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INTRODUCTION
1 Scope

1.1 These requirements cover electrically-operated clocks that form parts of a master clock system,
secondary, cost, pay-roll, and other clocks intended primarily for industrial installations; and also time
stamps, job-card recorders, timers, and similar time-indicating and -recording appliances. These
appliances are intended for use on circuits of 300 volts or less in accordance with the National Electrical
Code.

1.2 These requirements do not cover clocks intended primarily for household installations nor do they
cover illuminated clocks designed to serve as portable electrical lamps or for other illuminating purposes.

2 General
2.1 Compongnts
2.1.1 Except ps indicated in 2.1.2, a component of a product covered by this standard shall comply with
the requiremegnts 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 comppnent is not required to comply with a specific requifement that:

a) InJolves a feature or characteristic not required in.the application of the compopent in the
produft covered by this standard, or

b) Is puperseded by a requirement in this standard.

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

2.1.4 Specific components are incemplete in construction features or restricted in|performance
capabilities. $uch components are, intended for use only under limited conditions, such as certain
temperatures hot exceeding specified limits, and shall be used only under those specific cpnditions.
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2.2 Units of measurement

2.2.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

2.2.2 Unless indicated otherwise all voltage and current values mentioned in this standard are root mean

square (rms).

2.3 Undated references

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

be interpreted

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

CONSTRUCT]
3 General

3.1 Througho
the basic cong

4 Frame and
4.1 General

4.1.1 An app
abuses to wh

persons due t
parts, or othe

4.1.2 An edge, projection, or corner of an enclosure, opening, frame, guard, knob, handle,

of an appliand
contacted dur

4.1.3 An ele
unintentionally
measured thrq

4.1.4 Unless
circuit breaker
fuses, circuit b

ION

Ut these requirements the term "thermoplastic” is used to designate a synthe
tituent of which is polyvinyl chloride or a copolymer of vinyl ‘ehloride and vin

Enclosure

iance shall be formed and assembled so that'it has the strength and rigidit
ch it is likely to be subjected, without ingreasing the risk of fire, electric sho
b total or partial collapse with resulting_teduction of spacings, loosening or d
serious defects.

e shall be smooth and rounded and not sufficiently sharp to cause a cut tyy
ng normal use or user maintenance.

ctrical part of an_appliance shall be located or enclosed so that per
contact a live pdrt)unless the voltage on the part is 30 volts or less or the av
ugh a 1500-ohm), noninductive resistor is 5 milliamperes or less.

he appliance is marked in accordance with 33.1, a device such as a lamphold
, or a replaceable tape shall be designed and installed so that persons servic
reakers, or other devices will not unintentionally contact any uninsulated live

tic compound,
| acetate.

y to resist the
Ck, or injury to
splacement of

or similar part
e injury when

sons will not
ailable current

er, fuseholder,
ing the lamps,
bart other than

a screw shell

pr.the clips of a fuseholder.

4.1.5 The enclosure of an appliance shall be complete. No dependence shall be placed on adjacent walls
or equipment to complete an enclosure.

Exception: An elapsed time indicator may have an incomplete enclosure if the indicator has provision for
panel mounting so that uninsulated live parts and internal wiring are completely enclosed after installation.
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4.1.6 The enclosure of a stationary appliance shall be provided with means for support. Mounting holes
shall be located or guarded so that nails or similar hangers will not come in contact with any bare,
covered, or insulated live part.

4.1.7 For unreinforced, flat surfaces in general, cast metal shall be not less than 1/8 inch (3.2 mm) thick.

Exception No. 1: Malleable iron may be not less than 3/32 inch (2.4 mm) thick, and die-cast metal may be
not less than 5/64 inch (2.0 mm) thick.

Exception No. 2: For a curved, ribbed, or otherwise reinforced surface, or if the shape and/or size of the
surface is such that equivalent mechanical strength is provided, cast metal in general may be not less
than 3/32 inch, malleable iron may be not less than 1/16 inch (1.6 mm), and die-cast metal may be not

less than 3/6.

D o) il

4.1.8 If threagls for the connection of metal conduit are tapped all the way through_a fiole

or if an equiva
in the metal,
properly attac
box, wall, con
be a smooth,

a) Aff
and

b) H4
rigid n

4.1.9 An encl
its suitability f
use of sheet {§
mm) if galvan
mm) is not re

Exception: S
that are covel

4.1.10 Among
of magnesium

a) Md

ool
mIerr (L.« 1T/ trircn.

llent construction is used, there shall be not fewer than 3-1/2 and not more
and the construction of the device shall be such that a suitable-conduit b
hed. If threads for the connection of conduit are not tapped all the-way throug
Huit hub, or the like, there shall be no fewer than 5 full threads\ih the metal, 3
well-rounded inlet for the conductors that shall:

ord protection to the conductors equivalent to that provided by a standard cg

ve an internal diameter approximately the same as that of the corresponding
netal conduit.

bsure of sheet metal is to be judgedowith regard to its size, shape, thicknesg
br the particular application, considering the intended use of the complete 3
teel having a thickness of less than 0.026 inch (0.66 mm) if uncoated or 0.
zed or of nonferrous sheet metal having an average thickness of less than 0.
ommended.

hheet metal thinner than that described may be used for relatively small areas
ed or otherwise reinforced.

the factors.taken into consideration when judging a nonmetallic enclosure o
are:

chanigal strength,

in a box wall,
an 5 threads

h
]Ashing can be

h a hole in the
ind there shall

nduit bushing

trade size of

of metal, and
ppliance. The
D29 inch (0.74
D36 inch (0.91

pr for surfaces

r an enclosure

b) Resistance to impact,

c) Moisture-absorptive properties,

d) Combustibility, and

e) Resistance to distortion at temperatures to which the material may be subjected under

condit

ions of normal or abnormal usage.
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4.1.11 If a flush plate facilitating mounting of a clock on an outlet box is provided as an integral part of
the clock or is packaged or otherwise provided with the clock, the plate shall be made of one of the
materials indicated in Table 4.1, and shall be at least as thick as indicated in that table.

