.12 A field
identified by
distinguishabl
grounded con
If wire leads &
be easily disti

7.3.13 The di
enclosure tow
shall be as ing
lies outside of

ently connected equipment rated at 125 or 125/250 volts (3-wire) or less_s
d identified for the connection of the grounded circuit conductor of the-power

npholder is provided, the identified terminal or lead specified in 7.3!8 and desc|
bcted to the screw shell of the lampholder. A fuse or single-polé-switch, circ
trol shall not be connected to the identified grounded conductor.

single-pole automatic control without a marked off position may be con
pluctor.

an attachment plug for supply connection to_areceptacle that is part of the e
hassis has an Edison screw shell lampholder or a single-pole switch connect

g.

wiring terminal intended for the coAnection of a grounded neutral supply con

hall have one
supply circuit.

ribed in 7.3.11
it breaker, or

nected to the

ig and receptacle shall be polarized if a unit or«chassis within a rack or similar enclosure is

quipment, and
pd on the load

Huctor shall be

means of a metallic coating«that is substantially white in color and shall be easily

b from the other terminals; eriproper identification of the terminal for the cor
uctor shall be clearly shewnin some other manner, such as on an attached v
re provided instead of terminals, the identified lead shall have a white or gray
hguishable from the _other leads.

7.3.12 revised May 7, 2010
Stance between any pressure terminal connector intended for field wiring and

icatedNin“Table 7.2. However, the spacings may be less where the wall or ot
thé.area occupied by the conductor that is bent or deflected to a radius ng

nection of the
iring diagram.
color and shall

the wall of the

ard which the conductor is directed or through which the conductor may be intended to pass

er obstruction
less than the

in-Table 7.2.

distance giver|



https://ulnorm.com/api/?name=UL 813 2013.pdf

14

COMMERCIAL AUDIO EQUIPMENT - UL 813

MAY 7, 2010

Table 7.2
Minimum wire bending space

Size of wire, Minimum bending space terminal to wall,

AWG (mm?2) inches (mm)
14 - 10 21-53 Not specified

8-6 8.4-133 1-1/2 38.1

4-3 21.2 -26.7 2 50.8

2 33.6 2-1/2 63.5

1 42.4 3 76.2

8 Supply Connections — Cord- and Plug-Connected Equipment

8.1 General
8.1.1 Cord-cd

8.1.2 Cord-cd
electric shock

8.1.3 Cord cd
64.10.1 and 6

8.1.4 The cor
setting cannot

8.1.5 Ifthe eq
the user, the
indication.
8.1.6 Equipm
indication of
information.
8.2 Power su

8.2.1 The am

8.2.2 A powe
For example,

nnected equipment provided with an input voltage selector shall not create 4
when tested in accordance with 48.1.14 (e).

nnected equipment shall be provided with instructiaris’and be marked in ag
1.11.1.

struction of the supply circuit voltage selectarshall be such that the supply

be changed unintentionally.

hction of changing the voltage selegter setting shall also change the supply

oltage to which the equipment is set is externally visible in the area adjacer

bply cords and/cord sets

pacity of thecord shall be no less than the marked rating of the equipment.

an\appliance wiring material construction that has been determined to be

-

nnected equipment shall be provided with a length of flexible cord and an attachment plug.

L risk of fire or

cordance with

circuit voltage

uipment is constructed so that the supply circuit voltage selector setting can e changed by

circuit voltage

Nt that can be set to differént rated supply circuit voltages shall be construcfed so that the

t to the rating

- supply:cord or cord set shall be one of the types indicated in Table 8.1, or the equivalent.

equivalent to

v DT 9 ~nvd oy ha piend 1 Aannbiaatiane vyhara Nan bntanral Thna

Non-Integral
specified.

DA A AL =

Revised 8.2.2 effective December 1, 1998

CUTOU Ty DT UoCT U T QP pPITocTotioTTsS vwwiTe T Yo it yrar TypP© D

PT-2 cord is
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Table 8.1
Types of power supply cords intended for use

Revised Table 8.1 effective December 1, 1998

Maximum length,
Equipment Type of cord feet (m)

Amplifiers@, general use Non-Integral SPT-2, SV, SVT, 10 3.1

SVE

SJ, SJT, SJE 25 7.6
Amplifier speakers SJ, SJE, SJT 25 7.6
Intercommunication systems Non-Integral SPT-2, SV, SVE, 10 3.1

SVT
Public address gystems Null-ilucglc\: SPF -2, S‘V', SV 46 A

SVT

SJ, SJE, SJT 25 [.6
Sound systemst SJ, SJE, SJT 25 [.6
Phonographs, tgpe players, Non-Integral SPT-2, SV, SVE, 10 1
and recorders SVT

SJ, SJE, SJT 25 [.6
Tape erasers arjd head Non-Integral SPT-2, SV, SVE, 10 1
demagnetizers SVT
& ncludes mixefs, preamplifiers, power supplies, radio tuners, and other equipmertthat is used in conjunction with an amplifier.
b A sound systefm may be comprised of a number of different components (amplifier, tape recorder, record changer, radio
tuner, and the like) as may be found in a school sound system or a language teaching system.

8.2.3 20 AW(
8.2.2 when:

a) Th
b) Th
c) Ov
SO as
8.2.4 The len
specified in 8.

8.2.5 The len

b conductors may be employed in appliance, wiring material constructions as

e appliance is rated 2.0 A or 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.

8.2.3 revised May 7, 2010

gth of the card-shall not be more than the value shown in Table 8.1 and
D.6.

pth of-the cord shall not be less than 5 feet (1.52 m).

referenced in

d connected

not less than

Exception: E
available adja

'qlli’nmpnf clnpr‘ifi(‘nlly intended _for use in a laocation where a power recd
cent to the equipment may use a cord shorter than that specified.

ptacle will be

8.2.6 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 equipment. The length of a cord set is to be measured from the

face of the att

achment plug to the face of the appliance coupler.
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8.3 Appliance coupler

8.3.1 An appliance coupler used as part of a separable cord set shall be constructed so that the appliance
coupler cannot readily be used to defeat the conventional interlock device.

8.3.2 The conventional interlock device referred to in 8.3.1 has nominally 3/32 inch (2.4 mm) diameter
pins, spaced 5/16 inch (7.9 mm) apart, measured between pin centers.

8.4 Cord strain relief

8.4.1 The power supply cord shall be attached to the equipment so that a mechanical strain on the cord
leaving the overall enclosure cannot:

a) Be
b) Se
c) D4
8.5 Cord pus

8.5.1 The po
pushed inside|

a) Th
assigf

b) Th

c) Th
a straj

d) Th

transmitted to terminals, splices, or interior wiring;

parate an interlock connector from the part of the equipment to which it is at
mage an interlock so that it does not perform its intended function.

n-back relief

ver supply cord or leads shall be provided with a¢mheans that prevents the
the enclosure if, when pushed inside, any of thefollowing occurs:

e insulation of the cord or leads is subjected to temperatures or voltages ab
ed ratings,

e cord or leads contact a sharp edge>0r moving part that could damage the

b cord or leads displace a part«fesulting in reduction of spacings in hazardou
n on internal connections, or

e cord or leads remain inside the equipment enclosure and cannot be retriey

equipment is marked in aceordance with 65.1.1.

[«

u

Exception:
evaluated is

To determine
Test, Section

ubitem (d) does not apply when a separate cord storage compartment
rovided.

compliance with this criteria, the cord (or leads) shall be subjected to the Py
B4,

fached; or

m from being

ve the

nsulation,

S circuitry or

ed when the

hat has been

shback Relief

8.5.1 revised December 13, 1996
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8.6 Cord-bearing surface

8.6.1 If a knot in a power supply cord serves as strain relief, the surface against which the knot may bear
or with which it might come in contact shall be free from projections, sharp edges, burrs, fins, and the like
that cause abrasion of the insulation on the cord.

8.7 Cord and

wire routing

8.7.1 A separate flexible cord or wire that is not connected in the supply circuit or that does not involve
a risk of fire or electric shock shall not be routed through a bushing or opening with the power supply cord

at a point of fl

8.8 Attachme

exure.

8.8.1 The attd
ratings. It shal
and at a voltal
two or more d
with the equi
connected wh

8.8.2 The att{
general-use ¢
supply cord @
grounding typ

8.8.3 The suq

a) Th
groun

b) Th
the gn

8.8.4 When 4
than an auton

an interlock, gnd a manual on-off switch with a marked off position shall be connected to th

side of the lin

+ 1
LLY 'JIUU
chment plug shall have an American Standard configuration of pins and Ame

je equal to the rated voltage of the equipment. If the equipment can-be adap
fferent supply voltages by means of an input voltage selector, the_attachment
bment shall be acceptable for the voltage for which the “eguipment is ir
en it is shipped from the factory.

hchment plug of the power supply cord of equipmént provided with a 15-
bnvenience receptacle shall be a 3-wire grounding/type. The attachment plu
f all other equipment that is not required to-be grounded shall be polar

a)

ply cord polarity of a 3-conductor cord shall be identified as follows:

e line conductor shall be black, thedidentified (neutral) conductor shall be wh
Hing conductor shall be green,sor

e line conductor shall be-brown, the identified (neutral) conductor shall be lig
punding conductor shall*be green with one or more yellow stripes.

Revised 8.8.3 effective December 1, 1998

polarized attachment plug is used, a fuseholder, an overcurrent protective
atic controlwithout a marked off position), the center contact of an Edison bas

e whenwused in the primary circuit.

ican Standard

be a type intended for use with a current no lower than the rated current for the equipment,

ted for use on
plug provided
tended to be

or 20-ampere
y of the power
zed or of the

te, and the

ht blue, and

device (other
e lampholder,
e ungrounded
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8.9 Bushings

8.9.1 At the point at which a supply cord passes through an opening in a wall, barrier, or the overall
enclosure, there shall be a bushing or the equivalent that is secured in place and that has a smooth,
rounded surface against which the cord can bear. If a cord other than Type S, SE, SO, ST, STO, STOO,
SJ, SJE, SJO, SJOO, SJT, SV, SVE, SVO, SVOO, SVT, SVTO, or SVTOO is used and the wall or barrier
is of metal, an insulating bushing shall be provided.

8.9.2 When the exit for the cord is wood, wood composition, or an insulating material, a surface free of
fins, burrs, and the like is considered similar to a bushing.

8.9.3 Ceramic, porcelain, and phenolic materials and some molded compositions are not prohibited from

being used fo

Exception: A
no less than

grease, oily v,
used in a holg
like, which arg

8.9.4 Fiber is
mm) thick andg
Sheet fiber ng

8.9.5 A bushi
appliance wiri
SPT-2 cord, 0
thick at the pag

8.9.6 An insu
insulating matf]

H [P [N L (el + L [P £ <l Ll + 4 L
mouiatinty vuotiiiiyo. It pydratltc vuotiiiygo U wWwuUuUu Ul TUUDTT ArTt TIUL U VT Uo

soft rubber bushing is capable of being used in the frame of a motor. when

B/64 inch (1.2 mm) thick, and when the bushing is located so that.it is’not §
hpor, or other substance having a harmful effect on rubber. Whem.a-soft rubj
in a metal motor frame, the hole shall be free from sharp edges, burrs, proje
b capable of cutting into the rubber.

not prohibited from being used when the finished bushing is not less than
is formed and secured in place so that it is not adversely affected by ordi
t less than 0.028 inch (0.71 mm) thick is capable ©f being used under the sa

hg of the same material as and molded integrally with the supply cord is acg
g material construction that has been determined to be equivalent to Non
[ heavier cord or wiring material when the built-up section is not less than 1/16
int at which the cord passes throughzthe enclosure.

Revised 8.9.5 effective December 1, 1998

ated metal grommet is capable of being used in place of an insulating bus
erial used is not less than\1/32 inch (0.8 mm) thick and completely fills the s

the grommet and the metal in which.the grommet is mounted.

9 Audio Outp

9.1 An amplif
as described

a) Me

it Connections

er or similar.equipment having an audio output potential greater than 300 vol
n 43.2 shall"be provided with one of the following to permit connection of the

ans, for connection of conduit complying with 7.1.2 — 7.1.8, and wire-binding

d.

the bushing is
bxposed to oil,
ber bushing is
Ctions, and the

3/64 inch (1.2
hary moisture.
me conditions.

eptable on an

-Integral Type
inch (1.6 mm)

hing when the
pace between

s when tested
output circuit:

screws, No.

6-32

3.5)mm diameter) or larger, quick-connect terminals, or leads. When wire-bipding screws

are provided, the terminals shall comply with the requirements in 7.1.5 — 7.1.7. When quick
connect terminals are provided, the terminals shall comply with the requirements in 9.2.

b) A length of permanently attached Non-Integral Type SPT-2, Type SV, SVE, SVT, SJ, SJE,
SJT flexible cord, an appliance wiring material construction that has been determined to be
equivalent to Non-Integral Type SPT-2 cord, or the equivalent, and an acceptable appliance
coupler. The cord shall be provided with strain relief and a bushing complying with the
requirements in 8.3.1 — 8.7.1 and 8.9.1 — 8.9.6.
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c) An opening that will permit the field installation of a flexible cord and wire-binding screws,
quick connect terminals or leads as described in 9.1 (a). Such an opening shall be provided
with an insulating bushing as described in 8.9.1 — 8.9.6.

Exception: The constructions described in 9.1 (b) and (c) are not to be used when the equipment is
intended for supply connection by means of conduit.
Revised 9.1 effective April 1, 2001

9.2 If the following conditions are met, quick-connect terminals may be used for field connection as
described in 9.1 (a):

a) The male tabs are firmly mounted in place.

b) M4ting female connectors are provided with the equipment.

c) Strain relief is provided with the appliance so that stress on the conductors will [not be
transmitted to the terminals.

Exceftion: Strain relief is not required when a separate wiring compartment or barfier is provided
so that a disconnected terminal will not be connected to a live part or an accessiljle dead metal
part.

d) The installation instructions include information for assembly of a terminal to a gonductor,
and the utilization of strain relief as follows:

1) In the case of a terminal intended te’be assembled to a wire or wires by a specific
tool, the tool designation is specified.

2) Instructions for preparation ofithe conductors, such as twisting strands pf the
conductors together before assembly.

3) The size and type of\wire (solid or stranded).

4) If strain relief.dsxequired, identification of the strain relief means and ingtructions for
its use.

e) The quick connect terminals are acceptable for use with the size and type (solifl or stranded)
of wirg¢ specified]

f) If al strain‘relief means is provided, it performs as intended when installed in ac¢ordance with
the ingtallation instructions and when tested in accordance with 53.1 and 53.2.

9.3 Spacings at field wiring terminals provided on an amplifier or similar equipment having an audio
output potential greater than 300 volts when tested as described in 43.2 shall comply with 26.1.1.
Added 9.3 effective April 1, 2001

9.4 A receptacle shall be constructed so that it will not receive the blades of a standard attachment plug
as described in the Standard for Attachment Plugs and Receptacles, UL 498.
Added 9.4 effective April 1, 2001
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9.5 Live parts of audio output terminals for an amplifier or similar equipment having an audio output
potential greater than 120 volts when tested as described in 43.2 shall comply with the accessibility
requirements of 34.1.1 — 34.1.3.

Added 9.5 effective April 1, 2001

10 Auxiliary Power Connections

10.1 An auxiliary input connection provided for operation of the equipment from an alternative source of
power, such as a Class 1 power limited source, shall comply with the applicable portions of Sections 7
and 8 if hazardous energy is involved.

10.2 An attachment plug provided for connection to the alternative power source shall not be of a type

that is commaQ

10.3 If the a;llrxiliary power source is not provided with overcurrent protection in_aceord

National Elec
10.4 Auxiliary
charging of e
10.5 Auxiliary]

11 Lamphold

1 (s 1
My uscu 101 e puwceTr.

ical Code, ANSI/NFPA 70, such protection shall be provided as patt of the ¢

power output connections provided as a power source fortether equif
ternal batteries, and similar items shall comply with 9.1 (a) ~C) when ener

10.4 revised September 10, 1999
input and output power connections shall be markéd)in accordance with 64

EI'S

ance with the
pquipment.

ment, battery
jy is involved.

7.1.

11.1 The ternpinals of a lampholder shall be riveted or otherwise secured in place. The center contact and

its mounting
location, insul
base, shall bg

while servicing. Soft rubber shall not be used.for the insulation of a lampholder shell.

12 Receptacl

12.1 An unug
hazardous er
phonograph p
27.1.8.

12.2 If the fad
the face of th

bhall be secured so that it will be held within the shell when the lamp is
htion, or arrangement of the lampholdér terminals and other live parts, inclu
such that there is a reduction of ‘the risk of grounding or of electric shock V

bS
ed receptacle (sueh\as one provided for the attachment of an accessory

ergy shall not_le)of the type used as a receptacle for a single-prong,
lug; shall involve line power only if of the conventional parallel-slot type; d

e of a‘receptacle is less than 5/8 inch (15.9 mm) wide or less than 7/8 inch (3
b receptacle shall project no more than 3/16 inch (4.8 mm) from the part of

removed. The
ding the lamp
vhile in use or

that involves
shielded-type
r comply with

2.2 mm) long,
the mounting

surface that i

S ‘within_a rectangle 5/8 inch wide and 7/8 inch long, symmetrically locakted about the

receptacle contacts. If the mounting surface is conductive, the face of the receptacle shall project no less
than 3/32 inch (2.4 mm) from that part of the mounting surface.

12.3 The area surrounding an unused attachment plug receptacle shall be free of any projections that
prevent full insertion of the blades of a circular attachment plug having a face diameter of 1-3/16 inches
(30.2 mm).

Exception: The projections are acceptable if the blades of the attachment plug are prevented from being
inserted to make electrical contact with the female contacts of the receptacle.


https://ulnorm.com/api/?name=UL 813 2013.pdf

20 COMMERCIAL AUDIO EQUIPMENT - UL 813 SEPTEMBER 10, 1999

13 Switches
13.1 General

13.1.1 A switch connected to wiring involving a risk of fire or electric shock shall be of a type intended for
that use and shall have an electrical rating no less than that of the load it controls.