Table 4.1
Thickness of flush plates

Acceptable material Minimum acceptable thickness at any point of plate,
inch (mm)
Ferrous metal 0.030 0.76
Nonferrous metal 0.040 1.02
Noncombustible electrical insulating material 0.100 2.54

4.2 Doors an

4.2.1 A door
any kind of o\

Exception: A
place if the af

4.2.2 Means
door or cover

5 Protection A

5.1 Aniron o
equivalent me
injury to persg

Exception No,
to be apprecia
and cast-iron

Exception No
iron or steel (4

| covers

br cover that is accessible from outside the enclosure shall be hinged“if it g
erload protective device that is required to be enclosed.

cover, panel, door, or other part of the enclosure that, by its*ftrhction, obviol
pliance is to operate properly, need not be permanently attached.

shall be provided for holding the door or cover ovef a fuseholder in a closeq
shall be tight-fitting.

\gainst Corrosion
steel part shall be protected against corrosion by enameling, galvanizing pl

ans, if the failure of such a part would; be likely to result in the risk of fire, ele
ns.

ble (thickness of metal and-the temperature also being factors), the surfaces
parts within an enclosure”need not be protected against corrosion.

2: The requirement in 5.1 does not apply to bearings or laminations or to
buch as washers/ screws, and the like).

ves access to

sly must be in

position. The

ating, or other
ctric shock, or

1: If the oxidation of iron orsteel from exposure of the metal to air and moistiire is not likely

of sheet steel

minor parts of
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6 Mechanical

Assembly

6.1 An appliance shall be assembled so as not to be affected adversely by the vibration of normal

operation.

6.2 A switch, fuseholder, lampholder, receptacle, plug connector, or other component that is handled by

the user shall

be mounted securely, and shall be prevented from turning.

Exception No. 1: The requirement that a switch be prevented from turning may be waived for a switch that
is normally operated by mechanical means rather than by direct contact by persons if all three of the
following conditions are met:

a) T
switch

b) TH

c) Th
rotate

Exception No
indicator light
if rotation can

6.3 The mea
surfaces — for

a small stem-mounted switch or other device having_a Single-hole mounting means.

7 Supply Cor
7.1 Cords an

7.1.1 A cord-
for connection

7.1.2 A job-card recorder, elapsed-time indicator, or a time stamp shall be provided with 3

than 6.0 feet
grounding corf
be conductive
enclosure tha
and that are i

tals o Lo +ha £ thoot o oot to o] £ fat o £
SVttt io a prarigcr Urn Utnicr ty oo iiat UutCo TTIUL ICTIU U TULALC VWitcTr UpotTratl

is considered subject to forces that tend to turn the switch during normal-of
e means of mounting makes it unlikely that operation can loosen the switch.
e spacings cannot be reduced below the minimum acceptable values if the
2: A lampholder of a type in which the lamp cannot be“replaced (such as
in which the lamp is sealed in by a nonremovable jewel) need not be prevente

hot reduce spacings below the minimum acceptable Values.

s for preventing the turning specified in 6.2xshall consist of more than fri
example, a lock washer, properly applied,is acceptable as a means to pre

to the branch-circuit'supply.

1.8 meters)dong, having a grounding conductor and a grounding-type attachr
ductor inj&aflexible cord shall be green with or without one or more yellow str
ly connected to all exposed dead metal parts and to all dead metal p3
are_exposed to contact during any servicing operation (including maintenan

d. A toggle
eration.

witch does

h neon pilot or
d from turning

ction between
ent turning of

nections — Cord-Connected Appliances
[l plugs
tonnected appliance shatbe provided with a length of flexible cord and an aftachment plug

cord not less
hent plug. The
pes, and shall
rts inside the
ce and repair)

kely to become energized.

7.1.3 The attachment plug of the power supply cord of an appliance provided with a 15- or 20-ampere
general-use convenience receptacle shall be of the 3-wire grounding type. The attachment plug of the

power supply

cord of all other appliances shall be polarized.
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7.1.4 A 3-wire grounding-type attachment plug or a 2-wire polarized attachment plug shall be provided.
The attachment plug connections shall comply with Figure 7.1, and the polarity identification of the flexible
cord shall comply with Table 7.1.

Polarity identification of flexible cords

Table 7.1

Method of investigation

Acceptable combinations

Wire intended to be grounded 2

All other wires 2

Color of braids
conductors

Solid color other than white or gray —

Color of insula
individual cond

Color of separ
Other means

on individual A Solid white or gray — without tracer
without tracer
B Color other than white or gray — with Solid color other than white or gray —
Haecer-prate wihetH-Hacet
ion on cP Solid white or gray Solid color other than wrjite or gray
uctors
ci1¢ Light blue Solid color other than ligit blue, white,
or gray
htors pd White or gray Color otherthan white o
E® Tin or other white metal on all strands | No tinor, other white metal on the
of the conductor strands of the conductor
Fd A stripe, ridge, or groove on the

exterior surface of the cord

gray

a A wire finishd
grounding con

b Only for cord
¢ For jacketed
d Only for Typ4
€ Only for Typ¢g

cord.

d to show a green color with or without one or more yellow stripes)or tracers is to be used as gn equipment
luctor. See 7.2.1 and Figure 7.1.

5 — other than Types SP-1, SP-2, and SPT-1 — having no_braid on any individual conductor.

s SP-1, SP-2, SPT-1, and SPT-2 cords.
s SPT-1 and SPT-2 cords.
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Figure 7.1
Connection to attachment plug

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

CON
ATT,

OUTER SURFACE @

CONDUCTOR WITH INSULATION HAVING A
GREEN OR GREEN AND YELLOW STRIPED

CONDUCTOR NOT INTENDED TO BE

GROUNDED (UNIDENTIFIED CON

CONDUCTOR INTENDED.JO BE GR!
(IDENTIFIED CONDUCTOR)®

NECTIONS OF CORD CONDUCTORS TO POLARIZED
A\CHMENT PLUG (FACE OF . PLUG REPRESENTED)

CONDUCTOR NOT INTENDED T¢
GROUNDED (UNIDENTIFIED CON

CONDUCTOR INTENDED TO BE GR

DUCTOR)

DUNDED

D BE
IDUCTOR)

DUNDED

AB100

2 |n the above illustration, the blade to which the green conductor is connected may have a U-shaped or a circular cross section.

b Signifies a conductor identified in accordance with Table 7.1.
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7.1.5 The circuit conductors in the flexible cord shall be connected to the plug and to the wiring in the
appliance so that the following devices used in the primary circuit are connected to the ungrounded side

of the line:

a) The center contact of an Edison-base lampholder.

b) A fuseholder.

c) Any other single-pole, overcurrent-protective device other than an automatic control without a
marked off position.

d) A manually-operated, line-connected, single-pole switch.