13.2 Switch current rating
13.2.1 Regarding the requirement in 13.1.1, the ampere rating of a supply circuit control switch is to be

equal to or greater than the maximum steady state (rms) current it controls as determined during the input
test. For a power amplifier supply circuit control switch, the ampere rating is to be equal to or greater than

the maximum,
one-third max
whichever is g
14 Protective

14.1 General

14.1.1 A prot¢ctive device, such as a fuse, manual reset overcurrent device, or a fusible re

constructed fq

14.1.2 A prot
comply with tH

14.2 Circuits

14.2.1 When
through the
investigated i
Equipment, M
greater than 4
circuitry shall
without increa|

14.3 Fuses

14.3.1 A fuse
part will be e

otcad_y otatc (Imo) \;UIICIIt It bUIItIU:O Ao dCtUIIII;IIUd dul;lly thC ;Ilput tUO
mum undistorted power output or at one-third of the manufacturer’s rated
reater.

Devices

r the purpose of overload protection.

bctive device or component relied upon to reduce the risk of fire or elect
e requirements for that component and also shiall comply with 42.1.3 — 42.1

a protective or limiting function to~teduce the risk of fire or electric shock is
se of solid-state circuitry to |provide sensing, cut-off, or limiting, the cirg
accordance with the Militafy::Standardization Handbook Reliability Predictio
IL-HDBK-217F-September:1995. The theoretical predicted reliability shall k
5 percent for a period 0f"20,000 hours. Additionally, equipment with protec
complete 100,000 cyeles of operation simulating the fault(s) that it is intende
S5ing the risk of fifeor electric shock.

that_is user serviceable as described in 35.1 shall be mounted or guarded
kposed to unintentional contact. The arrangement shall be such that at a

in 41.2.2, at
output power,

Sistor, shall be

¢ shock shall
5.

accomplished
uitry shall be
n of Electronic
e equal to or
tive or limiting
ed to interrupt,

50 that no live
y time during
5 are exposed.

replacement t

ne.fuse will not be gripped or held by any part of the fuseholder while live parts

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

stops.

14.4 Battery circuit protection

14.4.1 A fuse or other overcurrent protective device shall be provided in a circuit intended for use with an
external battery or in equipment having a self-contained battery if a risk of fire is involved.
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14.4.2 When an external battery is used and the battery supply cord is provided by the manufacturer, the
fuse or protective device shall be located no more than 5 inches (127 mm) from the battery connecting
means.

15 Capacitors
15.1 A capacitor shall use 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 comply with the requirements in 25.2.1.

15.2 A capacitor connected across the supply circuit; used in primary supply circuits for antenna blocking,
line by-pass, or metal enclosure isolation; or connected between live parts and exposed metal parts shall

VA

comply with th
1414.

15.3 A capac
applications:

a) Wi

when
to 1l 4

b) A
anten

c) A
intend

15.4 The volt
the capacitor

16 Batteries
16.1 General
16.1.1 A battd

to the supply
to reduce the

faXy Al o f o it A C £ Rad A Tal . T
CJtarniuaru iulr vapavitulio dlllu QUPPITooUT o TUT TAAUTU™ ATTU TTICVIOTUTTT T yJU

15.2 revised May 7, 2010

tor is considered to be connected across the supply circuit when used'in any g

th the capacitor in a shorted condition, a current of more than 1 ampere pas
the equipment is in a heated condition. The current through the capacitor cal
mpere or less by a fixed impedance or a protectivedevice rated 1 ampere o

tapacitor used for antenna blocking or line-by-pass in equipment provided w
na terminal(s) that might be grounded.

apacitor used for line-by-pass in equipment provided with a terminal or conr
ed to be grounded.

hge rating of a capacitor shall equal or exceed the maximum steady-state pot
s subjected during intended-@peration of the unit.

bry of a combination supply circuit and battery-operated equipment shall not
Circuit unlesSs the live current-carrying parts are insulated, arranged, or othen
risk of\fire or electric shock.

ppliances, UL

f the following

ses through it
n be limited
I less.

th external

ector

ential to which

be connected
vise protected

16.1.2 The tdg

rminals of a battery contained within equipment shall be protected to redd

ce the risk of

unintentional short circuiting during installation and while in service.
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16.2 Automotive-type battery cord connections

16.2.1 The flexible cord used with an automotive type battery shall be Type SPT-2, non-integral SPT-2,
or SVT.

Revised 16.2.1 effective December 1, 1998

16.2.2 A plug constructed to engage an automobile cigar lighter type receptacle is an example of an
acceptable connecting means.

*16.2.2 reinstated effective December 1, 1998*

16.2.3 Alternating-current, battery-type equipment that is intended to be powered from a separable type
battery supply cord is not to use a connector on the equipment that has a configuration that engages the
alternating cufrentapptiance coupier descrited T 8-2-5 and 8-371-

17 Motors

17.1 A motor| provided as a part of the equipment shall be of a type that.can”handle [the maximum
intended load|of the equipment without introducing any risk of fire, electric shoek, or injury(to persons.

17.2 The spagings for a motor shall comply with the spacing requiremeénts in the Standafd for Rotating
Electrical Maghines — General Requirements, UL 1004-1.
17.2 revised October 4, 2013

18 Coil Windings

18.1 A coil winding shall be impregnated or otherwise.tteated to resist the absorption of moisture.
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18.2 With regard to the requirement in 18.1, fiber, cloth, and similar moisture absorptive materials shall
be provided with impregnation or otherwise treated to resist the absorption of moisture. Cross over lead
insulation for a coil winding shall be provided with a covering of paper, waxed or otherwise treated to resist
the absorption of moisture as described in the Exception to 25.2.1.

Exception: Enameled wire is not required to be treated to reduce absorption of moisture.

19 Sleeving, Tape, Tubing, and Wire Insulation

19.1 General

olved and the
bing, and wire

19.1.1 Sleeving
temperature a
insulation sha

| have a flame retardant rating of VW-1.

g

>

Exception:
segregated o
circuits need

leeving, tape, tubing, and wire insulation located in nonhazardous.seeonda
[ routed from wiring located in hazardous energy circuits or low. voltage,
not comply with this requirement.

ry circuits and
imited energy

19.2 Mechanical protection

19.2.1 The w
reduce the ris

19.2.2 Interna
likely to be su

19.2.3 When
equipment, a
handled durin
insulating tap

ring and connections between parts within the equipment shall be protected
k of mechanical damage.

| wiring shall be routed and secured so that neither it nor related electrical cq
pbjected to stress or mechanical damage,

user servicing involves moving assemblies that have wiring connections to oth
y wiring (other than a flexible cord) that involves a risk of electric shock an
g such servicing shall have supplementary insulation consisting of two
e or a length of equivalent:tubing, alternatively, the equipment constru

constructed s¢ that the circuits are not-ehergized during the servicing operation.

19.2.4 All wir
a user servicirn
object is not i

19.2.5 Wires
no damage to|

ng that involves a risk of fire or electric shock shall be located and secured
g operation that involves removal and replacement of objects, contact with th
kely.

within antenclosure, compartment, raceway, or the like shall be routed or prg
conductor insulation can result from contact with any rough, sharp, or movir

pr enclosed to

nnections are

er parts of the
d that may be
hicknesses of
ction shall be

so that during
e wiring by the

tected so that
g part.

with smooth,

19.2.6 A metgalclamp or guide used for routing stationary internal wiring shall be provided

well-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.

19.2.7 A hole through which insulated wires pass in a sheet metal wall within the overall enclosure of the
equipment shall be provided with a smooth, well-rounded surface upon which the wires may bear to
reduce the risk of abrasion of the insulation. A flexible cord as specified in 20.1 shall be provided with
bushings and strain relief in accordance with 8.4.1, 8.5.1, and 8.9.1 — 8.9.6.

Exception: The requirement for cord bushings and strain relief does not apply if the construction is such
that the cord will not be subject to stress or motion.
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19.2.8 A hook up wire provided with thermoplastic insulation with a wall thickness less than 1/32 inch (0.8
mm) shall be located entirely within a chassis or be constructed so that it will not be subject to:

a) Mechanical damage,

b) Flexing during intended operation, or

¢) Handling during user servicing.

19.2.9 Wire smaller than 24 AWG (0.21 mm?) shall be located or enclosed so as to reduce the risk of
mechanical damage, taking into consideration the effects of vibration, impact, and handling during user

servicing.

19.2.10 Low-
enclosure and
enclosure. Su
and 8.6.1.

19.2.11 The
pull-out record

19.3 Primary

19.3.1 The pfimary wiring of power transformer operated, equipment (including the transf

winding leads
no smaller thg

Exception: I

connected to
smaller than }

19.4 Types o

19.4.1 Thein
and to the tg
subjected.

19.4.2 Therm

T19.Z.9 Tevised May 7, 2010
bnergy circuit wiring (such as an audio signal lead) that is not housed‘enti

that may contact a part involving a risk of fire or electric shock shall, be“insul
Ch wiring shall be provided with strain relief and push back stop as‘described

hcceptability of wiring that is subject to flexing during intended use (such
changer drawer) shall be subjected to the flexing test,described in 55.1.
wiring

but not the primary winding) having a power supply input of more than 300
n 18 AWG (0.82 mm?).

an investigation shows that overloading of the primary wiring due to a fault

the secondary of the transformer itself does not result in a risk of fire, the
8 AWG.

19.3.1 revised May 7, 2010
wire
ernal wiring of'the equipment shall be of a type able to withstand exposure tq

mperature,syvoltage, and other conditions of service to which the wiring

pplastic insulated wire with an insulation thickness of not less than 0.007 ir

shall be used

rely within the
hted within the
n8.4.1,85.1,

Hs wiring to a

prmer primary

watts shall be

in the circuits
wiring may be

oil or grease,
s likely to be

ch (0.18 mm)

at.300 volts peak or less; 1/64 inch (0.4 mm) at 600 volts peak or less; and

mm) at 1000 volts peak or less.

1/32 inch (0.8
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20 Remote Control and Interconnecting Cables

20.1 A cable used as an interconnecting cable or for the connection of a remote control or similar use
shall be Type SJ flexible cord or the equivalent. The cable shall have an ampacity rating of not less than
the current rating of the equipment, accessory, or equipment section it supplies. When the cable is
permanently attached to the equipment, it shall be provided with a cord exit, strain relief, and push-back
relief as described in 8.4.1, 8.5.1, 8.6.1, 8.7.1, and 8.9.1 — 8.9.6.

Exception No. 1: A cable used solely for external interconnection between units or a system and that is
not handled during intended operation shall be of a type no less serviceable than the supply cord.
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Exception No. 2: Integral Type SPT-1 flexible cord or the equivalent shall be used for connection of a

remote contro

| or similar use under the following conditions:

a) The potential between the conductors of the cord, and between any conductor and earth or
other accessible part is not more than 30 volts AC or 60 volts DC where wet contact does not
occur, and 21.2 volts peak where wet contact occurs when the current between these points is

more

than 0.5 milliampere when tested in accordance with 40.1.1 — 40.1.7, and

b) The equipment does not involve a risk of fire or electric shock when it is subjected to the short
circuit test described in 52.1.1.

Exception No. 3: A cord or cable other than Type SJ, SJT, SJE, Non-Integral Type SPT-2, an appliance

wiring materiat

or a compara
conditions sta
52.2.2 does n

Exception No
wiring materia
or a compara
located in a

Nonhazardou

20.2 If the re
and arcing tes

20.3 Cords and wires used to interconnect units within the overall enclosure and involving

electric shock
Exception: (
or similar item
be provided w

20.4 Intercha

means of clanmps, string ties, or similar means in spaces where damage during user servici

to occur.

21 Splices ar

bUI"I‘JtI Ubtl‘un that IL;GJ bccn dCtCI mlnCd tU bC Cqul‘val’cl’;t tU lvlun I’ntcyl Clll T)'IJ
ble cord or cable may be used for the connection of a remote control or the
fed in Exception No. 2, with the added condition that the arcing test described
pt result in a risk of fire.

4: A cord or cable other than Type SJ, SJT, SJE, Non-IntegralDype SPT-2
construction that has been determined to be equivalent to Non-Integral Typ
ble cord or cable may be used for the connection of a remoté control if the ¢
Secondary circuit that does not present a risk of fire or electric shock as
b Secondary Circuits, Section 33.

Revised 20.1 effective December 131998

mote control circuit is supplied from a bell-finging or Class 2 transformer, th
ts described in Exception Nos. 2 and 3 t8.20.1 are not required.

shall be provided with strain relief ' means.

ords or wires that are securely fastened to the enclosure walls by means of cl
s or are located so that'they will not be subject to handling during user serv

ith strain relief means:

5sis cables and-wiring within an overall enclosure shall be neatly arranged

d Conhections

21.1 General

e SPT-2 Cord,
ike, under the
 in 52.2.1 and

an appliance
e SPT-2 Cord,
brd or cable is
described in

e short circuit

B risk of fire or

amps, staples,
icing need not

and routed by
ng is not likely

21.1.1 All splices and connections shall be mechanically secure and shall provide electrical contact. A
soldered connection shall be made mechanically secure before being soldered if breaking or loosening of
the connection may result in contact with either dead metal parts or other live parts that could cause a
risk of fire or electric shock, or a reduction of spacings below the minimum required for the application.
Vibration shall be considered when evaluating the acceptability of electrical connections.

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

a) At

least a three-quarter wrap around a terminal.

b) The lead is inserted through an eyelet or opening of a terminal block or printed wiring board
prior to soldering.
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c) It is twisted with other conductors.

d) The lead is inserted into a U- or V-shaped slot in the terminal prior to soldering.

21.1.3 The soldering of a lead along a flat surface (identified as tack soldering) is not acceptable.

Exception:

shock, or injury to persons does not exist with the lead(s) detached.

Tack soldering of a lead is acceptable if it can be demonstrated that a risk of fire, electric

21.1.4 A splice shall have insulation equivalent to that of the wires involved if permanence of spacing
between the splice and other metal parts is not provided.

21.1.5 Threag

located within

the overall en
Exception: T
21.2 Wire-wr{

21.2.1 A sold
wires during g

21.2.2 Only s
and types of \

21.2.3 A term
terminal of oth

21.2.4 The w
least 16 point

Al kLl H $ A f La: HYY 1 HPH baoll L
CU MICooUTT LAVIT VWITT CUTITITULIUTOS UoTU TUT OMTILITTY TTITTTIAr vvirmry orrall v

Closure so that they will not be subject to handling by the user.

pped connections

Prless wrapped connection is acceptable if it is not subjéct to movement or|
onditions of intended operation or user servicing.

plid, copper wire in 24, 22, or 20 AWG (0.21, 0.3%/of 0.52 mm?2) may be use
vire may be subjected to an investigation.

21.2.2 revised May Z, 2010

inal shall be constructed of copper or\brass and shall have at least two s
er material may be subjected to an_investigation.

rap shall have at least 20 points-on the corners of the terminal in contact wi
S shall be closely wrapped-with no overlapping. The term "closely wrappe

there are no gaps between adjacent turS greater than one-half the diameter of the wire

gaps on the fi
may be subje

st and last turns. See Table 21.1 for the typical number of wraps. A lesser nu
Cted to an investigation to determine equivalence.

his requirement does not apply if the connectors are taped to the conductors.

flexure of the

d. Other sizes

harp edges. A

th the wire. At
1" means that

not including
mber of wraps
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Table 21.1
Typical number of wraps

Number of sharp corners on the Number of closely wrapped turns Total number of turns
terminal
4 4 5
2 8 10

21.3 Aluminu

m terminations

21.3.1 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 det

21.3.2 Regar
shall be a typ

or heat cycling.

22 Friction-Fi

22.1 A discor]
for a possible

H al rPN| £ +ho. e ' £ tal H Il Al + il T
U avLTPUtAuTT TUT UTTC LUTTTVITTAtUTT UT T tAalo ivuiveu at tic CUTNIic LUt

ling 21.3.1, a wire-binding screw or a pressure wire connector used as @ternyi

e intended for use with aluminum under the conditions involved — for examplg
Electrical Connectors

necting part, such as an electrical connector, secured-by-friction fit only, is td
source of fire or electric shock in its most extreme disconnected position.

D
2

oint.

nating device
temperature

be evaluated

Exception: Such investigation need not be conducted if thé part complies with one or more of the
following:
a) The part is capable of withstanding a separation force of 500 grams (approximately 1.1
pounds) after five insertions and withdrawals;
b) The part is soldered together and-néed not be removed for user servicing;
c) The part is of such dimensions or is permanently routed or secured, so that a njsk of fire,
electrlc shock, or injury to persons can not result if the part becomes disconnected; or
d) A I/32 inch (0.8 mm)\thick minimum insulating sleeve having at least a 1/16 in¢h (1.6 mm)
overlgp is provided over the connector part.
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23 Connector and Component Displacement

23.1 The disconnection and displacement of a part resulting from shipping or moving of the equipment
shall not result in a risk of fire, electric shock, or injury to persons.

23.2 The requirement in 23.1 applies to any handling, disconnection, or displacement (intentional or
unintentional) of a component of a printed-wiring assembly, a connector, lead, tube shield, cover, or other
similar part, that may occur during intended operation or user servicing.

23.3 A barrier, mechanical restraint, or the effect of gravity are to be considered as a means of fastening
a connector. However a fastening means that relies solely on friction between parts is to be investigated
with regard to its effecuveness A fastemng means is not to be removed if it cannot be removed
unintentionall i eHIE A reans is to be
constructed s¢ that it returns to its orlglnal position and shape after flexing.