7.1.6 The scr
connected tov

7.1.7 A flexib
particular app
and shall havsg
lower than thq

ard the load.

e cord shall be as indicated in Table 7.2, or shall be of a type at |east’as serv
ication. It shall be rated for use at a voltage no lower than the rated voltage of
an ampacity as given for the type in the National Electrical Code, ANSI/NFP
current rating of the appliance.

Table 7.2
Acceptable cords

ew shell of a plug fuseholder and the accessible contact of an extractor fuselLoIder shall be

ceable for the
the appliance
A 70-1996, no

Type of appliance Acceptable types of cord

1. Flod
item
App)
and

Wal

2.

3.

r-mounted appliances and others not included in S, SO, SO0, ST, STO, STOO, SJ, SJO,

s 2 and 3 SJTO, SJTOO

iances intended for use on desks, counters\tables, | SV, SVO, SVOO, SVT, SVTO, SVTOO,
similar furniture in an office SPT-2

clocks rated for 125 volts or less SP-1, SPT-1

SJOO, SJT,

SP-2, SPE-2,

7.1.8 The att;

Standard con
a) Wi
b) At

If the applian

internal conne

chment plug for connegtion to the branch-circuit supply shall have an Ame
guration of pins and Ametrican National Standard ratings. It shall be of a type

th a current no lower than the rated current of the appliance and

a voltage equal to the rated voltage of the appliance.

rican National
rated for use:

e can\be adapted for use on two or more different supply voltages by fiel
ctions; the attachment plug provided with the appliance shall be rated for

which the app

liance is connected when it is shipped from the factory.

d alteration of

Te voltage for

7.1.9 An appliance designed for connection to a remote-control or similar circuit instead of to a
convenience power-supply outlet receptacle may employ a plug that has been investigated and

determined to

be in compliance with the intent of these requirements.


https://ulnorm.com/api/?name=UL 863 2009.pdf

NOVEMBER 16, 2007

TIME-INDICATING AND -RECORDING APPLIANCES - UL 863

13

7.1.10 The flexible cord may be permanently attached to the appliance or may be in the form of a

separable cor

d set with means for connection to the appliance.

7.1.11 If an appliance incorporates a removable cord set, the arrangement shall not expose any live part
under any normal conditions.

7.2 Grounding

7.2.1 An equi

pment grounding conductor of a flexible cord shall be:

a) Finished to show a green color with or without one or more yellow stripes.

b) C

The g
be re

shall mot be used for securing this conductor.

c) Co

7.2.2 Sheet-metal screws shall not be used to connectgrounding conductors to enclosure

7.3 Strain reli

7.3.1 A powe
terminals, spli

7.3.2 A metal
SVO, SVOO,
metal strain-re
Type SPT-2,
provided over

7.3.3 Means

Al e 1 tocl to-
IIUU\;LIVUIy CUTITITULITU U,
1) All exposed dead metal parts that are likely to become energized(and

2) All dead metal parts within the enclosure that are exposed to-contact d
user servicing and that are likely to become energized.

rounding conductor shall be connected by means of a scfew or other means

hoved during any servicing operation not involving ther power supply cord. S

nnected to the fixed grounding member of an attachment plug of the ground

ef

-supply cord shall be providedwvith a means to resist transmittal of tension fr
Ces, or wiring within the appliance.

strain-relief clamp or band (without auxiliary protection) is acceptable with a 1
SJ, SJE, SJO, SJOO, S, SE, SO, SO0, SJT, SJTO, SJTOO, ST, STO, or

lief clamp or band)is acceptable with Type SP-2 or SPE-2 rubber-insulated
SVT, SVTO, ar)SVTOO cord only if auxiliary, nonconducting, mechanica
the cord.

Shall_be-provided to reduce the risk of the flexible cord being pushed into

through the cq

to a temperatiyre_higher than that for which the cord is rated, or can reduce spacings (such

rd-entry hole if such displacement can result in damage to the cord or expos

uring any

not likely to
blder alone

ng type.

S.

bm the cord to

['ype SV, SVE,
S5TOO cord. A
cord and with

protection is

the appliance
ire of the cord

as to a metal

strain-relief attachment) below the minimum acceptable values.

7.3.4 If a knot in a flexible cord serves as strain relief, the surfaces that the knot can touch shall be free

of sharp edge

s, projections, and the like, that could damage the cord.
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7.4 Bushings

7.4.1 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 shall be substantial, secured in place, and that
has a smooth, well-rounded surface against which the cord can bear. If a cord other than Type S, SE, SO,
SO0, ST, STO, STOO, SJ, SJO, SJOO, SJE, SJT, SJTO, SJTOO, SV, SVE, SVD, SVOO, SVT, SVTO,
or SVTOO is used and the wall or barrier is of metal, an insulating bushing shall be provided.

7.4.2 If the cord hole is in porcelain, phenolic composition or similar nonconducting material, a smooth,
well-rounded surface is considered equivalent to a bushing.

7.4.3 Ceramic materials and some molded compositions are acceptable generally for insulating bushings,
but a bushingref-w : b tat AaRES i o

7.4.4 Vulcanized fiber may be used if the bushing is not less than 1/16 inch (1.6 mm) thick, with a minus
tolerance of 1[64 inch (0.4 mm) to allow for manufacturing variations, and is formed and secured in place
to avoid beind adversely affected by conditions of ordinary moisture.

7.4.5 A sepaiate soft-rubber, neoprene, or polyvinyl-chloride bushing of geed quality may|be used on a
supply cord af the point at which the cord enters the frame of a motor of<the enclosure of al capacitor that
is physically attached to a motor if:

a) The bushing is not less than 1/16 inch (1.6 mm) thick, with a minus tolerance df 1/64 inch
(0.4 mpm) and

b) The bushing is located where it cannot be exgoesed to oil, grease, oil vapor, or pther
substances that have a deleterious effect on the compound used.

7.4.6 A bushing of any of the materials specified\in 7.4.5 is acceptable on a supply cord anywhere in an
appliance if it|is used in conjunction with a type of cord for which an insulating bushing ig not required.
The edges off the hole in which such a bushing is so used shall be free from burrs, fins, and other
conditions capable of damaging the bushing.

7.4.7 A bushing of the same material as and molded integrally with the supply cord is adceptable on a
Type SP-2 or|heavier cord if theouilt-up section is not less than 1/16 inch (1.6 mm) thick jat the point at
which the cordl passes throughithe enclosure.