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

24 Integrated| Circuits
24.1 An integfated circuit not supplied by a low-voltage, limited-egergy circuit as described|in 32.2 and in

the Test for Low-Voltage, Limited-Energy Circuits, Section 46/ shall be constructed of |materials and
subjected to the tests indicated in Table 24.1.
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Table 24.1
Requirements for integrated circuits involving hazardous energy
Table 24.1 revised November 13, 1998
Minimum flammability
classification & Printed wiring assembly Abnormal
Recognized operation
Type of Terminal Flammability printed External pin tests
Alternative construction Enclosure support classification 2| wiring board arcing test required ©
| Hybridd HB V-1 V-1 Required Not required 1,234
I HybridoI 5V (or metal) 5V Not required | Not required | Not required 1,3
I Hybridd 5V (or metal) V-1 Not required | Not required | Required on 1,3
terminal
material
\% Hybridd V-2 5V Not required | Not required Required 'on 1,3
enclosure
material
\% Hybridd V-2 V-1 Not required | Not required Required on 1,3
enclosure and
terminal
materials
VI Nonhybrid® V-2 Not applicable | Not applicable | Not applicable | Not required 1,3
NOTE - Hazardpus circuitry is defined as that not supplied by a low-voltage, limited-energy circuit as described|in 32.2 or by a
nonhazardous cfrcuit as described in 33.2.
@ The flammabil ty classification is to be determined by tests described in the.Standard for Tests for Flammabilify of Plastic

Materials for Pal

b Tests shall be
rather than acro

€ The abnormal
conditions in 48
1) Sh
2) sh
3) Un

4) Un

da hybrid const
transistors and ¢
Terminal pins a
has a thermopla

ts in Devices and Appliances, UL 94.

conducted following the intent of 52.2.1 and 52.2.2, except arcing is to be across the terminal g
5S cotton.

operation tests in this column are identified by the numbers that follow, and results determined
1.9.

Drt circuit tests at external IC pins.

brt circuit tests at an IC assembly,

eliable component shoit _circuit tests at external IC pins.

eliable compongent.short circuit tests inside assembly.

uction typically consists of an aluminum or ceramic substrate printed wiring board, with chips o
iodes and.discrete capacitors attached to the foils. Deposited carbon usually serves as resistive
E attached to the foils on the substrate and supported in a terminal block. The typical hybrid as

Stic ‘'enClosure covering the top and three sides, and the fourth side filled with the terminal block}

upport material

by the

I discrete
elements.
embly usually

€ A nonhybrid o

troemtegrated circuit s generatty smatter tharm thehybrid-type; s comptetety encapsutated;amn

layered elements. In such a case the enclosure of the integrated circuit, which is generally also the encapsulant, shall have a
minimum flammability classification of V-2. The arcing test at the pins of the integrated circuit will not be necessary.

d contains only

25 Materials

25.1 General

25.1.1 Cellulose nitrate or any comparably flammable material shall not be used.
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25.1.2 Materials shall be classified with regard to flammability, resistance to hot-wire ignition, resistance
to high-current-arc ignition, dielectric breakdown strength, and volume resistivity when used in the
applications as described in 25.1.3 and 25.1.4.

Exception No. 1: The material requirements do not apply for the internal insulating systems of components
or where component requirements exist.

Exception No. 2: Generally, external accessories that are not permanently attached to the equipment such
as a microphone, tape cartridge, screwdriver, tape cassette, tape reel, phonograph record, headphone,
earphone, 45 RPM adapter, remote control unit not involving hazardous energy, bottle of lubricating oil,
signal level balancing mechanism, and the like are exempt from flammability requirements. However, such
accessories are to comply with 25.1.1.

Exception No
segregated fr

Exception No
exempt from 1

Exception No,

25.1.3 Materi

classification as shown in Table 25.1.

25.1.4 Materi
uninsulated h

breakdown stifength and volume resistivity when used, i the circuit locations and used as

25.1.

25.1.5 A mol
service.

25.2 Guard a

25.2.1 A guaid or barrier of insulating material used to render live parts inaccessible shall

a) Be

b) H4

3: Dial strings, drive belts, lacing thread, woven (cloth) materials, felt,,ang
bm hazardous energy parts need not comply with this requirement.

4: Fiber and similar material that is equal to or less than 0.01 in¢h (0.25 mn
his requirement.

5: Small parts as indicated in note (g) to Table 25.1 neednot comply with thi

hls located in low-voltage, low-energy circuitry shall ¢omply with the approprial

bls located in hazardous circuitry as described in note (a) to Table 25.1 or i
azardous circuitry shall comply with thesdppropriate flammability rating

led part shall have mechanical_strength and rigidity to withstand the stre

nd barrier insulating material (to render live parts inaccessible)

not less than 0.028 inch (0.71 mm) thick and

ve a_burning-test classification of V-2.

Exception: H

ibep or the equivalent that is at least 0.013 inch (0.33 mm) thick can be us

| similar items

1) thick is also

5 requirement.

le flammability

n contact with
and dielectric
hown in Table

sses of actual

ed to cover a

splice within the overall enclosure. If it is not less than 0.013 inch thick, a covering of paper, waxed or
otherwise treated to resist the absorption of moisture, can be used for the cross over lead of a coil winding
connected in a circuit involving a source of electric shock within the overall enclosure. A covering of paper
that is not less than 0.028 inch (0.71 mm) thick can be used on an electrolytic capacitor or similar part. A
fiber shell of a metal-jacketed pilot lampholder covering all live parts may have a minimum thickness of
0.020 inch (0.51 mm).

25.2.1 revised November 13, 1998
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Figure 25.1
Opposite polarity
Figure 25.1 revised February 6, 1998

(A)
(+V) OR (-V) &— —*
e o (B)
FV -V o —°
(+V1) Uk (=Vy) 1 (+V5)] OR (-V,)
o} o 2 (_V1'
3 Vv
(+V,) 3 (-v,)
SA1651
:;:
O
(C)
o D
- »
(+V4) OR (-Vy) (+¥2) OR (=V)

SA1652
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26 Spacings
26.1 Field-wiring terminals
26.1.1 The spacing between wiring terminals of opposite polarity, and the spacing between a wiring

terminal and any other uninsulated metal part not of the same polarity, shall be no less than that specified
in Table 26.1.
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Table 26.1
Spacings at wiring terminals

Minimum spacings

- . T
Between wiring terminals, the same polarity

Between terminals and other uninsulated metal parts not always of

Potential through air or over surface, Over surface, Through air,
involved volts inch (mm) inch (mm) inch (mm)

250 or less 1/4 6.4 1/4 6.4 1/4 6.4
more than 250 1/2 12.7 1/2 12.7 3/8 9.5

a Applies to the

sum of the spacings involved where an isolated dead metal part is interposed.

. "
mouito

26.2 Primary

26.2.1 In prinpary circuits, other than at field-wiring terminals, spacings shall not be(less than 1/16 inch

(1.6 mm) thro
uninsulated li
friction betwee
be maintained

Exception No
the equipmen|
requirements

Exception No
ground and s,
exist:

a) Se

b) S€
volts |

Exception No
(other than sp
between tracq

a) Th
in acg

igh air or over surface between uninsulated live parts of opposite polarity, ar

n surfaces) the construction shall be such that at least the minimum acceptal
with the movable part in any position.

1: The spacings specified above do not apply to the inherent spacings of a
[, such as a snap switch. The acceptability of spacings on a component is
that cover the component.

2: Spacings are not specified between parts.of opposite polarity (other tha
bacings between primary and secondary cifeuits) if one or both of the follov
ries impedance is 10,000 ohms or-more in a circuit in which the voltage is 12

ries impedance is 20,000 olims or more in a circuit in which the voltage is gr
DUt less than 250 volts.

3: On printed-wiring-boards having a minimum flammability classification ofl
acings to ground and spacings between primary and secondary circuits) are
s of different potentials connected in the same circuit if either:

e spacingrovided between traces withstands a dielectric voltage-withstand
ordance-with 45.8.1 or

b) A

d between an

e part and a dead metal part. If a part is not rigidly fixed in positien’(by means other than

le spacing will

component of
based on the

n spacings to
ing conditions

b volts or less.

pater than 125

V-1, spacings
b not specified

est conducted

ik of fire or electric shock does not result from short-circuiting the spacings b

etween traces

as described in 48.3.1.

26.2.1 revised November 13, 1998
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26.3 Secondary circuits

26.3.1 Secondary circuit spacings shall be judged on the basis of the Dielectric Voltage-Withstand Test,

Section 45.

Exception: Low-voltage, limited-energy and nonhazardous secondary circuits, as described in Sections
32 and 33, respectively, need not comply with this requirement.

26.4 Barriers

and liners

26.4.1 A barrier or liner of fiber or similar material used where spacings would otherwise be insufficient
between uninsulated live parts of opposite polarity involving a source of fire or electric shock or between

such parts ang

Exception No

Exception No
spacing throu

a el &l ol 'y ball + 1o 1 +la 1./29 O Q Ntlos
] CI\'JUOCU ultau e ual 'JGI O oA TIUU YU 1TCOO UTAlT L4 1Tt \U.U IIIIII} TGN,
1: Insulation built into a component part may be less than 1/32 inch thick.

2: When the barrier or liner is used with an air spacing no less _than one hag
gh air, the thickness may be less than 1/32 inch but no lessithan 1/64

provided the barrier or liner is:

a) Cd
when

b) Heg
c) Lo
27 Grounding
27.1 General
27.1.1 When
metal parts wi

to become en

27.1.2 Regar
become energ

a) A

nstructed of an insulating material that is resistant tormoisture and is mech
exposed or otherwise likely to be subjected to mectianical injury,

Id in place, and

Cated so that it is affected adversely by theleperation of the equipment durin

p grounding means is previded on the equipment, all exposed dead metal par
thin the enclosure that are exposed to contact during any servicing operation|
brgized shall be connected to the grounding means.

Hing the requirement in 27.1.1 the following dead metal parts are not consi
ized:

small_metal part (such as an adhesive attached foil marking, a screw, and a |

If the required
nch (0.4 mm)

anically strong

j service.

s and all dead
and are likely

Hered likely to

andle) that is:

1) On the exterior of the enclosure and separated from all electrical ¢

bmponents by

grounded metal, or

2) Electrically isolated from all electrical components.

b) A panel or cover that is isolated from all electrical components by a barrier of vulcanized fiber,
varnished cloth, phenolic composition, or other moisture-resistant insulating material 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) Cores and assembly screws of relays, solenoids, and similar items.
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27.1.3 When a means for grounding is provided on the equipment even though it is not required, it shall
comply with the requirements in 27.1.4 — 27.3.4.

Exception: Two-wire equipment with a performance ground (for example, a chassis ground terminal)
need not comply with the requirements for grounding.

27.1.4 1t may not be practical to connect certain conductive parts (antennas, antenna terminals, control
shafts, and mounting screws) described in 27.1.1 to the grounding means. Such parts are not considered
likely to become energized if supplementary insulation is used in addition to the functional insulation
provided. Where it is impractical to provide separate functional insulation and supplementary insulation,

reinforced insulation shall be used.

27.1.5 Functi

[ lod: ot o .
PTTAT TTTouUuTAalturt 10 tU TIiAVvVT.

a) A
b) Mi

27.1.6 The th
as supplemen
as functional i
1/32 inch (0.8
for 1 minute. ]
supplementar

27.1.7 Thein
insulation shg
functional ang
circuits shall H
at least 3500

accessible co

27.1.8 A con
grounding typ
means of the

27.1.9 The rqg
the unit, and 4

27.1.10 Any 4

lielectric voltage-withstand capability of 1000 volts for 1 minute, and

ckness, insulation qualities, and the resistance to deterioratien/with aging of

tary insulation shall be no less than that which would be required for the same

hsulation. The minimum spacing through supplementary ‘insulation used in ¢

mm). This insulation is to have a dielectric voltage-withstand capability of at Ie

'he minimum through air or over surface spacings/bétween conductive parts
insulation shall be 1/16 inch (1.6 mm).

Sulation qualities and resistance to deterieration with aging of materials used
[l not be no less than the total of that which would be required for the d

supplementary insulation. The migimum spacing through reinforced insu
e 5/64 inch (2 mm) and this insulation is to have a dielectric voltage-withstar
olts for 1 minute. The minimum through air or over surface spacings between
hductive parts shall be 1/8 ineh (3.2 mm).

enience receptacle that-is provided on equipment intended to be grounded
b, The grounding contact of the receptacle shall be electrically connected to
equipment.

sistance between the point of connection of the equipment grounding meary
Ny other point in the grounding circuit shall not be more than 0.1 ohm.

\ppropriate instrument may be used to determine whether the equipment cor

requirement ir

himum acceptable through-air or over-surface spacings of 1/16 inch~(1.6 mm).

material used
material used
rcuits shall be
ast 2500 volts
separated by

as reinforced
ombination of
ation used in
d capability of
live parts and

shall be of a
the grounding

s, at or within

hplies with the
of at least 25

2721.9. However, if unacceptable results are recorded, an alternating curren

amperes from a power supply of no more than 12 volts is to be passed from the point of connection of the
equipment grounding means to a point in the grounding circuit, and the resulting drop in potential is 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.

27.2 Cord connected equipment

27.2.1 A power supply cord of equipment intended for use on a circuit operating at a potential of more
than 150 volts to ground shall include an equipment grounding conductor.
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27.2.2 An equipment grounding conductor of a flexible cord shall be:

a) Finished to be either green 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, by a screw or other means (not likely to be removed during servicing not involving
the power supply cord), to the frame or enclosure of the equipment. Solder alone shall not be
used for securing the grounding conductor.

27.2.3 The screw specmed in 27 2. 2(c) shaII be of corrosmn reS|stant metal or shall be protected against

corrosion in @
conductor. A |

27.2.4 If two
them is groun
grounding con
them is groun
in an intercon

27.2.5 Regar
connection is

a) ls
and

b) H4
during

27.2.6 Agrou
supply cord S
attached to th

27.2.7 Dual-V|

27.3 Permangntly connected equipment

27.3.1 A field

pck washer shaII be used to prevent the screw from becomlng loosened by

or more appliances are electrically or mechanically connected to onelanoth
led, each unit of the system that has a separate power supply cordishall have

ed, they shall be bonded together; for example, by means of\a-tiscrete cond
hecting cable.

ding power supply conductors, equipment shall be,‘constructed so that
made first and broken last when the equipment;

brovided with a power supply cord or cord setincorporating a separable app
s conductive parts that are connected to the grounding conductor that migh
the connection or disconnection ofithe appliance coupler at the equipment e
nding adapter when packaggéd-in conjunction with equipment provided with a ¢

hall be marked or tagged.with instructions for its proper use. The adapte
b attachment plug before-feaching the user.

fwiring terminal or lead for the connection of an equipment grounding cond

provided.

ind any other
ibration.

er and one of
an equipment

ductor in the power supply cord. If the appliances are interconnetted electricglly and one of

uctor included

he grounding

liance coupler

be contacted

hd of the cord.

jrounding type
I shall not be

pltage rated equipment (such as 120/240 volts) provided with a grounding type supply cord
shall be provigled with a 120/240 volt, grounding type adapter tagged with instructions for

ts proper use.

uctor shall be

27.3.2 A field-wiring terminal or lead for the connection of an equipment grounding conductor shall be a

screw-type co

nnector capable of securing a conductor of the proper size.

27.3.3 A wire-binding screw or screw-type wire connector shall be located so that it is unlikely to be
removed during the intended servicing of the equipment, and the wire-binding screw shall have upturned
lugs or the equivalent to retain the conductor. A wire-binding screw intended for the connection of the
equipment grounding conductor shall have a green colored head that is hexagonal, slotted, or both. A
screw-type pressure-wire connector intended for connection of such a conductor shall be plainly
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identified by the marking "G,” "GR,"” "GND," "Ground,” "Grounding,” or the like, or by a marking on a
wiring diagram provided on the equipment. The following graphical symbol @ (IEC Publication 417,
Symbol 5019) may be used for this purpose.

27.3.3 revised February 6, 1998

27.3.4 The surface of an insulated lead intended solely for the connection of an equipment grounding
conductor shall be green with or without one or more yellow stripes, and no other lead shall be so color
coded.

Exception: The requirements in 27.3.4 that cover the color coding of grounding leads apply to internal
wiring that is visible in a wiring compartment in the area in which field connections are to be made. They
do not apply to leads or wiring of low voltage circuits that are intended to be field connected to Class 2

wiring and thé

[ are separated or segregated rrom nign voltage circuit rield wiring connectio

28 Separation of Circuits

28.1 Insulatedl conductors of different circuits shall be separated or segregated from each

uninsulated iy

Exception: 'V

separation is

28.2 Segregd
which provide

28.3 A barrie
or of an insulg

28.4 Anuncld
mm) in diame

28.5 The clog
contact it. Theg
passage of th

28.6 The min
a metal enclo

28.7 A barrie
if it is determi

e parts connected to different circuits.

hen conductors are provided with insulation rated for the highest voltage
ot required.

tion of insulated conductors may be accomplished<by clamping, routing, or a
5 permanent separation from insulated or uninsulated live parts of a different

used to separate the wiring of different ¢itcuits shall be held in place and sh
ting material of such strength as to withstand exposure to mechanical dama

sed opening in a barrier for the passage of conductors shall be no larger than
er and there shall be no unuséd-openings.

ure for any other opening,shall present a smooth surface wherever an insul
area of any such opening with the closure removed shall not be larger than r
P necessary wires.

mum thickness-ef a metal barrier shall be the same as the minimum thickne
sure, as indicated in Tables 5.1 and 5.2.

of instilating material shall not be less than 0.028 inch (0.71 mm) thick and s
hedthat it may be deformed to defeat its purpose.

ns by barriers.

bther and from
nvolved, such
similar means

circuit.

all be of metal
pe.
1/2 inch (12.7

ated wire may
bquired for the

5s required for

hall be thicker
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29 Live Parts

29.1 Current-carrying parts shall be of silver, copper, a copper base alloy, stainless steel, aluminum, or
other materials 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
or semiconductor devices).

Exception No. 2: Blued steel or steel with an equivalent corrosion resistance may be used for the current

carrying arms

29.2 An uning

of mechanically or magnetically operated leaf switches but not elsewhere.

1ot

from turning @
minimum valu

29.3 Friction
part, but a prd

29.4 A contaq
of fire shall bg

30 Electric Shock

30.1 Shock ¢
30.1.1 Arisk

a) Th
excee

b) An

a1 ool L At th 1> ' £ thot it HI
Urattu mive part ol Ut oTULUTTU TU UTC VAOT U TTTUUTIUTTY oUTTAaL T oU At U VvIT

r shifting in position if such displacement can result in a reduction of spaci
ES.

be prevented
ngs below the

between surfaces is not considered a sufficient means to prevent shifting or tlirning of a live

perly applied lock washer may be used.

t of a socket, separable connector, or similar device confiected in a circuit i
made of nonferrous spring metal.

irrent and voltage
pf electric shock is considered to exist _at'any part exposed only during user

£ open circuit potential between the part and earth ground or any other a
ds the values specified in Table'30.1; and

y of the following conditions exist:

1) The continuous:current flow through a 500-ohm resistor exceeds the lim|
Table 30.2; or

2) The cembination of magnitude and duration of peak current flow excq
specifiedin 30.3.1; or

3). The combination of capacitance and voltage exceeds the limits specifig

hvolving a risk

servicing if:

ccessible part

its specified in

eds the limits

d in 30.3.2.

30.1.2 Any part accessible during user servicing is to be tested for shock current in accordance with
40.2.1 — 40.2.6.
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Table 30.1

Maximum voltages

Wave form

Fundamental frequency, Hz

Maximum volts &

Alternating current,
direct current, and
combinations of both

Polarity reversal

Greater than

But not greater than

Wet contact not likely
to occur

Where the change in
instantaneous voltage
for any duration equal
to 5 percent of the
period of the
fundamental frequency
of the wave form-s-re

Where the
instantaneous voltage
does not reverse in

polarity

Where the
instantaneous voltage

Any

Any

60 volts peak

60 volts peak and 84.4
volts peak-to-peak

more than 20 vdits.©

Where the change in
instantaneous voltage
for any duration jequal
to 5 percent of the
fundamental frequency
of the wave fornp is
greater than 20 Jolts.©

does reverse in polarity

Where the
instantaneous voltage
does not reverse in
polarity

Where the
instantanequsyvoltage
does reverse’in polarity

© 00 N o o0 b w O

Juny
o

200
300
400
500
600
700
800
900
1000
1400

Values to be determined by an investigation to determirfe equivalent

© AN OO b W

200
300
400
500
600
700
800
900
1000
1400

protection level

60 peak

55 peak
50 peak
45 peak
40 peak
35 peak
30 peak
25 peak
24.8 peak
26 peak
28 peak
31 peak
34 peak
37 peak
41 peak
46 peak
51 peak
56 peak
60 peak

2 The maximum| output voltage regardless of load shall be measured with the input voltage applied per Table 3.1.

b "wet contact ot likely to Qceur" generally refers to indoor or sheltered locations that are not as intended to b¢ associated
with water or other liquids.
€ The change inlinstantaneous voltage at any 5 percent of the period of the fundamental frequency of the wave|form is to be

determined by tgking any 18-degree segment along the wave form and determining the change in instantaneous voltage in that
segment. See Flgure’ 30.1

d For a sinusoidal wave, 84.8 volts peak-to-peak equals 30 volts rms.
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Table 30.2

Maximum current during user servicing

Alternating current,
direct current, and

Fundamental frequency, Hz

a

Maximum current in milliamperes, through a
500-ohm resistor

Where the
instantaneous current
does not reverse in

Where the
instantaneous current
does reverse in

combinations thereof Greater than But not greater than polarity polarity
Peak Peak-to-peak
Where the change in 0 100 14.2 14.2
instantaneous current 100 500 18.8 18.8
for any duration equal 506 1806 204 22.0
to 5 percent of the
period of the 1000 2000 28.2 28.2
fundamental frequency 2000 3000 34.6 34.6
of the wave fornp is no 3000 4000 39.2 39.2
more than 3.3 4000 5000 44.0 44.0
milliamperes 5000 6000 50.2 50.2
6000 b 55.0 55.0
Where the change in 0 3 10.0 (No valpies determined)
instantaneous c{irrent
for any duration jequal 3 4 92
to 5 percent of the 4 5 8.3
fundamental frequency 5 6 7.5
of the wave fornp is 6 7 6.7
more than 3.3 7 8 5.8
milliamperes
8 9 5.0
9 10 4.2
10 200 4.1
200 300 43
300 400 4.7
400 500 5.2
500 600 5.7
600 700 6.2
700 800 6.8
800 900 7.7
900 1000 8.5
1000 1400 9.3
1400 b 10.0

b No upper limit

2 Straight line interpolation between adjacent values in the table is to be used to determine the maximum allowgble current
values correspopding, tofrequencies not shown in the table.
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Figure 30.1
Sine wave
Figure 30.1 revised February 6, 1998
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1 Values of the sine for angles from 0 to 180 degrees.

2 b is eighteen-degree (5 percent) segment if started at zero.
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30.2 Leakage current
30.2.1 When tested in accordance with 40.1.1 — 40.1.7, if the open circuit potential between the
accessible part and earth ground or any other accessible part is more than the applicable value specified
in Table 30.1, the leakage current at any accessible part shall not be more than:

a) 0.5 milliampere for ungrounded (2 wire) portable, stationary, or fixed equipment;

b) 0.5 milliampere for grounded (3 wire) portable equipment; and

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

30.3 Transierjfeteete-shoek

30.3.1 The dpration of a transient current (unidirectional or alternating) through_a“500rohm resistor,
connected befween any part exposed only during user servicing and earth ground-or any otper accessible

part, shall satisfy the following equation:

r (20\/5)1.43
" /

in which:

T is the duration, measured in seconds, from the time that the instantaneous valud of the current
first exceeds 7.1 milliamperes until the time that the current falls below 7.1 milliaperes for the

last tine and
| is the peak current in milliamperes.

The interval between occurrences:shall be equal to or greater than 60 seconds if the current is repetitive.
Typical calculated values appea#’in Table 30.2.

Exception: The peak cuarrent shall not exceed 809 milliamperes regardless of the duration.
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30.3.2 The maximum capacitance between capacitor terminals that are accessible during user servicing
shall satisfy the following equations:

. 88,400 for 42.4 < £ < 400
E'(n £-1.26)

C =35288F 1%  for 400 < £< 1000

in which:
C is the maximum capacitance of the capacitor in microfarads‘and
E is the potential in volts across the capacitor prior to_discharge.

E is measurefl 5 seconds after the capacitor terminals are“accessible by the removal or ppening of an
interlocked coper or similar device. Typical calculated valties appear in Table 30.3.

30.3.3 The ingertion in any socket of any vacuum gube or its glass or metal equivalent of like designation
used in the equipment shall not result in a source of electric shock.
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Table 30.3
Electric shock — stored energy

Potential across capacitor, volts Maximum capacitance, uF
1000 0.868
900 1.02
800 1.22
700 1.50
600 1.90
500 2.52
400 3.55
380 3.86
360 4.22
340 4.64
320 5.13
300 5.71
280 640
260 7.24
240 8.27
220 9.56
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
50 124.0
45 150.0
42.4 169.0
40 186.002
30 319.002
25 452.002
212 625.002
@ Outdoor use o where wet contact is likely to occur only.
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30.4 Antenna connections

30.4.1 Each terminal provided for the connection of an external antenna shall be conductively connected
to the supply circuit. The conductive connection shall have a maximum resistance of 12.0 megohms and
a wattage rating of minimum 1/2 watt and shall be effective with the power switch in the on or off position.

Exception No.

1: The conductive connection is not required to be provided when:

a) Such a connection is established in the event of electrical breakdown of the antenna isolating
means;

b) Th

e breakdown does not result in a source of electric shock; and

c) In
betwg

Exception No
the requiremg

30.4.2 The nj
maximum tolq
tolerance or a

31 Risk of Fire

31.1 A risk of
intended condg
supply rectifie|
are short-circd

Exception: A

a) Th
is 125

b) Th
is mo

c) M4
the pé

a construction provided with an isolating power transformer, the conducti
en the supply circuit and chassis does not exceed a resistance of maxjimum 1

2: A component comprised of a capacitor with a built-in shunt _resistor that|
hts for antenna isolating capacitors may be rated minimum 1/4 watt.

aximum resistance specified in 30.4.1 is not to exceed 12.0 megohms,
rance of the resistor value used; that is, a resistor rated’ 10.0 megohms w
resistor rated 10.9 megohms with a 10 percent tolefance may be used.

fire is considered to exist at any compaonent connected to a source of pows
itions or when all exposed parts and all*user connections are grounded w
' and any two elements of one othepyacuum tube, transistor, or similar soli
ited.

risk of fire is considered naot‘te exist if one or more of the following condition

ere is additional series impedance not less than 10,000 ohms in a circuit whe
volts or less.

ere is additional series impedance not less than 20,000 ohms in a circuit whe
'e than 125«\0lts but no more than 250 volts.

terial,“such as cotton, is not ignited under any service condition of breakdoy
rt jitself. The arcing test for cables is given in 52.2.1 and 52.2.2.

ve connection
2.0 megohms.

complies with
assuming the

th 20 percent

r either under
hile the power
d-state device

S exist:

bre the voltage

re the voltage

n or failure of

d) A component is connected in a low-voltage, limited-energy circuit as described in 32.2.

e) A component is connected in a nonhazardous circuit as described in Nonhazardous
Secondary Circuits, Section 33.

32 Low-Voltage, Limited-Energy Circuits

32.1 There are no specifications for spacings in a low-voltage, limited-energy circuit other than as may

be required to

prevent contact with an uninsulated live part of another circuit.
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32.2 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 32.1. 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 not-inherently-limited transformer coupled with an overcurrent protective device in the output
circuit;

c) A combination transformer and fixed impedance; or

d) An arrangement equivalent to 32.2(a), (b), or (c).

Table 32.1
Low-voltage, limited-energy circuits

Inherently limitdgd transformer (overcurrent protection not Not-inherently-limited transformer(overcurrent|protection
required) required)
Over 20 volts | Over 30 volts Over 15 volts’ | Over 20 volts|| Over 30 volts
but no more but no more but né;more but no more but no more
Circuit voltage || 0 — 20 volts | than 30 volts | than 60 volts | 0 — 15 volts | than'20 volts | than 30 volts|| than 60 volts
(volts)@ AC orbcP | Ac or DCP pcP AC orbc? | At orpcP | AcorbcP pcP
Power - - - 350 250 250 250
limitation
(volt-
amperes)©
Current 8 8 150/v2 1000/v2 1000/v2@ 1000/v2@ 1000/v2
limitation
amperesd
Maximum - - - 5 5 100/v2 100/v2
overcurrent
protection
(amperes)
NOTE - In all cgses the applied primary voltage shall be as indicated in Table 38.1.
& Maximum outgut voltage, regardless of load, with applied voltage as specified in Table 38.1.
b The waveform|shall comply with the requirements in Table 30.1
€ Maximum voltjampere output, regafdless of load, and overcurrent protection (if provided) bypassed.
d Maximum outgut after 1 minute of-eperation under any noncapacitive load, including short circuit, and with ovércurrent
protection (if prgvided) bypassed.

32.3 The secpndary.winding of the transformer and the fixed series impedance or regulator specified in
32.2(b) and (q) are to be evaluated as part of the hazardous energy circuit.

32.4 The overcurrent-protective device specified in 32.2:
a) Shall not be of an automatically-reset type and
b) Shall be trip-free from the reclosing mechanism if of the manually-reset type.

32.5 A component or assembly described in 32.2 shall be subjected to the tests described in Test for
Low-Voltage, Limited-Energy Circuits, Section 46.
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33 Nonhazardous Secondary Circuits

33.1 There are no specifications for insulating material, spacings, and components in a nonhazardous
secondary circuit other than as may be required to prevent contact with an uninsulated live part of another
circuit.

Exception No. 1: Printed wiring boards shall comply with the requirements described in Table 25.1.

Exception No. 2: Wiring not segregated or routed from wiring involving risk of fire or electric shock shall
be rated VW-1.

33.2 A nonhazardous secondary circuit is considered to exist if the source of power to the circuit is not
capable of:

a) Prpducing an open circuit voltage exceeding the applicable value specifigdyin Table 30.1 and

b) Ddlivering power of more than 15 watts into an external resistor cennected gingly between
each pf those points and any return to the power supply.

33.3 An overgurrent protective device may be used to limit the available_power to 15 watt$ or less.

33.4 To determine compliance with 33.2, the source of supply forcanonhazardous secondary circuit shall
be subjected {o the tests described in Test for Nonhazardous Secondary Circuits, Section 47.

34 Accessibillty of Live Parts
34.1 General

34.1.1 Alive part including audio output or speaker terminals that involves a source of electric shock shall
not be accesgible to the extent that it is touchable during intended operation or servicing by the user.

34.1.2 The agcessibility of a live part js\te"be determined in accordance with Table 34.1.

Table 34.1
Recessing of live parts

Maximum width of slots —inches Diameter of round holes — inches Minimum distance betwpen opening
(mm) (mm) and live part &
Lesq than 1(25%4) Less than 1 (25.4) ProbeP
More than 1 but no more than 2 (50.8) 5D
1 (25.4) but povmore than 2 (50.8) More than 2 (50.8) but no more than 3 6D
(76.2)
More than 2 (50.8) but no more than 3 - 7D
(76.2)
2D s the diameter of the largest sphere that passes through the opening.
b See Figure 34.1 for a description of the probe. No force is to be applied to the probe to determine accessibility.
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Figure 34.1
Probe for determining accessibility of live parts

Figure 34.1 revised February 6, 1998
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34.1.3 Regarding the application of the accessibility probe, the probe may be articulated into any
configuration and may be rotated or angled to any position before, during, or after insertion into the
opening. The penetration may be to any depth allowed by the opening size, including minimal depth
combined with maximum articulation.

34.1.4 A friction-fit knob, snap cover, or similar loose part may be removed or opened when determining
accessibility.

34.2 Adjustment opening

34.2.1 A part beyond an opening that might be used in making an adjustment (considered a function of
user serwcmg) is not conS|dered to be acceSS|bIe when a 1/8 mch (3 2- mm) d|ameter straight rod is

A H to all positions
possible withgut producmg an angle of more than 30 degrees between the rod and a Ilne drawn between
the center of {he opening and the center of the face of the adjusting mechanism. As(illustjated in Figure
34.2, the length of the rod inside the opening is not to exceed the distance D between th¢ opening and
the face of thg adjusting mechanism by more than 3 inches (76.2 mm).

Figure 34.2
Accessibility of live part through adjustment,opening

D
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{
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LN -/ LIVE
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34.3 Top opening

34.3.1 An opening in the top of the equipment enclosure shall be such that a freely suspended, vertical
test pin, 5/32 inch (4 mm) in diameter, is not able to penetrate to a depth of 4 inches (100 mm) if such
penetration results in a risk of electric shock. The equipment enclosure shall be tested under the
conditions described in 34.3.2.

Exception No. 1: An opening (D) in a top surface that makes an angle of 30 degrees or more with the
horizontal is acceptable if the opening projection onto a horizontal plane (D’) as shown in Figure 34.3 does
not exceed 5/32 inch (4 mm) when measured in the direction of the horizontal projection of a line tangent
to the maximum slope of the surface in which the opening is located. The upper edge of the opening is
the point of tangency between a vertical line and the enclosure above the open/ng The /ower edge of the

Open’ng IS t NUII N. Uf Lal IHCI Iby bULVVUCI! LhC T l\allUDUlC bCI’UVV llL;C U’JCI lII Iy Ar Id A III that S/Opes
downward awgy from the enclosure at an angle of 5 degrees to the horizontal.

Exception No) 2: An opening in the top of an overall enclosure having a dimension larger than 5/32 inch
(4 mm) and pfotected by a knob, handle, louver, or similar part is acceptable if alfalling objegt cannot pass
directly through the opening in a vertical direction and, the construction is such that an object placed at
any point on |the enclosure top does not slide or roll into the top opening. This generally requires a
1/16-inch (1.6fmm) high lip on the surface surrounding the opening. A khob protecting an opening is to be
on its shaft a4 far as possible without actually contacting the enclosure:
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S

Figure 34.3
Cross section of enclosure opening
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34.3.2 With re¢gard to 34.3.1, each of the following-is to be applied.

a) Th
area i

b) On

c) Eal
permi

34.4 Protectiy

34.4.1 Proteq

e top of the equipment enclosure shall be any portion of the enclosure that i
N an overhead view of the equipment when the equipment is resting on a hori

e screens and barriers

tiveNscreens or barriers, openings larger than those covered in Table

afnaninac 1 f!r\\/ib!n matariale arn ta ha cancidarad ranardina tha intant Af tha

OUTER SURFACE
OF ENCLOSURE

5 a part of the
rontal surface.

ly the drawers and covers needed for operation shall be opened.
ch push buttonsshall be in the position that creates the largest opening that the construction
S.

34.1, irregular

openings, an

OpPCTTmTg ST TX COTtc oo arc o ot oo o tTregor o gt it e o o

34.5 Control shaft

requirements.

34.5.1 A control shaft that involves a possible source of electric 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.

34.5.2 A setscrew, sealing compound, or a device that depends upon friction to prevent removal of a

knob from the

exterior of the enclosure shall not be used.
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34.6 Captive part

34.6.1 A part of the equipment shall be made captive or shall otherwise be arranged
omission when that part:

a) Is subject to removal during user servicing,
b) Is not essential for the functioning of the equipment,
c) Is not exposed to view during intended use, and

d) If omitted, may produce a risk of electric shock.

to prevent its

34.7 Octal base tube socket

34.7.1 An octpl base tube socket shall have its pin contacts recessed 0.057 inch(1.4mm)
shall prevent gontact between a pin connected to any accessible metal part of a.tube and
that involves & source of electric shock.