7.4.8 An insulated metal'grommet may be used in place of an insulating bushing if the insylating material
is not thinner than 1/324nch (0.8 mm), and completely fills the space between the grommet|{and the metal
in which the grommet is mounted.
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8 Supply Connections — Permanently-Connected Appliances
8.1 General

8.1.1 An appliance intended for permanent connection to the branch-circuit supply shall have provision
for permanent connection to the branch-circuit supply.

8.1.2 Sheet metal 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 uncoated steel, not less than 0.034 inch (0.86 mm) if galvanized steel, and
not less than 0.045 inch (1.14 mm) if nonferrous.

8.2 Terminal boxes

8.2.1 The locgtion of a terminal box or compartment in which branch-circuit connectionstop permanently
wired appliange are to be made shall ensure that these connections can be readily\inspected without
disturbing the|wiring after the appliance is installed as intended.

8.2.2 A termipal compartment intended for connection to a supply raceway.shall be aftached to the
appliance in @ manner that prevents the compartment from turning with regard to the applipnce.

8.2.3 Wiring $pace or other compartments intended to enclose wires-shall be free of any sharp edge,
burr, fin, moving part or the like that can damage the conductor inSulation.

8.3 Field-wiring terminals and leads
8.3.1 A permanently-connected appliance shall be provided with field-wiring terminals for the connection
of conductors|having an ampacity appropriate for the appliance, or the appliance shall be| provided with

suitable leads|for this connection.

8.3.2 A lead grovided for a splice connectionghall be of suitable 18 AWG (0.82 mm?) or larger fixture wire
or the equivalgent.

8.3.3 The fre¢ length of a lead inside*an outlet box or a field-wiring compartment shall be|6 inches (152
mm) or more.

8.3.4 Field-wifing terminals ‘shall be suitable for copper supply conductors or for eithef aluminum or
copper supply] conductors.ifn~accordance with the marking required by 30.1.

8.3.5 A field-wiring terminal shall be prevented from turning.

8.3.6 A wire-hinding screw shall thread into metal.

8.3.7 A setscrew type of terminal for binding a conductor shall be made the object of an investigation to
determine whether it is in compliance with the intent of these requirements.

8.3.8 A field-wiring terminal shall be provided with a suitable soldering lug or pressure terminal connector
firmly bolted or held by a screw.

Exception: A wire-binding screw may be used only at a wiring terminal intended to accommodate a 10
AWG (5.3 mm?) or smaller conductor if upturned lugs, cupped washers, or their equivalent are provided
to hold the wire in position.
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8.3.9 An upturned lug or cupped washer shall be capable of retaining a 10 AWG (5.3 mm?) supply
conductor under the head of the screw or washer.

8.3.10 Terminal parts shall ensure reliable connections even under hard use. The parts to which wiring
connections are made may consist of clamps or binding screws with terminal plates having upturned lugs
or their equivalent to hold the wires in position. If a wire-binding screw is used at a wiring terminal, the
screw shall not be smaller than No. 8 (4.2 mm diameter).

Exception: A No. 6 (3.5 mm diameter) screw may be used for a terminal to which 14 AWG (2.1 mm?)
wire would normally be connected.

8.3.11 It should be noted that 14 AWG (2.1 mm?) is the smallest conductor acceptable for branch-circuit

nnection of a

wiring and th
branch-circuit

8.3.12 A term
metal.

Exception: A
with a torque
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conductor.

inal plate for a field-wiring wire-binding screw shall be of 0.050-inch (1.27-1

plate as thin as 0.030 inch (0.76 mm) is acceptable if tightening the wire-k
Dbf 20 inch pounds (2.26 N-m) does not strip the threads frem the terminal pla

be two or mofe full threads in the metal, which may be extruded if pecessary to provide thj

8.3.13 The s

crew shell of a fuseholder for a plug fuse and\the accessible contact o

fuseholder shall be connected toward the load.

8.4 Provision

5 for grounding

8.4.1 All exppsed dead-metal parts of a permanently-connected appliance that are likg

energized shdg
be connected
grounding exy

8.4.2 A termi
grounding cor
not be slotted

Il be conductively connected to the\point at which armored cable, conduit, d
A permanently connected wall‘clock rated for more than 50 volts shall hav
osed dead metal parts.

hal screw or the equivalent intended for the connection of a field-install
ductor shall have a'green-colored head that is hexagonal-shaped. The hea

8.4.3 When the terminalforthe equipment grounding conductor is readily removable, the

to the terminal

a) Th

shall be‘ararked with:

e word “green” or “ground”,

nm) or thicker

inding screws
te. There shall
e threads.

an extractor
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r the like is to
b provision for

ed equipment
d may or may
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b) The letters “G” or “GR”,

¢) The grounding symbol shown in Figure 8.1, or

d) A distinctive green color.
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Figure 8.1
Grounding symbol

8.4.4 Sheet-metal screws shall not be used to conneet grounding conductors to enclosures.

8.4.5 A plug|having provision for grounding, is acceptable as an alternate to the terminal screw
construction i the following types of appliance:

a) A ¢lock (such as an impulseclock) that is provided with a special plug requiring the
installation of a corresponding special receptacle at an installation.

b) A ¢lock (such as a flush-mounting type) requiring the installation of a special back box at an
installption.

c) An|electronicstype secondary clock.

8.4.6 A permanently- connected appllance rated at 125 or 125/250 volts (3 W|re) or Iess and employing a
lampholder oflthe—E=eh W e device other
than an automatic control W|thout a marked "oﬁ"' position, shall have one termlnal or lead |dent|f|ed for the
connection of the grounded conductor of the supply circuit. The identified terminal or lead shall be the one
that is electrically connected to screw shells of lampholders and to which are connected to switches or
overcurrent protective devices of the single-pole type other than automatic controls without a marked " off"
position.
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8.4.7 A field-wiring terminal intended for the connection of a grounded supply conductor shall be identified
by means of a coating of metal that is substantially white in color and shall be easily distinguishable from
the other terminals, or proper identification of the terminal for the connection of the grounded conductor
shall be clearly shown in some other manner, such as on an attached wiring diagram. If wire leads are
provided instead of terminals, the identified lead shall have a white or gray color and shall be easily
distinguishable from the other leads.

8.4.8 An insulated equipment grounding conductor shall be green with or without one or more yellow
stripes, and no other lead shall be so identified.

9 External Interconnections

9.1 Cord'Con'lcutcd app:;all\,co
9.1.1 Externa) interconnections on cord-connected appliances shall be by cord and attachment plug. The
interconnections shall also comply with the requirements in Supply Connections/— Cqrd-Connected
Appliances, Section 7.