34.8 Interlocks
34.8.1 An interlock to reduce the risk of electric shock or injury\to persons shall be Ig
unintentional ¢peration is unlikely and constructed and installed‘so that the interlock compli
more of the fdllowing:

a) The interlock device shall be such that it cannot be defeated readily without:
1) Damaging the equipment,
2) Making wiring connections'or alterations,
3) The usage of othey-than ordinary tools, or
4) Using materials other than those readily available. (Adhesive ta
conventional extension cord sets are considered readily available.) When t
contact switches must be operated to energize the equipment, the arra
comply with"34.8.1(a)(4). The operating means shall be spaced from each

live pafts-so that if they are operated simultaneously by one individual, con
part\will be unlikely.

minimum and
socket contact

cated so that
es with one or

be, string, or
VO momentary
hgement shall
bther and from
fact with a live

ion and user

b) Thieninterlock device of the equipment is such that during intended opera

servicing:

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

(for example,

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

5) The equipment is marked as required in 65.2.1.
34.8.2 A part that is recessed more than 2-1/2 inches (63.5 mm) from the edge of the cabinet opening,
usually in 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.

34.8.3 When it is necessary to remove a chassis from the cabinet for user servicing, the arrangement of
the interlock assembly shall not be readily defeatable with the chassis out of the cabinet.

35 User Servietag

35.1 User selvicing includes the following:
a) Baftery — Replacement of a battery other than one intended to be soldered in glace.
b) Fuse — Replacement of a fuse other than:

1) One intended to be soldered in place.

2) One not readily perceptible by the user; a‘fuse is not readily perceptible if located

within a chassis, compartment, or enclosure within the overall equipment that makes the

fuse invisible to the user. If the enclosure_has a cover, it is to be one that:

i) Does not need to be opened or removed during intended opdration or user
servicing,

i) Can be opened or‘removed only with a tool, and
i) Is preventedifrom being discarded.
A fuse is readily perceptible if recognizable during intended operation or jiser servicing,
either visually (on by touch, or if the fuse is indicated, either on the eqliipment or on

literature packed with it.

Exceptian: The literature specified in 35.1(b)(2) does not include schematic circuit
diagrams or instructions for service personnel as described in 66.1.2.

3) One that is within a compartment provided with the marking described |n 65.1.1.

¢) Vacuum Tube — Replacement of a vacuum tube other than a tube intended to be soldered in
place.

d) User Adjustment — Adjustment of a marked adjustable control or an adjustable component
accomplished with ordinary tools, with the equipment in operation, and without defeating the
interlock.

e) Unmarked Adjustment — Adjustment of an unmarked adjustable control accomplished without
a tool, with the equipment in operation, and without defeating the interlock.
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f) Terminals, Jacks, Connectors — User accessible terminals, jacks, and connectors (including
those that are recessed) intended for connection of other accessories and equipment such as
microphones, speakers, turntables, tape recorders, amplifiers, and preamplifiers.

36 Field-Installed Accessories

36.1 For these requirements, accessory equipment is defined as a piece of equipment intended to be
attached or added to equipment by the user and of a size so that it may be marked for identification by a
catalog number or its equivalent. Accessory equipment is usually dependent upon the basic appliance for

mechanical or electrical support or input and may or may not, by itself, perform a complete function.

36.2 Accessory equipment shall be constructed so that it can be added to equipment without creating a

risk of fire, elq
36.3 The ing
accomplished
to a receptacl
37 Protection
37.1 General
37.1.1 Arisk

a) A
opera

b) A
or cle

c) Th
that it

37.1.2 Equipn
Test, Section

37.2 Power-0

37.2.1 The adg
by the applicd

e . 1 o +
CLUTG OTTUCUK, UT IIIJUIy |4 HCIOUI 1o,
tallation of accessory equipment shall be restricted to an arrangément
mechanically by means of ordinary tools and electrically by means-of @& plug
b available on the appliance or as a part of the building wiring.

Against Injury To Persons

pf injury to persons is considered to exist when;

power-operated moving part such as a gear or linkage is accessible du
ion;

Eharp edge, burr, or projection is present that can cause injury during user g
hning; or

b degree of stability of the egquipment or the equipment on a cart or stand used
can contribute to the risk*ofinjury.

hent shall be subjected to the tests described in 37.2.1 — 37.4.1 and Strengt
b6, to determine (Whether the conditions described in 37.1.1 are present.

perated mowing parts

cessibility of a power-operated moving part (such as a gear or linkage) is to
blesaceessibility requirements in 34.1.1 — 34.1.4 and 34.4.1. The accessibility

are to be applied after the installation or assembly of parts provided by the manufacty

that can be
-in connection

ring intended

ssembly, use,

with it is such

h of Enclosure

be determined

requirements
rer has been

completed in accordance with the instructions provided by the manufacturer. The requirement does not
apply to any of the following constructions:

a) A pick-up arm assembly, turntable, or similar part on the top surface of a record changer or
player.

b) A tape reel or tape drive mechanism that must be exposed for intended use. However, a gear
or linkage is to be evaluated for accessibility when the construction permits that part to move with
a tape reel, cartridge, or cassette removed from its operating position.
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c) A gear or linkage that is accessible only after lifting a side or corner of a spring-mounted motor
board (record changer or record player chassis). Accessibility to a power-operated moving part is
to be determined with the record changer or record player in its intended playing position. A
spring-mounted or suspended motor board is to be captive so it cannot be easily removed or lifted
from the mounting surface.

37.3 Enclosures and guards

37.3.1 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 34.1 to
contact the part when inserted as described in 34.1.3.

a) Md

b) Se

c) Provided with interlocks to protect against access to the source of injury.

37.3.3 An en

37.3.4 The rg
considered a

37.4 Sharp e
37.4.1 An ed
equipment sh
intended use
PERFORMAN
38 General

38.1 Alternati

38.1.1 Equipr
equipment co

unted to the assembly so that such parts cannot be operated with a guard r

cured to the assembly using fasteners requiring a tool for removal; or

losure or guard shall be subjected to the tests described in 56.4.1 — 56.4.3.

hossible source of injury to persons.

lges and projections

je, projection, or corner of an enelosure, opening, frame, guard, knob, or
All be smooth and round and ot sufficiently sharp to cause cuts when co

Dr user servicing of the equipment.

CE

hg-current and direct-current equipment

hent having both alternating current and direct current ratings is to be te
nected to an alternating current supply and again to a direct current supply.

injury shall be

pmoved;

quirement in 37.3.3 applies to that portion of<a~guard adjacent to a movipg part that is

handle, of the
htacted during

sted with the

Exception:

maximum operating conditions.

There is no need to conduct both tests if it can be established that one test results in the

38.2 Voltmeters

38.2.1 Unless otherwise indicated, voltage measurements are to be made with a voltmeter having a
resistance of 2000 ohms per volt minimum for potentials of 1000 volts or less.

38.2.2 The open circuit voltage measurement in conjunction with a leakage or electric shock current
determination is to be made with a measuring instrument that has an input impedance that does not
significantly affect the circuit being measured. In general, a measuring instrument with a minimum input
impedance of 1 megohm can be used.
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38.3 Cheesecloth indicators

38.3.1 Cheesecloth used for tests shall be untreated cotton cloth running 14—15 square yards per pound
(26—28 square meters per kilogram) and having what is known to the trade as a count of 32 by 28.

38.3.2 Tests i

nvolving cheesecloth are to be made in a room free of drafts.

38.4 Supply circuit voltage and frequency

38.4.1 All operational tests shall be conducted with the equipment connected to a supply circuit of rated
frequency and of the voltage indicated in Table 38.1.

—

ATl N | o 1l

Exception:
rating and ma

-

PTRTI- V- C O Y S 2N ol L fracy = £ ot L £ tacl " H
UIPTTITCTIC VVILNT c UuAar mmocyucrivy TAatrry 1o tU Ue (LoltUu Ao mov Tic 1o7T

y also be tested at the second frequency if such testing is warranted.

T OU T1Z;

Table 38.1
Operation test voltages

cluded in the

Marked voltd

a

bperation

ge rating between Test voltage for intended operation [estwoltage for abnormal

105 — 130 Maximum marked voltage, but no less 130°
than 120

P10 — 260 Maximum marked voltage, but no I€ss 110 percent of maxin
than 240 voltage, but no less thg

than 260}

hum marked
n 240 or more

@ Primary circuif
240 volt range,

P The test volta
voltage value m
a higher voltage

adjustments, if any, are to be set for the minimum voltage-that is in the 105 — 120 volt range, d
nd the potential of the supply circuit is to be as prescribed for the applicable voltage range.

e may be reduced to a lower value, but no less than 105 volts or 210 volts, respectively. The |
hy be used for abnormal operation tests where.the lower value will represent a more severe co
would cause a protective device to open the circuit.

rin the 210 —

wer test
dition or where

39 Operation

39.1 Operatid
injury to persq

39.2 A sampl
accordance W
intended mair
equipment in
manipulation
Operation is t

Test

n of the equipment as deseribed in 39.2 shall not increase the risk of fire, ele
ns.

b of the equipment)in the as-received condition is to be set up or installed a
th the manufacturer’s instructions regarding the intended uses of the equipn
tenance and-cleaning, with all accessories supplied by the manufacturer fo

Df all_controls) and operated under the various loading conditions that can
0 be_for a sufficient length of time or through a sufficient number of cycles

ctric shock, or

hd operated in
hent, including
r use with the

place. The equipment is to be manipulated as it would be in actual yse (including

be expected.
such that all

reasonably fo

eseeable complications are revealed.

40 Leakage Current and Shock Current Tests

40.1 Leakage current

40.1.1 The leakage current of cord connected equipment when tested in accordance with 40.1.2 — 40.1.7
shall not be more than specified in 30.2.1.
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40.1.2 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.

40.1.3 All exposed conductive surfaces are to be tested for leakage currents. The leakage currents from
these surfaces are to be measured to the grounded supply conductor individually as well as collectively
where simultaneously accessible, and from one surface to another where simultaneously accessible. A
part is considered to be an exposed surface unless guarded by an enclosure considered to protect against
electric shock. Surfaces that can be readily contacted by one or both hands of a person at the same time
are considered to be simultaneously accessible. These measurements do not apply to terminals operating

at voltages that are less than 30 volts.

40.14 Ifac

L

leakage curre
with the surfa
the surface.
equipment.

40.1.5 The m
measurement
need only ing
instrument; it

a) Th
0.15 1

b) Th
of volt

c) Ov
respo
ofal
0.5 m

d) un
the m

40.1.6 A san]

al ' £ 1o +ha. tal o £ +lo ] 4 £ &
TTUULLIVE oultacvt ULt iarr mmttar 1o uotTu TUT UTC TTILIUoUTTC Ul part Ut uic

Nt is to be measured using a metal foil with dimensions of 10 by 20 centine
ce. If the surface is less than 10 by 20 centimeters, the metal foil is to_be, the

The metal foil is not to remain in place long enough to affect theitemp

easurement circuit for the leakage current test is to be as ‘llustrated in Fig
instrument is defined in 40.1.5(a) — (d). The meter that is‘actually used for a
icate the same numerical value for the particular measurement as woul
need not have all of the attributes of the defined instrument.

e meter is to have an input impedance of 1500-8hms resistive shunted by a
nicrofarad.

e meter is to indicate 1.11 times the ayerage of the full wave rectified compg
age across the resistor or current throtgh the resistor.

er a frequency range of 0 — 10Q-Kilohertz the measurement circuitry is to hay
nse (ratio of indicated to actuial value of current) that is equal to the ratio of t

enclosure, the
ters in contact
same size as
brature of the

ure 40.1. The
measurement
d the defined

capacitance of

site waveform

e a frequency
he impedance

500 ohm resistor shunted“by’a 0.15 microfarad capacitor to 1500 ohms. At

pter is to be cannected between the accessible parts and the grounded su

condition with
Equipment th
temperature i

{

n indication of

liampere, the measurement is to have an error of not more than 5 percent gt 60 Hz.

less the meter is(being used to measure current from one part of the equipment to another,

ly conductor.

ple of the™equipment is to be tested for leakage current starting with the as-received
all switehes closed, but with its grounding conductor, if any, open at the attachment plug.
t has not been energized for a minimum of 48 hours prior to the test and that is at room
considered to be in the as-received condition. The supply voltage is to be|the maximum

voltage marked on the equipment, but not less than 120 or 240 volts. The test sequence, with reference

to the measur

ing circuit (Figure 40.1) is to be as follows:

a) With switch S1 open, the equipment is to be connected to the measuring circuit. Leakage
current is to be measured using both positions of switch S2, and with the equipment switching
devices in all of their intended operating positions.

b) Switch S1 is then to be closed, energizing the equipment, and within 5 seconds the leakage
current is to be measured using both positions of switch S2, and with the equipment switching
devices in all their intended operating positions.
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c) Leakage current is to be monitored until thermal stabilization. Both positions of S2 are to be
used in determining this measurement. Thermal stabilization is to be obtained by operation of the
equipment as in the Temperature Test, Section 42.

Figure 40.1

Leakage current measurement circuits
Figure 40.1 revised February 6, 1998

- ~ ~ — S2 PRODUCT METER
f N
o s
120V =
! L7 |
-

St

=3 | | NsuLaTING

TABLE

GROUNDED SUPPLY CONDUCTOR
LC100

Equipment intended for connection to a 120-volt power supply.
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- PRODUCT METER
t 120V
240V <——
‘ 120V
3
ST % INSULATING
- TABLE
GROUNDED SUPPLY CONDUCTOR B
LC200

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

LC300

o

INSULATING
— TABLE

GROUNDED SUPPLY CONDUCTOR B

Equipment intend

A. Probe with shi

B. Separated and

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

blded lead.

used as clip when measuring currents from one part of equipment to another.
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40.1.7 Usually the complete leakage current test described in 40.1.6 is to be conducted without
interruption for other tests. With the concurrence of those concerned, the leakage current tests may be
interrupted for the purpose of conducting other nondestructive tests.

40.2 Electric shock current

40.2.1 All parts accessible during user servicing are to be tested for electric shock current. The currents
from these parts are to be measured to the grounded supply conductor individually as well as collectively
if simultaneously accessible and from one part or group of parts to another part or group of parts if
simultaneously accessible. Parts are considered to be simultaneously accessible when they can be
contacted by one or both hands of a person at the same time. For this measurement, one hand is
considered to be able simultaneously to contact parts that are within a 4 by 8 inch (102 by 203 mm)

rectangle; ang
not more than

40.2.2 Electri

40.2.3 If the

e 2N pA| £ il ot Ll H 1+ 1 4 4 $
wwvu Tiarivo Ul a PgelToulmT drc CUTTOTUTTTU TU UL AVTC oSlfTTUIitaricuuoly tu - Luritavy

6 feet (1.8 m) apart.
C shock current refers to all currents, including capacitively coupled-cutrents.

bquipment has a direct-current rating, measurements are to betmade with

connected in qurn to each side of a 3-wire, direct-current supply circuit.

40.2.4 Unrelig
between live |
stereophonic

dielectric capa3

40.2.5 An un
other solid-stg
one at a time

40.2.6 Currer]

a) Wi
operal

ble insulation, such as that usually used between the yoice coil and the frame
arts and the metal frame of a phonograph pickup cartridge, between the two
phonograph pickup cartridge, and between the‘plates of an adjustable ¢
citor, may be short-circuited during the test.

eliable component, such as a rectifier, vacuum tube, electrolytic capacitor
te device that affects the electric shock current are to be open-circuited or
during the tests.

t measurements are to be made:

th any operating control\er adjustable control that is subject to user op
ing positions and

b) Either with or witho(t)a tube, separable connector, or similar device in place.

40.3 Electric

40.3.1 In an §
any accessibl

hock at audiorbutput under fault conditions

implifier-audio output circuit tested in accordance with 40.3.2 — 40.3.5, the vo
e partras described in 34.1.2, and any other accessible part including es

another acceg

parts that are

he equipment

of a speaker,
channels of a
r variable air

transistor, or
short-circuited

eration, in all

Itage between
rth ground or

sible part of the audio output circuit, is not to exceed:

a) 60
b) 60

Exception:

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.

resistor connected between the parts satisfies the following equation:

This requirement does not apply if the duration of current through a 500-ohm noninductive
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/
in which:

I is the peak current (in milliamperes), which shall not exceed 809 milliamperes regardless of
duration; and

T is the duration (in seconds) measured from the time that the instantaneous value
excegds 7.1 milliamperes, until the time that the current falls below 7.1 milliampe
time. [The interval between occurrences shall be equal to or greater than 60eeond
is repktitive.

40.3.2 A varlable resistor is to be connected between any two terminals of a discr
component (fgr example; vacuum tube, diode, electrolytic capacitor, transistor, integrated
in the audio gutput circuit. The amplifier is to be operated under_ nQ:input signal condition
connected to the audio output.

40.3.3 The variable resistor is to have a resistance value high enough so that, when initi
across the terminals of the component in the audio outpufceircuit being tested, there is no 4
operation. The variable resistor is also to be capable of being reduced to zero resig

conducting la

40.3.4 With th

as intended umpder no-load conditions, the variable resistor is to be slowly reduced in value &

at the audio o
output exceeq
component of|

either an open circuit or a short-¢ircuit, whichever produces the more unfavorable results.

be continued
the voltage is

40.3.5 Follow
operating ord
terminals. The

Added 40.3.1 effective December 13, 1996

e magnitudes of current.
e equipment connected to a supply circuit according to 38.2.1 and Table 38.1

tput is to be monitored. If.thé equipment ceases to function before the voltag
s the values specified ‘in) 40.3.1, the cause of the malfunction is to be de
her than a fuse or overload protector or limiter has been damaged, it is to b

intil zero resistance of the variable resistor is reached, the maximum voltage
reduced or_interrupted by the opening of a fuse or overload protector or limit

ng the'test procedure specified in 40.3.4, the new equipment, or one repai
br, is €0 be additionally tested by suddenly applying a short circuit across
Qutput voltage waveform is to be recorded on a storage oscilloscope or by

of current first
es for the last
s if the current

bte unreliable
Circuit) located
5 with no load

ally connected
ffect on circuit
tance and of

and operating
nd the voltage
e at the audio
termined. If a
e replaced by
The test is to
is reached, or
er.

red to original
the same two
similar means.

40.3.6 When the maximum value of output voltage measured according to either 40.3.4 or 40.3.5
exceeds the values specified in 40.3.1, a 500-ohm noninductive resistor is to be connected between the
parts. The tests specified in 40.3.4 or 40.3.5 (or both if the maximum value of output voltage exceeded
the specified values when the equipment was tested according to both paragraphs) are to be repeated;
however, the current through the 500-ohm resistor (rather than the open-circuit voltage) is to be

monitored.

40.3.7 The results comply when the duration of the current through the resistor satisfies the equation for
transient electric shock specified in 30.3.1.

40.3.8 When a fuse, other circuit protective element, protector, limiter, or similar device is relied upon to
open the circuit, then the equipment is to be marked in accordance with 64.8.1 and 65.3.1.


https://ulnorm.com/api/?name=UL 813 2013.pdf

DECEMBER 13, 1996 COMMERCIAL AUDIO EQUIPMENT - UL 813 59

40.3.9 When the protective or limiting function is accomplished through the use of solid-state circuitry to
provide sensing, cut-off, or limiting the equipment with protective or limiting, circuitry shall complete
100,000 cycles of operation, simulating the fault(s) that it is intended to interrupt or clear, to reduce the
risk of hazardous potentials appearing at the speaker terminals.

40.3.10 To determine compliance with 40.3.9, three samples of the equipment are to be subjected to the
cycling test. Upon completion of the required number of cycles, the test specified in 40.3.4 or 40.3.5 is to

be repeated.

41 Power Output and Power Input Tests

41.1 Power o

utput

41.1.1 The aydio input connections of the equipment or system to be tested are to be cohn
wave oscillatdr, the frequency of which is adjusted to 1000 Hz or the geometric mean fre
upper and lower frequency limits of the equipment or system under test. (The geaometric m
is equal to thg square root of the product of the low frequency limit and the high~frequency
frequency limif is to be 20 Hz or the manufacturer’s rated value, whichever is higher; the up
limit is to be 20 kHz or the manufacturer’s rated value, whichever is lower:

41.1.2 The ggometric mean frequency corresponding to the rated frequency response of e
to be applied ps the input signal for the channel(s) of equipmentdntended only to cover a

of the audio f

41.1.3 Tone (
volume contrd
to a resistive
equipment arg

41.1.4 The s
maximum ung
selected so th
Maximum und
using an oscil
is defined as
input signal vq
percent. If the
be used to m
greater than
corresponding

quency range, such as a bass amplifier, biamplifier,”and the like.

ontrols, filters, and wave-shaping controls areto be set in the "flat” response

| is to be initially set in the middle of its range. The output connectors are to
load matched to the manufacturer’s, output load rating. Speakers prov
to be electrically replaced with an.eguivalent resistive load.

ne wave oscillator output and-amplifier volume control are to be adjus
istorted output power. The amplifier input used for the sine wave oscillator
at the sine wave is not-distorted at a stage (for example, preamp) prior to
istorted output power is te’be determined by visually examining the wave shg
oscope. If a clearly.delineated clipping is not visible, the maximum undistorteg
the power reading)after the amplifier transconductance (the output current
ltage) or the voltage gain (the output voltage divided by the input voltage) has
e is a question about clipping or flattening of the output sine wave, a distortior
pasure thietotal harmonic distortion (THD) present in the waveform. The TH
1 percent. This is to be repeated for the range of audio load impeda
wattage ratings for the amplifier.

ected to a sine
quency of the
can frequency
limit.) The low
per frequency

ach channel is
limited portion

positions. The
be connected
ided with the

ted to deliver
butput is to be
amplification.
pe for clipping
output power
Hivided by the
changed 10.0
analyzer may
D is to be no
hce taps and

41.1.5 During the measurement of the maximum undistorted output power, fuses, circuit breakers, limit
switches, or other safety devices or circuits are actuated and prevent determination of maximum
undistorted output power, the protective device or protective circuit is to be defeated. If the measurement
is still unattainable, the maximum undistorted output power is to be taken as the manufacturer’s rated
output power.

41.2 Power input

41.2.1 The current or wattage consumption of the sound equipment or system shall not exceed the
marked input rating by more than 5 percent when the equipment is operated under intended conditions as
described in 41.2.2 — 41.2.8 while connected to a supply circuit of rated frequency and voltage as
specified in Table 38.1.
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41.2.2 All controls are to be adjusted to cause the amplifier to deliver measured maximum undistorted
output power or manufacturer’s rated output power, whichever is greater, into matched resistive loads
when operated as described in 41.1.1 and 41.2.3 — 41.2.5. The test is to be repeated throughout the range
of audio load impedance taps provided, and in each case the resistive load is to match closely the rated
output load of the amplifier taps. The input power is then to be determined when the amplifier is delivering
one-eighth output power (considered to be intended operation) as tested above. The power consumption
shall comply with the requirements specified in 41.2.1.

41.2.3 Each input and corresponding output of a biamplifier, multichannel amplifier, or other unit that has
an effect on the total power consumption of the unit is to be operated simultaneously under the conditions
specified in 41.2.2. A biamplifier and similar equipment is to have the 1000 Hz sine wave or sine wave
geometric mean frequency of the rated frequency response for an individual input/output pair applied to
the respectivert

+ H 1+ ]
MPguUto onrunaricuu oty

41.2.4 A signpl processing unit is to be operated as in 41.1.1 with an input sine wave signé
1000 Hz or the geometric mean frequency of the unit, as appropriate, adjusted to provide
undistorted dutput signal, into a resistive load matching the output impedance spq

| frequency of
the maximum
cified by the

manufacturer.|For a unit whose power consumption is not affected by an audio-signal, it is
to provide an|audio signal during the input test. A unit containing any motor; solenoid, or|
found in tape Jmachines, turntables, and the like is to be operated undér conditions appro
of intended uge.

41.2.5 Other fypes of products not covered by 41.2.3 and 41.2.4are to be tested under con
ing intended operating conditions. Equipment incotporating combinations or fea
amplifiers, signal processing units, signal generators, and similar devices to have those
equipment tegted as described for the appropriate equipment.

41.2.6 Equiprpent not having separate audio inputiterminals shall be operated with an ap
signal, as degcribed in 40.1.2, 40.1.6, and 40.1:-A(as appropriate), applied to the first aud
equipment.

41.2.7 Equiprnent that has provision fer.charging a self-contained storage battery is also
while charging the battery from a discharged (but not short-circuited) state.

41.2.8 An uniised receptacle ar connector shall be loaded to its maximum rating and shal
accordance wjth 64.5.1 and 6416.2.

Exception: conventianal, parallel-slot type that is used to supply power to other equipg
accessory negd not'be/loaded for the input test.

42 Temperatre_Test

not necessary
other load as
imating those

ditions closely
ures of power
pieces of the

bropriate input
0 stage of the

0 be operated

be marked in

ment or to an

42.1 General

42.1.1 Equipment shall be subjected to the test conditions described in 42.1.2 — 42.3.6. The results

comply when:

a) There is no temperature at any part sufficiently high to constitute a risk of fire
any materials employed and

b) There is no temperature at specific points higher than those indicated in Table

or damage to

42.1.
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Table 42.1
Maximum temperature rises

Materials and components °C °F
1. Varnished cloth insulation 60 108
2. Fuses 65 117
3. Fiber used as electrical insulation 65 117
4. Wood and other combustible material 65 117
5. Conductors with rubber or thermoplastic insulation 352 632
6. At any point within a terminal box or wiring 35 63
compartment of a permanently connected
appliance in which power supply conductors are
1o be connected including such conductars
themselves, unless the appliance is marked in
accordance with64.12.1.
7. An electrolytic capacitor 40P 720
8. A cabinet of thermoplastic material on a portable, 402 722
cord-connected appliance
9. A selenium rectifier 50:¢ 90&:¢
10. A silicon rectifier 75%.¢ 1353.C
11. Exterior surface of an overall enclosure 65d 1179
12. Handles and knobs See Table 42.2
13. Laminated phenolic composition 1002 1802
14. Phenolic composition 1252 2252
15. Transformers with class 105 insulation systems:
Thermocouple method 65 117
Resistance method 75 135
16. Class 105 insulation systems on coil wihdings of
AC motors (other than universal mofors) having a
frame diameter no larger than 7 inches (178
mm)€
d).In open motors 75 135
(thermocouple or
resistance method)
b) In totally enclosed 80 144
motors (thermocouple
or resistance method)
17. Class 105_insulation systems on windings of
relays,\solenoids, magnets, and the like
Thermocouple method 65 117
Resistance method 75 135
NOTE - Tests cambe made at any room temperature between 10°C (50°F) and 40°C (104°F).

& This limitation does not apply to an insulated conductor, a rectifier, or a material that has been investigated and recognized
for a higher temperature.

Table 42.1 Continued on Next Page
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Table 42.1 Continued

Materials and components | °C

°F

temperature.

semiconductors

DA capacitor operating with a temperature rise greater than 40°C (72°F) may be evaluated on the basis of its marked
temperature rating or, if not marked with a temperature rating, may be investigated to determine its use at the higher

C A rectifier operating with a temperature rise greater than 75°C (135°F) may be judged on the basis of its case temperature at
the actual current compared with the case temperature at rated current (derating curves).
d This limitation does not apply to that portion of semiconductors (including their heat sinks) on the rear surface of amplifiers
and the like that cannot touch a vertical wall surface placed immediately behind the equipment, nor to vacuum tubes and

(including their heat sinks) of amplifiers and the like that are intended for protected installations.

€ The motor diameter is to be measured in the plane of the laminations as the diameter of the circle circumscribing the stator
frame. All lugs, boxes, and the like used solely for motor mounting, assembly, and connection are to be excluded.

42.1.2 Equipn
until constant
with the equi
conditions arg

42.1.3 Opera

overcurrent protective device of the single operation (nonresettable) typg, to function.

42.1.4 If oper|

overcurrent protective device to function (including those that Jimit power supply output), th

tested as des

42.1.5 Option
provided by

conditions de
shall not func

42.1.6 Ording
mounted on t
instance, a cq
asbestos, or 1
method is to
motor other th
by item 16 of
conductor. At
heat, a "hot s|
if the temperd|

hent when subjected to the test conditions described in 42.1.3 — 42.3.6,)s-t
temperatures are reached with all unused receptacles loaded to their maxim
pbment mounted, positioned, closed, or enclosed to represent intended U
not described.

ion of an amplifier under the conditions described in 42.1,2\is not to causé

ation of an amplifier under the conditions describedin’42.1.2 causes a resetts
Cribed in 42.1.5 and 48.5.1.

al cooling or ventilating equipment, as.réeommended in an installation an

e manufacturer, is to be installed. The temperature test is to be repea
cribed in 42.1.2. The resettable overcurrent, overtemperature, or other prg
ion under these conditions.

e outside of the coil wrap.*When the coil is inaccessible for mounting ther
il immersed in sealing compound or a coil wrap that includes thermal insu
hore than 1/32 inch (0.8 mm) of cotton, paper, rayon, or similar insulation],
be used. For thé_thermocouple-measured temperature of a coil of an alte
an a universal\motor having a frame diameter of 7 inches (178 mm) or less
Table 42 15the thermocouple is to be mounted on the integrally applied in
a point enithe surface of a coil where the temperature is affected by an exte
ot" temperature no higher than 105°C (221°F) on the surface of a coil winding
turé,_as measured by the resistance method, is no more than that specified

D be operated
Im rating, and
se when use

b a thermal or

ble thermal or
e unit is to be

0 use manual
ed under the
tective device

rily, the temperature of a, cojl~or winding is to be measured by means of fhermocouples

nocouples [for
ation such as
the resistance
nating current

as described
Sulation of the
rnal source of
is acceptable
in Table 42.1.

42.1.7 When using the resistance method, the windings are to be at room temperature at the start of the
test. The temperature rise of a winding is to be calculated from the formula:

in which:

At=$(k+t1)—(k+t2)


https://ulnorm.com/api/?name=UL 813 2013.pdf

OCTOBER 4, 2013 COMMERCIAL AUDIO EQUIPMENT - UL 813

63

AT is the temperature rise of the winding in °C;

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

r is the resistance of the coil at the beginning of the test in ohms;
t; is the room temperature at the beginning of the test in °C;

t, is the room temperature at the end of the test in °C; and

k is 234.5 for copper and 225.0 for electrical conductor grade (EC) aluminum. Values of the

constant (k) for other grades must be determined.

42.1.8 All valpies in Table 42.1 are based on an assumed ambient (room) temperature ‘0
but a test may be conducted at any ambient temperature within the range of 10 — 40°€ (5

42.1.9 Itis standard practice to use thermocouples consisting of 30 AWG (0.05 mm?) iron a

wire and a potentiometer-type instrument. Such equipment is to be used whenever refere

measurement

thermocouple$, other types of thermocouples as described in the Tolérances on Initial \

versus Temp
Tables for St3

42.1.10 Thermal equilibrium is considered attained when_three successive readings taker

intervals indic

42.1.11 The ¢
as described

42.1.12 The 4
per octave, 2
consumption

per octave as|
and high fred
manufacturer.
of the measu
Tests, Sectiorn
matching loa
accordance W

by thermocouples are necessary. When it is not practical\o use iron a

rature tables in the Standard Specification and Temperature-Electromotiv
ndardized Thermocouples, ANSI/ASTM E230/E230M;'may be used.

42.1.9 revised October 4, 2018

hte that there is no temperature change ofthe part.

n Table 38.1.

quipment is to be operated with a pink noise audio input signal (band-limited
D Hz to 20 kHz, equal .energy per octave) connected to each input affect
bf the unit, coupled through a filter circuit with a frequency roll-off of minimu
follows. The amplitude-probability distribution shall be three standard devia|
uency figures of the amplifier specified in 42.1.12 (a) and (b) are those
The signal amplifude is to be adjusted to cause the unit to deliver power equal
red maximuam undistorted output power as described in Power Output an

quipment is to be set up or mountedras in actual service and connected to &

f 25°C (77°F),
D — 104°F).

nd constantan
e temperature
nd constantan
alues of EMF
b Force (emf)

at 15 minute

supply circuit

at 12 decibels
ng the power
m 12 decibels
fions. The low
given by the
to one-eighth
Power Input

41, or ené-eighth of the manufacturer’s rated output power (whichever is greater) into the
l impedance that produced the maximum input power consumption when tested in
th.41,2.1. The output power is to be calculated using the relation P = E2 /R in which E is

the voltage m

pasured by a true rms indicating voltmeter across the noninductive resistive putput load R.

a) Low Frequency — Corner frequency (point where an audio signal is down 3 decibels) of a
high pass filter set at 50 Hz or as close as practicable to twice the low frequency response

figure,

whichever is greater.

b) High Frequency — Corner frequency of a low pass filter set at 20 kHz or as close as
practicable to one half the high frequency response limit figure, whichever is lower.
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Exception: At the manufacturer’s request, the temperature test may be conducted using a 1 kHz 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.

42.2 Rack-mounted equipment

42.2.1 A large rack or console involving several units grouped in a single large enclosure is to be placed

against a verti

cal wall of wood or comparable material.

Exception No. 1: This requirement does not apply to equipment obviously intended for installation in the

open.

Exception No
spacing of 18
other factors,

Exception No.,

on the rear stuirface, is to be spaced 1 inch (25.4 mm) from the wall surface; or the equif

placed as clog

42.2.2 Anind
provided with
rack-mounted

42.2.3 Anind
is to be install
the top of the
the unit. A re

remaining fromt panel area is to be filled withi.blank panels. The resistor panel is to be ¢

source of sup
unit under te
recommendat
described in t

Exception: A
unit is to be o

42.2.4 The m
constructed o

2: If the back of the equipment is provided with covers or doors for seryiciy
inches (457 mm) is to be maintained between the back of the enclosuret@nd t
such as the space needed for the swinging of hinged doors, requires & grea

3: Equipment intended for installation against a wall, and provided with ventil,

be to the wall as its construction will permit.

vidual appliance that can be used as rack-mounted guipment or portable eq
a complete enclosure by the manufacturer is\to” be tested under the
equipment, or for portable equipment, whichevet is more severe.

vidual amplifier, signal processing unit, orssimilar device having provision for

ed in a test rack constructed of metal, as‘described in 42.2.4. The unit is to
Fack, and a standard 1-3/4 inch (44.52mm) high blank panel is to be mounted

g, a minimum
e wall (unless
fer spacing).

ntion openings
bment is to be

uipment when
conditions for

rack mounting
be mounted at
directly below

bistor panel as described in 42.2.5.s then to be mounted below the blank panel, and the

bly adjusted to cause the resistors to dissipate power equal to the power dis
st. The rack is to be-positioned as described in 42.2.1, taking into
ons that can be carried~out with materials supplied as part of the basic
ne manufacturer’s instruction manual.

second sample_of the unit under test may be used in place of a resistor pant
perated with-thé same input signal and output power of the unit under test.

ponnected to a
Sipated by the
consideration
bquipment, as

2/, The second

anels is to be

etal rack/for mounting equipment with standard 19-inch (483-mm) front p
metal no thinner than 0.053 inch (1.34 mm), having approximate overall di

ensions of 32

inches (0.81 np)*high by 22 inches (0.56 m) wide, with a clearance depth of 16 inches (406 npm) or greater,
if needed to contain the equipment under test. Clearance depth of greater than 16 inches is not to exceed
the product depth by more than 3 inches (76.2 mm). The panel space is to accommodate standard 19 inch
panels. The left and right sides are to be provided with louvers. The louver area is not to exceed 30
percent of the side area, and the total opening area is not to exceed 5 percent of the side area. The top
is to be solid and the rear door is to have an opening for ventilation across the bottom 2-1/2 inches (63.5
mm) high, or louver openings may be located in the rear door to provide an equivalent open area for
ventilation.
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42.2.5 The resistor panel referred to in 42.2.3 is to use a standard 19-inch (483-mm) rack panel, 5-1/4
inches (133 mm) high, and a metal top panel with dimensions the same as the bottom of the unit under
test. The top panel is to support the resistive loads, mounted underneath, that will dissipate energy as
described in 42.2.3, simulating the heat contribution of similar equipment mounted below.
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42.3 Portable equipment

42.3.1 Portable equipment 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 1-inch spacing requirement may be waived if the arrangement of ventilation and
similar cooling factors is such that operation against a wall (as compared with operation in the open) will
not increase operating temperatures.