9.2 Permanently-connected appliances

9.2.1 External interconnections on permanently-connected appliances shall comply with thg requirements
in 8.1.1 — 8.313.

10 Live Parts
10.1 A currert-carrying part shall be of silver, copper, @ Copper-base alloy, or equivalent metal.

10.2 An uningulated live part shall be secured to the,surface on which it is mounted. Suppofting insulating
material shall pe secured in place to prevent the part from turning or shifting in position if turping or shifting

would reduce [spacings below the minimum agceptable values indicated in 13.1 — 13.6 and 14.1 — 14.5.

10.3 Friction between surfaces is not ac¢eptable as a means of preventing shifting or turninlg of live parts,
but a suitable|lock-washer properly apptied may be acceptable.

11 Internal Wjiring
11.1 The intefnal wiring_efian appliance shall:

a) Cgnsist ofvinsulated conductors having the mechanical strength and ampacity fpr the service
and

b) Be protected against mechanical injury.

11.2 Wire having thermoplastic insulation at least 1/64 inch (0.4 mm) thick or equivalent insulation is
acceptable without supplementary insulation.

Exception: Supplementary insulation shall be provided when:

a) The wire may be damaged or handled during installation or routine maintenance of the
appliance.

b) The wire is subjected to vibration (as in a time stamp or similar appliance) while it is in
contact with a rough surface such as that of a casting.
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¢) The insulation may be subject to flow because the wire is formed over the edge of metal or
through a hole punched in sheet metal.

11.3 Supplementary insulating tubing having a wall thickness not less than 1/64 inch (0.4 mm), may be
acceptable for protection against the conditions indicated in (a), (b), and (c) of the Exception to 11.2.

11.4 Wires within an enclosure compartment, raceway, or the like shall be located or protected to prevent
contact with any sharp edge, burr, fin, moving part, or the like that can damage the conductor insulation.
A hole in a sheet-metal wall through which insulated wires pass shall be provided with a bushing if the
wall is 0.042 inch (1.1 mm) or less thick. A hole in a wall thicker than 0.042 inch shall have a smooth,
well-rounded edge.

11.5 Each joi
electrical cont|

11.6 If strand
so that loose

11.7 Complia|
a) Us
b) So
c) Tid
d) Eq

11.8 A splice
adequate spa

12 Coil Windi
12.1 The insu

12.2 Enamels

act without strain on connections and terminals.

bd internal wiring is connected to a wire-binding screw or stud terminal, it shal
Strands do not result.

nce with the requirement in 11.6 can be accomplished by:

e of pressure terminal connectors, soldering lugs, or crimped eyelets;
[dering all strands of the wire together;

htly twisting all strands together; or

uivalent means.

shall be provided with insulation equivalent to that on the wires involved if g
Cing between the splice and unifsulated metal parts is not ensured.

ngs
lation of a coil winding shall resist the absorption of moisture.

d wire requires_no additional treatment to prevent moisture absorption.

and reliable

be connected

ermanence of
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13 Separation of Circuits

13.1 An insulated conductor shall not touch any other insulated conductor operating at a higher potential
unless both conductors are suitable for use at the higher potential. This includes the conductors in
terminal compartments and boxes as well as internal wiring, but does not include field wiring applications.

13.2 Conductors that operate at different potentials but are not insulated for the highest potential among
them as indicated in 13.1 shall be permanently separated from one another by barriers, routing, or
clamping.

13.3 Any of the insulated conductors specified in 13.1 and 13.2 may touch any insulated live part
operating at a potential higher than the potential at which the conductor itself operates if the conductor is

the insulated ¢onductor.

13.4 A field-ifstallation conductor of any circuit shall be separated by a barrier:
a) From field installation and factory installed conductors connected te-any other gircuit.

Exceftion: If the conductors of both circuits are or will be insulatéd for the maximum voltage in
either|circuit, the requirement for separation may be waived:

b) From an uninsulated live part of any other circuit in the "appliance, and from any uninsulated
live part whose short-circuiting results in unsafe operation of the appliance.

Exceftion No. 1: A construction in which field installed conductors might touch wiring terminals is
acceptable if standard building or fixture wires or equivalent conductors are or will|be installed.

Exception No. 2: A construction in which a field installed conductor that does or can have less
insulation than is required on the types)of wire specified in Exception No. 1 which pontacts a low
voltage wiring terminal, is acceptable if short circuiting such a terminal does not result in unsafe
operaion of the appliance.

13.5 In many| appliances, a solid\(unpierced) barrier permanently secured in place is uged to achieve
compliance wjth 13.4(a). Howéver, in appliances to which field connections for some applications are
different from| the connections for other applications, a removable solid barrier may pe used or a
permanent bafrier in whieh\there are holes for the passage of conductors may be used. Ipstructions for
use of a remgvable or.pierced barrier are to be a permanent part of the appliance. In any| case, instead
of a barrier, a|wiringdiagram may be provided on or with the appliance if:

a) Provision is made for routing all conductors,

b) Such routing is clearly and completely shown by the diagram, and

c) Complete wiring instructions accompany the diagram.
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13.6 Separation of some field-installation conductors from others and from uninsulated live parts
connected to different circuits is accomplished by arranging the location of openings in the enclosure for
the various conductors (with regard to the terminals or other uninsulated live parts) so that there is no risk
of intermingling between the conductors or parts of different circuits. When no more openings are provided
in the enclosure than are required for proper wiring of the appliance, and each opening is opposite a set
of terminals, it is to be assumed in determining compliance with 13.4 that conductors entering the
enclosure through any such opening are connected only to the terminals opposite that opening. When
more openings are provided in the enclosure than are required for proper wiring of the appliance, it is to
be assumed in determining compliance with 13.4 that conductors enter the enclosure through openings
not opposite the terminals to which they are intended to be connected, and touch insulated conductors
and uninsulated live parts of circuits other than their own; in which case, the requirements in 13.1 and 13.3
are to be considered when determining acceptability.

13.7 In detenlnining if an appliance complies with the requirements of 13.4, the appliance
in the mannern in which it would be wired in the field — that is, a reasonable amount ©f;'sla
in each condugctor within the enclosure, and no more than average care is to be used4n sto
in the comparfment.

is to be wired
LKk is to be left
wing the slack

14 Spacings

14.1 The spd|
apply to the s

cings in an appliance shall not be less than those indicated in Table 14.1.
bacings between any uninsulated live part and:

These values

a) Anluninsulated live part of opposite polarity, eithet:\grounded or ungrounded.
b) A yvall or cover of a metal enclosure, including-attached metal pieces and fittings for rigid
metal [conduit or for armored cable.