Exception No. 2: This requirement does not apply when of the device is constructed so that a spacing
greater than 1 inch is maintained.

42.3.2 Doors closed during
the test.
Exception: donsideration may be given to the actual conditions of intended operation of the equipment,

including the ¢hanging of records.

42.3.3 A portable amplifier without a cover is to be tested in any optional enelosure that ma
by the manufacturer or shall be provided with a built-up wood cover simulating installatio

y be provided
h in a cabinet.

The cover is 10
top, sides, an
inches (50.8

mounted abo
feet are to be

42.3.4 A turn
installation is
to be construg
The enclosurg

42.3.5 Rubbg
likely to be v
accumulation
with loose cot

42.3.6 During
to be measurg

be constructed of wood nominally 3/4 inch (19.1 mm) in thickness and is

g front, arranged so as to expose user controls. Theyeover is to provide a
m) from each side of the chassis and is to cléar the top of the tallest cq
e the chassis by 2 inches. In determining the-ehassis dimensions, extende

disregarded.

table, record changer, or tape deck, without an enclosure intended fo
0 be mounted in a built-up enclosurg,simulating installation in a cabinet. Th
ted of wood nominally 3/4 inch (19:1'mm) thick and is to consist of four sides
is to provide a clearance of 1xih¢h (25.4 mm) from the bottom of the lowest

r-like and felt materials are\to be removed from supporting feet to the exten
orn off during intended-service. Horizontal ventilating screens that are
bf dust and lint and.having holes less than 3/64 inch (1.2 mm) in diameter are
on.

the temperature test, temperature rises on surfaces that may be contacted 4
d. The restits comply if the temperature rises do not exceed the values given

0 consist of a
clearance of 2
mponent part
d flanges and

r a protected
e enclosure is
and a bottom.
component.

[ that they are
subject to the
to be covered

y the user are
in Table 42.2.
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Table 42.2
Maximum surface temperature rises

Composition of surface &

Location Metal

Nonmetallic

Handles or knobs that are grasped for
lifting, carrying, or holding
Handles or knobs that are contacted but

25°C (45°F)

35°C (63°F) 60°C (108°

35°C (63°F)

do not involve lifting, carrying, or holding,
and other surfaces subject to contact and
user maintenance

P

inch (0.13 mm)

b A heat sink m
reads: "CAUTIO|

NOTE- Tests can be made at any room temperature between 10°C (50°F) and 40°C (104°F).
& A handle, knob, or the like made of a material other than metal, that is plated or clad with metal having a thickness of 0.005

br less is considered to be and is judged as a nonmetallic part.

hy exceed the specified temperature if a marking, which is permanently affixed or adjacent'te th
N — HOT SURFACE, AVOID CONTACT," or the equivalent.

P heat sink,

43 Audio Out
43.1 Deleted

43.2 A variab
load resistor is
the load impe
value equal tg
voltage rating
of the rated pqg
so that the ap
whichever is
marking the (¢
terminals med
geometric me
42.1.11.

44 Maximum

44.1 The makimum noltage used as a basis for the calculation of the dielectric volt

potentials spe
445,

but Maximum Voltage Test
effective April 1, 2001

e-frequency signal generator is to be connected ta the input terminals, and
to be connected across the output terminals. If the output terminals are mar
dance that should be connected thereto, the test impedance is to be adjus
the rated output load impedance of the amplifier. If the output terminals are
the value of the test load impedance is te-be adjusted to the value calculate
wer output of the amplifier (R = E2 /W).\The input signal voltage is to be adju
pliance delivers rated power or maximum available undistorted sine wave pow
greater. After the adjustments described are made, in accordance with t
utput terminals, the output cir6uit is to be opened and the potential acrg
sured. The test is to be condueted with the variable-frequency generator set
An frequency. Throughoutithese tests, the supply circuit is to be adjusted a

Revised 43.2 effective April 1, 2001

\Voltage Test

cified i~45.6.1, 45.7.1, 45.8.1, and 45.8.2 shall be determined in accordan

an adjustable
ed to indicate
ted to have a
marked with a
d on the basis
sted to a value
er to the load,
he method of
ss the output
at 1000 Hz or
5 described in

age-withstand
ce with 44.2 —

44.2 To obtain the maximum voltage, any combination of tubes and fuses may be removed.

44.3 An automatic voltage-regulating device is to be rendered inoperative. The investigation is to take into
consideration any possible failures in either the regulating device or the equipment and possible

disconnection

of the device, when it is not permanently connected in the circuit.

Exception: The investigation need not be conducted if it has been previously determined that the device
or tube can be relied upon to prevent an increase in voltage.
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44.4 A connector or comparable part that is likely to be disconnected during intended operation or user
servicing is to be both connected and disconnected during the test in order that the maximum voltage may
be obtained.

44.5 When a complex voltage is present, the peak value of the voltage is to be measured.
44.6 If the maximum voltage across an electrolytic capacitor is more than its marked operating voltage
rating when measured under the conditions described in 44.2 — 44.4, the capacitor shall not short-circuit

when subjected to the test specified in 44.7.

44.7 The equipment is to be operated until the capacitor reaches normal operating temperature, after
which all tubes are to be removed other than the power rect|f|er and any other tubes that are necessary

to produce ma
15 minutes. [f
additional sa
all three samg
45 Dielectric
45.1 General

45.1.1 Thein

for 1 minute the application of the test potentials described in 45/1.2 — 45.8.2.

Exception: T
a source of fil

45.1.2 When

with a voltmefer having a minimum resistance of2000 ohms per volt. Breakdown, not leg
compliance. Leakage is the intended flow of current due to imperfect insulating materials

the criteria foi
and can vary

45.1.3 Breakd
or retarded ad

45.1.4 The te
output voltagd
until the requi

are to be conglucted\with the equipment at its intended operating temperature.

there is any increase of the Ieakage current or a correspondlng decrease
ples are to be tested under the same conditions. The electrolytic capaCitor i$
les operate for 15 minutes without short-circuiting.

/oltage-Withstand Test

Sulation and spacings of the equipment shall be capable of withstanding with
he test may be waived when an investigation~shows that such breakdown w
e or electric shock.

conducting the dielectric voltage-withstand test, the applied 60 Hz voltage is tq

vith the applied voltage.

own is defined as actualinsulation or spacing failure and is indicated by an ah
vance of the voltmeter reading.

St potentials spegified in 45.2.1 — 45.4.1 are to be obtained from a testing tr

Fed test value is reached or until breakdown occurs. The dielectric voltage-v

circuits

e capacitor for
h voltage, two
5 acceptable if

ut breakdown

Il not result in

be monitored
kage, is to be

rupt decrease

hnsformer, the

of which canbe varied. Starting at zero, the applied potential is to be increjsed gradually

vithstand tests

45.2 Primary

45.2.1 A 1000-volt, 60 Hz potential is to be applied between any live part conductively connected to the
supply circuit and any dead metal part or user terminal such as an antenna or ground lead.

45.2.2 If an isolating power transformer is not a part of the equipment, the test described in 45.2.1 is to
be conducted with tubes removed, filament circuits short-circuited, and electrolytic capacitors and plate
cathode rectifier terminals short-circuited.

45.3 Isolating power transformer
45.3.1 When an isolating type of power transformer is employed, a 1000 volt, 60 Hz potential is to be

applied between any live or current carrying part of the primary or power supply circuit and any live part
or current carrying part of the secondary circuit.
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45.4 Primary insulation

45.4.1 A 1000-volt, 60 Hz potential is to be applied across each capacitor, winding separation, or other
insulation that is required for the elimination of electric shock or that, if short-circuited, would involve a risk

of fire, either directly or indirectly.

Exception:
transformer.

45.5 Output circuit

This test need not be conducted in the secondary circuit of an isolating type power

45.5.1 When the equment has prOV|S|on for connecuon of an external speaker a direct-current potential

of four times

(but in no casg

type) and be
circuit of whic

45.5.2 The te
can be varied
value is reac

45.6 Power t

45.6.1 When
fire or electri
accordance W
polarity in the
capacitor may

45.6.2 An ele
bleeder resist

45.6.3 The vd
to the chassis

45.6.4 A tong
to the various

45.6.5 The te
can be varied
value is reach

less than 1270 volts) is to be applled across a blocklng capacitor (other than
een the primary and secondary windings of an isolating type output trasforn
is isolated from the chassis used for speaker coupling.

t potential may be obtained from any convenient direct-current supply, the va
Starting at zero, the applied potential is to be increased gradually until the
ed or until breakdown occurs.

nsformer secondary

a power transformer is employed, the secondary.circuit of which involves a [
 shock, a direct-current potential of three“times the maximum voltage
th 44.2 — 44.4, but not less than 500 volts,“is to be applied between live pa
secondary circuit and between such live“parts and accessible metal parts.
be accepted under the provision in 44:6.

ctrolytic capacitor, tube, transistor, or similar device is to be removed from
br or other power consuming-device is to be disconnected at the negative sidg

ice coil circuit connections and the frame of the loudspeaker are to be connec
so that the insulation.of the output transformer or capacitor is stressed.

control, switch, or other component part involving user control elements is
operating pesitions that provide for the connection of these parts in the circd

5t potential can be obtained from any convenient direct-current supply, the va
Starting at zero, the applied potential is to be increased gradually until thq
ed_or until breakdown occurs.

be or transistor
an electrolytic
ner, the output

ltage of which
e required test

ossible risk of
Hetermined in
'ts of opposite
An electrolytic

the circuit. A
e of the circuit.
ted electrically
0 be adjusted
it under test.

ltage of which
p required test

45.6.6 The equipment is to be connected to the variable source of supply. Starting at zero, the supply
potential is to be increased gradually until the lowest of the several secondary test voltages is reached or
until breakdown occurs. Upon completion of the test of the lowest voltage circuit, that circuit is to be
disconnected from the remaining higher voltage secondary circuits. The same procedure is then to be
followed in testing the successive higher voltage secondary circuits, disconnecting each circuit after it has
been tested.

45.7 Direct-connected power supply
45.7.1 When a direct-connected power supply is used, a direct-current potential of three times the

maximum voltage determined in accordance with 44.2 — 44.5, but no less than 1270 volts, is to be applied
between live parts of opposite polarity on the load side of the rectifier.
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45.7.2 An electrolytic capacitor, tube, transistor, or lamp 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.

45.7.3 The test potential is to be obtained from any convenient direct-current supply, the voltage of which
can be varied. Starting at zero, the applied potential is to be increased gradually until the required test

value is reach

ed or until breakdown occurs.

45.8 Printed wiring assembly

45.8.1 A printed wiring assembly is to withstand for 1 minute without breakdown the application of a direct
potential of 2E (see 45.8.2) plus 1000 volts between:

a) Pr
b) Pr
wiring

45.8.2 The p

46 Test For U

46.1 A transf
comply with 3

46.2 The ma
The primary
equipment. TH
fixed series inj
circuit is to b

nted wiring parts and

nted wiring parts and other parts where electrical breakdown over the surface
board insulating material would result in a possible source of electric shock.

ow-Voltage, Limited-Energy Circuits

brmer, transformer-resistor combination, or a transformer and regulating circ
P.2 and Table 32.1 shall be tested as described in 46.2 — 46.5.

imum volt-ampere output capacity of the secondary winding is to be determir
vinding of the transformer, at roomgtemperature, is to be connected as in
e secondary winding in question issto be connected to a variable resistance
pedance or a regulator circuit iswrelied upon to limit the output, that impedan
e included in the circuit during the test. A multiple winding transformer is

secondary wi

cool to room temperature again before-another winding is tested. The primary winding is to
to a source of rated voltage. The load on the secondary is to be varied in approximately t

ding tested with all the-other secondary windings open-circuited, and is to

of the printed

btential E is the maximum peak between the parts when_measured with the equipment
operated undé¢r the conditions described in 44.2 — 44.5.

Lit intended to

ed as follows.
tended in the
load. When a
ce or regulator
to have one
be allowed to
be connected
EN increments

from open-cirguit to short-circuif conditions in 2-1/2 minutes. For each step or increment in {he resistance,

the product of| the output voltage and current are to be recorded, plotted, and drawn as a
The peak valye obtained fram the curve is not to exceed 250 volt-amperes and, if two or m
windings supply interconnected circuits, the sum of the outputs of the windings in que
exceed 250 volt-amperes.

46.3 The follgwing are to be subjected to continuous operation at short-circuit conditions

smooth curve.
pre secondary
stion is not to

And maximum

power to the externally connected resistor:

a) The secondary of a transformer,

b) The output of a transformer-resistor combination, or

c) A transformer regulating circuit that limits the current to 8 amperes or less or the output to 250
volt-amperes or less as described in 32.2.
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The measurements are to be repeated, and the results comply when conditions are maintained in
accordance with Low-Voltage, Limited-Energy Circuits, Section 32.

Exception: When the short-circuit test runs continuously for 7 hours, the maximum power test need not
be done.

46.4 When a regulating or other type of circuit is located between the points being measured and the
power supply, the opening or short-circuiting (singly) of any unreliable component (electrolytic capacitor,
transistor junction, diode, or vacuum tube) in that circuit shall not exceed the limits specified in 32.2.

46.5 Three complete tests are to be made under the conditions described in 46.3, using new components
for each test.

47 Test For Nonhazardous Secondary Circuits

47.1 A sourc
investigated tq

e of power for a component part of assembly intended to complywith [33.2 is to be

determine the points nearest the power supply not capable of:

a) Prpducing an open-circuit voltage exceeding the applicable limits-Specified in Tjable 30.1 and
b) Ddlivering a power of more than 15 watts into an external resistor connected dingly between
each pf these points and any return to the power supply.

The measurelnents in 47.1(a) and (b) are to be made with theiequipment operating as intended (with no
signal input for amplifier circuits) and with all load circuit ‘eomponents that are beyond the two points
disconnected.

47.2 In determining the points not capable of delivering a power of more than 15 watts that are specified

in 47.1(b), thel external resistor is to be set for maximum resistance before being connecte
under investigation. The external resistor is tg\be adjusted until the maximum wattage is ¢
as indicated Ry a peak reading of the waftimeter connected in the circuit as shown in Figd
reading is mofe than 15 watts, the desited point has not been located and then it will bg
move the extgrnal resistor to other points toward the load side of the circuit. When a prote
used in the efuipment, a shorting\switch is to be connected across the protective deviceg
position. The fexternal resistor (isyto be adjusted for maximum resistance before being co
circuit. The repistor is to be adjusted for maximum resistance before being connected in t
resistor is thef to be adjusted so the power it dissipates is exactly 15 watts as indicated by
reading. The switch across the protective device is then to be opened, and the time r¢
protective devjce to @pen is to be recorded. If the protective device opens the circuit in 5 s¢
the desired pgint-not capable of delivering more than 15 watts has been located.

0 to the circuit
pnsumed by it
re 47.1. If the

necessary to
ctive device is
in the closed
nected in the
ne circuit. The
the wattmeter
quired for the
conds or less,

47.3 When a regulating or other type of circuit is located between the points being measured and the
power supply, the opening or short-circuiting (singly) of any unreliable component (electrolytic capacitor,
transistor junction, diode, or vacuum tube) in that circuit shall not exceed the limits specified in 47.1.

47.4 As a result of the tests described in 47.5, no components located between the tested points and the
power supply shall be affected to such a degree (as by a change in value or characteristics) to cause the
limits in 47.1 to be exceeded.
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Figure 47.1
Connection of wattmeter

| EXTERNAL
1,/LOAD

RESISTOR
I

47.5 The points determined by the measurements’ described in 47.1 — 47.3 are to be i

determine the

a) Th
short-

b) Th

(singly
tube)

c) Fo
withst
of 60

\COIL REVERSING SWITCH SET TO
MAXIMIZE WATTMETER READING

O SUPPLY ———>0
TO CIRCUIT SUPPLY CIRCUIT LOAD
UNDER SIDE UNDER [ SIDE
EVALUATION EVALUATION
(e ———>o0
/
SB1747 POINTS OF MEASUREMENT

following:

at a risk of fire or electri€ shock is not produced under the conditions
Circuiting them or loading them to maximum power;

pt a risk of fire orlelectric shock is not produced under the conditions of
) any unreliable’~eomponent (electrolytic capacitor, transistor junction, diod
between the paints and the power supply; and

llowing(the tests described in 47.5(a) and (b), that the circuit tested
anding-without breakdown for 1 minute, a 1000-volt alternating potential havir
HZz\between:

nvestigated to

of separately

short-circuiting
e, or vacuum

s capable of
g a frequency

1) Any live part conductively connected to the supply circuit and any dead metal part, and

2) Any live part of the primary or power supply circuit and any live part of the secondary

circuit.
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47.6 To determine if the equipment complies with 47.5, the equipment is to be tested as described in
48.1.1 — 48.1.9.

47.7 If the short-circuit tests required in 47.5(a) continue for 7 hours, it is not necessary that the maximum
power test be conducted.

48 Abnormal Operation Test
48.1 General

48.1.1 For abnormal operation tests, the equipment is to be connected to a supply circuit fused at 30
amperes and placed on a white tissue-paper-covered softwood surface.