¢) An|uninsulated grounded dead metalpart other than the enclosure.

d) Anl exposed dead metal part that-is isolated or insulated.

Greater spacifpgs may be required if the“enclosure (because of its size, shape, or the materfal used) is not

sufficiently rig
Exception No
switches and
particular com

Exception No

d to ensure maintenance of the minimum spacings.
1: The spacings specified in Table 14.1 as the minimum acceptable do not|
Dther compeneénts for which the spacings that apply are specified in the requin
ponent,

2::Spacings are not specified for:

apply to snap
pments for the

a) A circuit involving a potential of no more than 30 volts and supplied by a primary battery, by
a standard Class 2 transformer (maximum 30 volts rms and 42.4 volts peak), or by a suitable
combination of transformer and fixed impedance having output characteristics in compliance
with what is required for a Class 2 transformer or

b) A circuit in which the current is limited by series impedance or the equivalent to the levels
specified for a Class 2 transformer.
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Table 14.1
Spacings
Potential involved in Parts involved Smallest acceptable through-air
volts and over-surface spacings,
inch (mm)
0-50 Wiring terminals 1/82 3.28
Commutator or collector rings of a motor 3/64 1.2
Elsewhere in appliance 3/64 1.2
51 -125 Wiring terminals 1/42 6.4
1/gap 3.2ab
COMTUtator Or COfteCtor TiMgS Of & motor 1716 1.6
Elsewhere in appliance 3/32¢ 2.4¢
126 — 250 Wiring terminals 1/42 6.42
Commutator or collector rings of a motor 1/16 1.6
Elsewhere in appliance 3/32 2.4
251 - 300 Wiring terminals 1/42 6.4
Commutator or collector rings of a motor 3/32 2.4
Elsewhere in appliance 3/32 2.4
@ Spacings at Wiring terminals are to be measured while a conductor is connected to each terminal as in actugl service. The
conductor is to| be of a size having an ampacity no less than the current ratifg of the appliance. The conductof is not to be
smaller than 14 AWG (2.1 mm?) if of copper and is not to be smaller thari\}2 AWG (3.3 mm?) if of aluminum.
b The 1/8-inch |(3.2-mm) spacing is a through-air spacing acceptable only:if the terminals are either recessed ifsulating
material or sefarated by an insulating barrier to the extent that loose(strands of conductors attached to one tefminal are
unlikely to confact ground or an adjacent terminal or conductor.
¢ For a motor rated 1/3 horsepower (249 W output) or less, theése spacings may be no less than 1/16 inch (1.4 mm).

14.2 The spa

operating at njore than 50 volts shall not be less than that required for the circuit of the hi

14.3 The sp§
accordance w
than that requ

Cing between bare current-carrying parts of a low-potential (0 — 50 volts) circu

cing between bare cufrent-carrying parts of circuits in which the energy
th Exception No. 2 to14.1 and circuits in which the energy is not limited sh
ired for the potentialof the circuit in which the energy is not limited.

14.4 If insula

live parts or gjounded dead*metal parts, the type of insulation may differ from that required

Crossover le

with 14.5 — 14.7, if;.=for insulation thicknesses less than 0.013 inch (0.33 mm), there is n
breakdown ag a‘esult of the tests described in the Burnout Test, Section 20.

ion is provided“in lieu of spacings between a magnetic coil winding and oth

insulatien and insulation under coil terminals secured to the coil winding ne|

it and a circuit
hher potential.

is limited in
all not be less

er uninsulated
y 14.5 - 14.7.
ed not comply
b indication of

14.5 An insulating barrier or liner used as the sole separation between uninsulated live parts and
grounded dead metal parts (including the enclosure), or between uninsulated live parts of opposite
polarity, shall be of material of a type that is acceptable for the mounting of uninsulated live parts, and
shall be not less than 0.028 inch (0.71 mm) thick.

Exception:

Fiber not less than 0.028 inch thick may be used as the sole separation between the

enclosure and an uninsulated metal part electrically connected to a grounded circuit conductor.
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14.6 An insulating barrier or liner used in conjunction with an air space in place of the required spacing
through air shall be not less than 0.028 inch (0.71 mm) thick. If the barrier or liner is of fiber, the air space
shall be not less than 1/32 inch (0.8 mm), and if the barrier or liner is of other material not acceptable for
the support of uninsulated live parts, the air space provided shall be such that, upon investigation, it is
found to fulfill the intent of the requirement.

Exception: A barrier or liner used in addition to no less than one half the required spacing through air
may be less than 0.028 inch but not less than 0.013 inch (0.33 mm) thick when the barrier or liner is:

a) Of material of a type that is acceptable for the mounting of uninsulated live parts,

b) Of such strength to withstand exposure to mechanical damage,

¢) Secured in place, and
d) Lopated so that it will not be affected adversely by operation of the equipment In service.

14.7 Insulating material having a thickness less than that specified in 14.4 —14.6 may bg used if, upon
investigation, |t is found to be acceptable for the particular application.

15 Outdoor-Use Appliances
15.1 General

15.1.1 An appliance intended for outdoor use shall comply with the requirements in this section, as well
as the other applicable requirements of this standard.

15.1.2 An outdoor use appliance shall be designed,and constructed to protect against the|weather.
15.2 Rainpro¢f enclosures

15.2.1 A live part (other than the screw~shell of a lampholder) and all wiring shall be enclpsed by metal
or other matefial that is resistant to combustion.

15.2.2 Plain xlass may be uséd)as a part of the enclosure if its breakage or removal dpes not afford
access to uninsulated current-carrying parts.

15.2.3 An enflosure Haeusing a live part that is not acceptable for exposure to the wepather shall be
constructed tq exclude-a beating rain as judged by applying the requirements of 15.2.4. The enclosure
shall be provided-with external means for mounting, or with internal means for mounting thaf are designed
to prevent wajer.from entering the enclosure. A hinge or other attachment shall be resistaar[t to corrosion.

15.2.4 To determine compliance with the requirement in 15.2.3, a complete appliance with supply conduit
connections assembled without pipe thread compounds is to be subjected to the rain test described in the
Test for Resistance to Rain, Section 24.
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15.2.5 Sheet steel shall be not less than 0.023 inch (0.58 mm) thick if zinc-coated and shall be not less
than 0.020 inch (0.51 mm) thick if uncoated.