48.1.2 A sing|e layer of cheesecloth is to be draped loosely over the equipment.
48.1.3 A part|of the equipment subject to removal during user servicing can be omitted if It is:
a) Ndt necessary for the functioning of the equipment,
b) Ngt exposed to view during normal operation, and
c) Not captivated.
48.1.4 Exposgd dead metal parts are to be connected to earth ground through a 1-ampere, nontime
delay-type fuge. The supply circuit connection is to be suchthat the maximum potential gxists between
the protective|device of the equipment, if any, and the ¢hassis.
48.1.5 The equipment is to be operated both withrand without a signal input, as described in 41.2.2 —
41.2.8, unlesy it can be established that one test condition will produce the most severg results. The
supply circuit poltage is to be in accordance with the abnormal operation requirements in Table 38.1.

48.1.6 When [provided inherent overheating protection, shall be investigated.

48.1.7 An abpormal operation test that involves stalling a motor or short-circuiting or |overloading a
component or]circuit to maximym power is to be conducted until:

a) A risk of fire develops,

b) Th circuit-under test burns open, or

c) Nq further change is likely to take place.

However, the test shall not be conducted for longer than 7 hours.

48.1.8 The term maximum power referred to in 48.1.7 is defined as the maximum power that the source
of power is capable of delivering into an external variable resistor connected between the points being
investigated and any return to the source of power.

48.1.9 Arisk of fire or electric shock is considered to exist if any of the following occur:

a) The single layer of cheesecloth glows or flames;

b) The tissue paper glows or flames;
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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 that is larger than those permitted by
accessibility requirements as covered in 34.1.2 and 34.1.3; or

f) Dielectric breakdown during the dielectric voltage-withstand test described in 45.2.1 and 45.3.1.

48.1.10 When 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.

48.1.11 A ma
under the mo

48.1.12 Equif

] + 4 ] ol + 41 Al H it £ ol £ [l 1
Al TCoTlU Ly pL UVETIUAQU PJTULTULIVE UTVILT 1o TU PJUTTUTTIT ALLT UYWAY TUT JU Ly Ul

t unfavorable of the overload conditions.

ment shall not develop a risk of fire or electric shock when operated ur]

conditions thaf are likely to occur during intended use.

48.1.13 The test conditions are to be as described in 48.1.1 — 48.1.9.

48.1.14 Malfy
electric shock
Examples are

a) Jal

b) Br
be dig

c) Std
d) So
e) Ing
f) Att
48.2 Power s

48.2.1 The pq

nction of a component and likely misuse of the equipment that might res
given in 48.1.14(a) — (f):
mming of tape that is likely to stall or overload\a drive or similar type motor.

pakdown of a fan or blower that provides ventilation. During this test the fan
connected rather than stalled.

lling of rotors of all motors (due\to bearing wear or loss of lubrication, or the
lenoid with plunger blocked in the de-energized (at rest) position.

orrect setting of an_ihput voltage selector.

empting to charge a short-circuited battery.

Lipply tests

wer_supply of the equipment is to be investigated to determine each of the f

s of operation

der abnormal

it in a fire or

are to be simulated during the abnormal tests. Only~one fault is to be assuined at a time.

Dbr blower is to

like).

ollowing:

a) That a risk of fire or electric shock is not produced under the conditions of short-circuiting
(singly) any rectifier, vacuum tube, transistor, or electrolytic capacitor in a circuit that is determined
not to be low-voltage, limited-energy as described in Test for Low-Voltage, Limited-Energy
Circuits, Section 46, or nonhazardous as described in Test for Nonhazardous Secondary Circuits,
Section 47.

Exception: It is not necessary to short-circuit a component connected in a circuit that is not
capable of delivering more than 50 watts of power as determined in 48.2.4.

b) That, while in a heated condition from the test described in 48.2.1(a), the power supply is
capable of withstanding without breakdown the dielectric voltage-withstand test described in
45.2.1 and 45.3.1.
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48.2.2 The dielectric voltage-withstand test described in 48.2.1(b) need be conducted only after the last

test on the power supply is completed.

Exception: The dielectric voltage-withstand test should be conducted earlier if it is necessary to replace

components after conducting the other tests.

48.2.3 In conducting the short-circuit tests required in 48.2.1(a), the following connections are to be

short-circuited:
a) Vacuum tube:

1) Plate to cathode terminal of a rectifier.

2) Cathode to heater terminals.
3) Any two heater terminals.

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

that are adjacent to each other. The short-circdityis to be simulated b
elements at the tube socket terminals.
b) Solid state rectifier — any two terminals.

c) Elgctrolytic capacitor — any two terminals,

d) Transistor — any two terminals.

48.2.4 To locpte the points not capable of-delivering more than 50 watts of power (as s
Exception to 48.2.1(a)), an adjustable fésistor is to be set for maximum resistance and the
a wattmeter gnd the circuit under investigation as shown in Figure 47.1. The external re
adjusted until |it consumes the maximum power as indicated by a peak reading of the wa
the reading is|more than 50 wafts,"the desired point has not been located and it is necessal
input to the whttmeter to otherpoints away from the supply side of the circuit. When a prd
is used in the product, asshorting switch is to be connected across the protective device
position. The fexternal-fesistor is to be adjusted for maximum resistance before being co
circuit. The registor is-then to be adjusted so the power it dissipates is exactly 50 watts a
the wattmeter|reading. The switch across the protective device is then to open and the tin
the protective| device to open is to be recorded. When the protective device opens thg

h that at least

5) Any two elements of the tube that are likely to short-circuit — for exanmple, elements

shorting the

becified in the
connected to
sistor is to be
[tmeter. When
'y to move the
tective device
in the closed
nected in the
s indicated by
e required for
b circuit in 60

seconds or less, the desired point not capable of delivering more than 50 watts has been

ocated.

48.2.5 To determine if the equipment complies with the test in 48.2.2, the test is to be conducted under

the conditions described in 48.1.1 — 48.1.5, 48.1.9, and 48.1.10.

48.3 Short-circuit test

48.3.1 The following test is to be conducted when spacings on a printed-wiring board are investigated in
accordance with Exception No. 3 to 26.2.1. Printed-wiring board traces of different potentials are to be
short-circuited and the test is to be conducted as described in 48.1.1 — 48.1.6 and 48.1.9.
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The overcurrent protection associated with the branch circuit to which the unit is connected shall not open
as a result of this test. Additionally, a wire or a printed-wiring board trace shall not open during this test.

Exception: This test is not required to be conducted if previously conducted in accordance with the power
supply tests specified in 48.2.1 — 48.2.5.

48.4 Abnormal temperature test
48.4.1 Each channel of a power amplifier is to be loaded with a resistive value as specified in 42.1.12.

Each channel is to be driven with a 1 kHz sine wave input or a sine wave at the geometric mean frequency
of the specified frequency response limits of the channel. The output level of each channel is to be set at

a voltage that wi

rated output
described in 4
in Table 38.1
equilibrium ag
operates.

48.4.2 If a prc
elapsed at thq
protective deyf
undistorted oy
stabilization o
equipment is {
thermal stabili

48.4.3 The tg
is loaded with

a) A
b) A

The amplifier
specified in 42

48.44 Asar
as described

specified in Table 48.1.

7

P

ill produce one-third maximum undistorted output power or one-third of the

1.1.4. The supply circuit voltage is to be the test voltage for intended opefatic
The amplifier is to operate under these conditions for a period of 7 (hours
specified in 42.1.10 is established, or until a protective circuit-orla pro

tective circuit or a protective device operates before temperattres stabilize o
one-third level, the test described in 48.4.1 is to be repeated with the proteg
ice repaired or replaced and the output level of the equipment set at one-fo
tput power or one-fourth the manufacturer’s rated aUtput power, whichever i
ccurs. If a protective circuit or a protective device ‘operates at the one-fo
0 be repaired and the test repeated at the one-fifth and, if necessary, one-si
zation occurs.

St specified in 48.4.1 is to be repeated atthe one-third level only (set while
the resistive value specified in 42.12) with the resistive loads replaced wit

esistive load equal to one-halfithe value used in 48.4.1 and
bhort accomplished by an“appropriate shorting device applied at the output te

is to operate under these conditions for a period of 7 hours, until thermal

manufacturer’s

tput power is
n as specified
, until thermal
tective device

7 hours have
ctive circuit or
Lirth maximum
5 greater, until
Lirth level, the
xth levels until

he equipment
n:

erminals.

equilibrium as

.1.10 is establiskied; or until a protective circuit or a protective device operates.

bsult of the«test described in 48.4.1 — 48.4.3, there shall be no risk of fire or
in 48.1,9°¢(Transformers used in the equipment shall comply with the tem

electric shock
berature limits

Exception:

he_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.

48.5 Protective devices

48.5.1 To determine if a protective device or circuit used in an amplifier tested as described in 42.1.4 is
to be relied upon to reduce the risk of fire, the unit is to be prepared in accordance with 48.1.1 and 48.1.2
—48.1.4 and tested with the protective device or circuit bypassed and an input signal applied as described
in 42.1.12 until ultimate results are observed, or no longer than 7 hours. The test results shall be evaluated
in accordance with 48.1.9.
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Table 48.1
Maximum temperature rises under abnormal temperature conditions

Condition

Type of Maximum temperature rises

protection Class 105 Class 130 Class 155 Class 180

Class 220

1

Integral, non- 130°C 155°C 180°C 205°C
replaceable,
non-resettable
protector,
including open
primary winding,
resulting in the
replacement of

tha t £
tHE—taRSTOrmee

(234°F) (279°F) (324°F) (369°F)

245°C

(441°F)

None or any 110°C 135°C 160°C 185°C

other form of

protection (198°F)

(243°F) (288°F) (333%R)

225°C
(405°F)

49 Battery THg
49.1 Battery

49.1.1 To de
is to be con
voltage with
equipment is

49.1.2 In add
inches (127 nf

St
upply test

rmine the acceptability of the fuse or protective devi¢e described in 14.4.1,

nFcted to the storage battery (if provided with the~equipment) or to a test s

30-ampere minimum capability, or to both. Using the connecting means
0 be investigated for a risk of fire in accordanece with 48.2.1 — 48.2.5.

tion, a battery supply cord is to be short<circuited at any point on the cord b
m) of the battery connecting means.

49.2 Battery ¢vercharge test

49.2.1 A fully
for use with th
for 7 hours wi
are also to be
short-circuited

charged rechargeable, nonautomotive-type battery, provided or specifically
e equipment, shall not Create any of the conditions described in 49.6.1 whe
th the equipment charging circuit adjusted for the maximum charging rate. A
conducted with any:single junction or part of an unreliable component in a G
or open-circuited-

49.3 Battery (lischargetest

49.3.1 Short-
conditions deg

Circuiting of the terminals of the type battery described in 49.2.1 shall not resu
crited in 49.6.1.

the equipment
upply of rated
provided, the

ut not within 5

recommended

n overcharged

dditional tests
harging circuit

It in any of the

49.4 Battery drop test

49.4.1 Each of three samples of the type battery described in 49.2.1 are to be dropped three times from
a height of 3 feet (0.92 m) onto a hardwood floor in the position most likely to produce adverse results
without producing any of the conditions described in 49.6.1.

49.5 Battery oven test

49.5.1 A battery of the type described in 49.2.1 provided with a polymeric case is to withstand one of the
temperature stability conditions described in 49.5.2 without producing any of the conditions described in

49.6.1.
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49.5.2 The complete battery is to be placed in an air-circulating oven for 7 hours. The oven is to be
maintained at a temperature of 10°C (18°F) higher than the maximum operating temperature of the battery
case, measured at the hottest spot on the case under normal operating conditions, but not less than 70°C

(158°F).

49.6 Test results

49.6.1 The results of the tests described in 49.2.1 — 49.5.2 are considered unacceptable if any of the
following conditions occur:

a) The battery case cracks;

b Bat‘ 1 + Lot ] [l £ et -
Ty CICUUHUIYyTTC TCARNS TTUTNTT TS LAaotT, Ul

c) Th
50 Switching

50.1 Switches
for that compd
specified in th

Exception: (
circuits where|

50.2 A switch
acceptably wh
the locked rot
pitting or burn

Exception No
never have to|

Exception No
the test need

50.3 To deter
test specified
motor locked

b battery explodes.
Device Test

and other current-rupturing devices are to be tested in accordance with theg
nent. The actual load controlled in the equipment may be‘used in place of th
e requirements applicable to the component.

verload and endurance tests may be omitted for\switching contacts in isola
the controlled load is limited to 100 volt-amperes or less.

or other device that controls a motor of\the equipment shall be capable
en subjected to an overload test consisting of 50 cycles of operation, making
or current of the equipment. Dielectric or mechanical breakdown of the de
ng of the contacts is considered unacceptable.

1: The test need not be conducted if the switch or other device is so interloq
break the locked rotor motor current.

2: If the switch or device has previously been determined acceptable for the
not be conducted.

mine if the switch or other control device is capable of performing acceptably i
n 50.2, the“equipment is to be connected to a grounded supply circuit with t

to ground th

1

N position. During the test, exposed dead metal parts of the equipment are to
ough »a 3-ampere plug fuse, and the connection is to be such that an

requirements
b artificial load

fed secondary

of performing
and breaking
vice or undue

ked that it will

intended use,

n the overload
ne rotor of the
be connected
y single-pole,

current-rupturing._device is located in the ungrounded conductor of the supply circuit. If the

equipment is

intended for use on direct current, the exposed dead metal parts of the equipment are to be connected so
as to be positive with regard to a single-pole, current-rupturing, control device. The device is to be
operated at a rate of more than 10 cycles per minute. The results are considered acceptable if the fuse
in the grounding connection has not opened during the test.

Exception: A faster rate of operation may be used if agreeable to all concerned.
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51 Solid State Switch Test

51.1 Abnormal operation test

51.1.1 Equipment containing any solid state component or device that functions as a switch in a
hazardous energy circuit is to be subjected to the following abnormal operation, voltage surge, and
reduced voltage tests in the order given. Results are acceptable in each case if the equipment operates

as intended th

roughout.

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

b) Fifty cycles of overvoltage while connected to an input of 110 percent of rated input voltage

and t( a\,tua: T |atcd uutput :uad.
c) Fiffy cycles of undervoltage, while connected to an input of 85 percent of rated
and tq actual or rated output load.
d) Tep random applications of a 3-kilovolt surge impulse at 60-second intervals a
51.2.1. Results comply if there is no tripping of circuit protections if the equip
operaple after the test, and if there has been no fire or development of a source of
as described in 48.1.1 — 48.1.5 and 48.1.9.

51.2 Voltage purge test

51.2.1 The sample is to be connected to a supply of rated voltage. The grounding lead or

sample is to 1
condition with
amplitude of
applications ig

51.2.2 The slirge generator is to have a“surge impedance of 50 ohms. When there is n

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

Figures 51.1 §

e connected to the supply conductor serving as the neutral. The sample is t
no load connected. For each application, the surge is to have the specifi
3 kilovolts when applied to the 60>Hz supply to the unit under test. Ea
to be random with regard to the phase of the 60 Hz supply voltage.
wave form of the surge-is.to be essentially as follows:

ial rise time, 0.5 microsecond between 10 percent and 90 percent of peak a
e period of thelfollowing oscillatory wave, 10 microseconds; and

ch succeSsive peak, 60 percent of the preceding peak.

nd-51:2 show a typical surge generator and control relay.

input voltage

5 described in
ment remains
electric shock,

erminal of the

0 be in the on
bd initial peak
ch of the ten

o load on the

mplitude;
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Figure 51.1
Surge generator circuit
Figure 51.1 revised May 7, 2010
+ -
0-9KV
DC R3
o AN
S3 3A Ly "LINE" QUTPUT
I
I
120 v CR-1 I
60 Hz — |
11 C o | |
LG | '
an)
© 11 c. | DEVICE
500 VA 1" | UNDER
T | TEST
I
I
I
I
I
I
GROUND
O H _u_ — "
NEUTRAL"/
GROUND
SB1492 RELAY

C; - 0.025 pF, 1

C, — 0.01 pF, 10

Csz — 4 pF, 400V

L, — 15 pH [23 tu

L, — 70 pH [28 tu

CONTROL

kV

V

s, 23 AWG (0.26'mm?) wire, 0.7 inch (17.8 mm) diameter air core]

ns, 23 AWG wire, 2.6 inch (66 mm) diameter air core]

R; — 22 ohms, 1

Wi.composition

R, — 12 ohms, 1 W, composition

R3 — 1.3M ohms (12 by 110K ohms, 1/2 W)

R4 — 47K ohms (10 by 4.7K ohms, 1/2 W)

Rs — 200 ohms, 1/2 W

CR-1 — Relay


https://ulnorm.com/api/?name=UL 813 2013.pdf

80 COMMERCIAL AUDIO EQUIPMENT - UL 813 MAY 7, 2010
Figure 51.2
Relay control circuit for surge generator
Ri oy
CR-1
120 V CRO GATE
60 Hz SCR1 INPUT
A 4 R3
11
50VA
R2
SB1293
@
R1 — 10K ohms,|1 W D% — IN5060 or equivalent
R2 — 1K ohms, 1/2 W SCR1 — GE C122B or eduivalent
R3 — 1K ohms, 1/2 W CR-1 — Relay GE CR 2790 E 100 A2 or
equivalent

C1 — 32 uF, 250|V T1 — Triad N4S X or equfvalent
D1 — IN5060 or gquivalent

52 Tests For

Remote Control and Interconnecting Cables

52.1 Cable sfport circuit

52.1.1 Equip
subjected to S
earth or any g

52.1.2 The tg
48.1.11.

hent provided with a singlé,'or multiple conductor cab

le as described in

hort circuits between conductors of the cable and between any conductor of
ther accessible part, Results comply if a risk of fire or electric shock does nd

st conditions forreompliance with 52.1.1 are described

in 48.1.1 — 48.1.7

20.1 shall be
the cable and
t develop.

and 48.1.9 —
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52.2 Cable arcing test

52.2.1 A single-wire or a multiple-conductor cable as described in 20.1 is considered to involve a risk of
fire if the arc caused by short-circuiting or grounding the conductors will ignite combustible material.
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