15.2.6 Sheet copper, brass, or aluminum shall be not less than 0.025 inch (0.64 mm) thick.

15.2.7 A joint or edge of sheet metal shall be fastened by welds, rivets, bolts, screws, or equivalent
acceptable means.

15.2.8 A sheet steel or other iron or steel part that is depended upon for the protection and support of
wiring and live parts shall be protected against corrosion by galvanizing, electroplating, or the equivalent.

15.2.9 Painting alone is not acceptable for protecting sheet metal against corrosion. Copper, stainless

steel, and ot
protected.

15.2.10 Vitreq
sheet steel.

15.2.11 A hol
other live part
be made for d

15.2.12 A gas
Test, Section

15.3 Lampho

15.3.1 A lam
composition. 4

15.3.2 A lampholder having an aluminum:serew shell shall not be used.
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D5,
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\ lampholder employing fiber or similar absorptive material shall not be used

CE
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ent input tosarappliance must not exceed the rating marked on the appliancg

en the appliance is operated as in normal use at maximum normal load as de
bd to_a.supply circuit of the rated voltage and frequency of the appliance.

pe additionally

mm) or thicker

e for conduit shall be threaded unless it is located wholly bélow the lowest {ferminal lug or

Provision shall

Gasket Aging

nin or molded

by more than
scribed in 17.2

Exception: A

clock rated at 20 watts or less may have an input of not more than 25 per

cent above its

marked rating

16.2 Rated voltage is to be taken as:

a) 120 volts if the marked rating is within the range of 110 — 120 volts and

b) 240 volts if the marked rating is within the range of 220 — 240 volts.
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17 Normal Temperature Test

17.1 An appliance, when tested under the conditions of maximum normal load described in 17.2 shall not
attain a temperature at any point sufficiently high to constitute a risk of fire, damage to any material used
in the appliance, or greater rises in temperature above 25°C (77°F) than as indicated for specific points
in Table 17.1.

Table 17.1
Maximum acceptable temperature rises

Materials and components °C (°F)
1. Varnished-cloth insulation 60 108
2. Fuses 65 117
3. Fiber uged as electrical insulation 65 117
4. Wood gnd other similar material 65 117
5. Any point on or within a terminal box on a stationary appliance 65 117
6. A surfage upon which a cord-connected or permanently-wired appliance 65 117
might bp mounted in service, and surfaces that might be adjacent to the
appliange when it is mounted
7. Class A insulation systems on coil windings of DC and universal motors:
a) In open motors:
Thermocouple method 652 1172
Resistance method 752 1352
b) In totally enclosed motors:
Thermocouple method 702 1262
Resistance method 802 1442
8. Class A insulation systems on coil windings of AC motogs (not including
universgl motors) having a frame diameter® of 7 inchés or less:
a) In open motors:
Thermocouple or resistance method 752 1352
b) In totally enclosed motors:
Thermocouple or resistafice method 802 1442
9. Class 15 insulation systems on windings of relays, solenoids, magnets,
and the like:
Thermocouple method 652 1172
Resistance methad 752 1352
10. Class B insulation systems on coil windings of DC and universal motors:
a) In an open-motor:
Thermocouple method 852 1532
Resistance method 952 1712
b)_In totally enclosed motors:
Thermocouple method 902 1622
Resistance method 1002 1802
11. Class B insulation systems on coil windings of AC motors (not including
universal motors) having a frame diameter? of 7 inches or less:
a) In open motors:
Thermocouple or resistance method 952 1712
b) In totally enclosed motors:
Thermocouple or resistance method 1002 1802
12. Class 130 insulation systems on windings of relays, solenoids, magnets,
and the like:
Thermocouple method 852 1532
Resistance method 952 1712

Table 17.1 Continued on Next Page
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Table 17.1 Continued

Materials and components °C (°F)
13. Phenolic composition used as electrical insulation or as a part whose 125¢ 225°¢
failure would result in a hazardous condition
14. Rubber- or thermoplastic-insulated wires and cords 35de 63de
15. On the surface of a capacitor casing:
Electrolytic 408 72¢
Other types 65 117f
16. Transformers with Class 105 insulation systems:
Thermocouple method 652 1172
Resistance method 752 1352
17. Transfoymers with Class 130 insulation systems:
Thermocouple method 852 1532
Resistance method 952 1712

b The frame dia

¢ The limitations

cord entering a

€ For an electrol
integral with the
f A capacitor on
acceptable at th

aSee 17.3, 17.8
excluding lugs, |

investigated and
d Rubber-insulat

other than a flexible cord. However, this does not apply to thermoplastic-insulateéd wire or cords.

, and 17.9.

heter is the diameter measured in the plane of the laminations, of the circle circdmscribing the {
oxes, and the like used solely for motor mounting, assembly, or constructian,

on phenolic composition and on rubber and thermoplastic insulation do¢not.apply to compound
determined to have heat-resistant properties.

notor can be subjected to a temperature rise of more than 35°C\(63°F) if a braid is used on the

ytic capacitor that is physically integral with or attached to a‘motor, the temperature rise on insy
capacitor enclosure shall be no higher than 65°C (117°F).
Wwhose casing the measured temperature rises further@bove the ambient than indicated in the
b temperature limit marked on the capacitor.

tator frame,

b that have been

bd conductors within a Class A insulated motor, rubber-insulated metor leads, and a rubber-insylated flexible

conductor of
lating material

Able is

17.2 In testin
closely as po|

intended to siqulate conditions of actual use that may be more severe than the maximum |

recommended

17.3 At a poit on the surface of a ceil where the temperature is affected by an external g

the temperatu
indicated in n
Table 17.1, w
specified in T

17.4 All value
a test may b

j an appliance, maximum normal_load is considered to be the load that ap
5sible the most severe conditions of normal use. It is not a deliberate o\

by the manufacturer of the.appliance.

Fe rise measured by-means of a thermocouple may be 15°C (27°F) more than
ptes 7 and 10 of ;Fable 17.1, and 5°C (9°F) more than the maximum indicate
en the temperature rise of the coil, as measured by the resistance method, ig
ble 17.1.

s in Table 17.1 are based on an assumed ambient (room) temperature of 25
b, coriducted at any ambient temperature within the range of 10 — 40°C

proximates as
erload, but is
bad conditions

ource of heat,
the maximum
d in note 8 of
no more than

°C (77°F), but
50 — 104°F).

However, if tt

€ operation of arm autonatic thermatcontrotdurng—thetest timitsthe—temp

erature under

observation, no observed temperature higher than 25°C (77°F) plus the specified maximum rise is

acceptable.

17.5 A short length of rubber- or thermoplastic-insulated flexible cord exposed to a temperature higher
than 60°C (140°F) (such as at terminals) is acceptable if supplementary heat-resistant insulation is used
on the individual conductors of the cord to safeguard deterioration of the conductor insulation. The
dielectric withstand properties and temperature rating of the supplementary insulation shall be in

accordance w

ith the electrical and thermal environment in which the material is used.
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17.6 For the normal temperature test, the voltage of the test circuit is to be 120 volts if the appliance is
rated between 110 and 120 volts, or 240 volts if the appliance is rated between 220 and 240 volts. For
any other voltage rating, the appliance is to be tested at its marked voltage rating. An appliance that is
rated for use at more than one voltage or for a range of voltages and contains a tapped transformer or
other means of being adapted to different supply voltages is to be tested at the most unfavorable

combination o

Exception:

f supply voltage and internal adjustment.

instructions when all three of the following conditions are met:

An appliance may be tested while connected in accordance with the manufacturer’s

a) A clear, permanent marking is provided adjacent to the cord or supply compartment to warn
the user that internal adjustments must be made when the appliance is installed or moved.

b) Deg
are pg
inside
voltag

c) Th
wiring

17.7 If an apy
be modified t
appliance.

17.8 Thermal
taken at the ¢
being whichey

a) 5
b) 10

17.9 For the
smaller-frame
thermocouple
the insulation
motor, the the
by no more th
are to be meqg

tailed instructions clearly showing the adjustments that must be made forva
brmanently attached to the appliance. These instructions may be on thé outs
of the overall enclosure where visible at the point at which adjustments for 3
es must be made.

e means provided for adjusting for different voltages comply“with the require
terminals in 8.3.1 — 8.3.13.

liance obviously is not intended for continuous operation, the normal temper
D take into consideration the probable occasional/or periodic short-time op

equilibrium is to be considered to exist only.if successive readings indicate ng
bnclusion of each of three consecutive_equal intervals of time, the duration o
er of the following is longer:

hinutes or

thermocouple-measured temperature of a coil in a 7-inch-diameter

is to be applied_to the magnet wire, or it is to be separated from that wire by
on the conductor itself. For the thermocouple-measured temperature of a cg
rmocoupledis to be mounted as described above, or it may be separated from
an the.insulation on the conductor itself and the normal coil wrap. Ordinarily
sured by means of thermocouples.

percent of the total test.time elapsed previous to the start of the first interval.

rious voltages
ide or on the

sUpply

ments for

ature test may
eration of the

change when
f each interval

(178-mm) or

alternating-curfent motor other than a universal motor (note 8 in Table 17.1), the

no more than
il of any other
the conductor
temperatures

Exception:

inaccessible for mounting thermocouples.

Motor-coil temperatures may be determined by the resistance method if the coil is

17.10 When thermocouples are used in determining temperatures in electrical equipment, it is standard
practice to use thermocouples consisting of 30 AWG (0.05 mm?) iron and constantan wire and a
potentiometer type instrument; and such equipment is to be used whenever referee temperature
measurements by thermocouples are necessary.
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17.11 The thermocouples and related instruments are to be accurate and calibrated in accordance with
good laboratory practice. The thermocouple wire is to conform to the requirements for special
thermocouples as specified in the Initial Calibration Tolerances for Thermocouples table in Temperature
Measurement Thermocouples, ANSI/ISA MC96.1.

17.12 A thermocouple junction and adjacent thermocouple lead wire are to be securely held in good
thermal contact with the surface of the material whose temperature is being measured. In most cases,
adequate thermal contact results from securely taping or cementing the thermocouple in place, but if a
metal surface is involved, brazing or soldering the thermocouple to the metal may be necessary.

17.13 Rubber and other material subject to deterioration is to be removed from feet and other supports
of the appliance if absence of the material might result in the appliance attaining higher temperatures.

17.14 The thprmocouple method consists of the determination of temperature by the)|application of
thermocouples to the hottest accessible parts.

17.15 The registance method consists of the determination of the temperaturé~of a copger winding by
comparing thg resistance of the winding at the beginning of the test with its résistance at the end of the
test, also takirjg into consideration ambient (room) temperature at the beginning and end of the test period
according to the following formula:

At =

S

(2345 + £,) - (2345 + t,)

in which:
R is the resistance of the winding_in ohms at the end of the test,
r is the resistance in ohms_at.the beginning of the test,
234.5]is the constant-for’copper,
t; is the room temperature in degrees C at the beginning of the test, and

t, is the roem temperature in degrees C at the end of the test.

17 16 Becaurn Hic nonarallhy masncoanms tn AN Aanaraion tha apndine hafars mnaciivins D he Value Of R

T o gohtioiry et ooty to ot ChcTgiZT e o g o T TorcTcaouritig T\

at shutdown may be determined by taking several resistance measurements at short intervals, beginning
as quickly as possible after the instant of shutdown. A curve of the resistance values and the time may be
plotted and extrapolated to give the value of R at shutdown.
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18 Overload Test

18.1 The switching contacts of an appliance, when tested under overload conditions as described in 18.2
— 18.4 shall be capable of performing successfully for 50 cycles of operation at the rate representing
normal service, but not slower than 6 cycles per minute. There shall be neither electrical nor mechanical
failure of the switching mechanism nor undue burning, pitting, or welding of the contacts. The enclosure,
if of metal, and any other exposed, noncurrent-carrying metal parts shall be grounded through a
3-ampere, nondelay-type fuse. The test load shall be representative of the load (inductive or noninductive)
that the contacts are intended to control.

18.2 The contacts of a master clock, push button, or similar device that is supplied with and controls the
normal load — that is, contacts that are not intended to be connected to a separate load in the field — shall

be tested at 1

erated at the

voltage indica]

18.3 The con
clock to which
and at 150 pe

18.4 The con
motor is stallg

19 Endurancq

19.1 An appli
shall be capal
19.3. There {
burning, pittin

19.2 The test
their maximur
of service. In
hours is usual

19.3 An elect
cycles of cont|

10 + £+l 1+ <l + il + 4 L +lo L H
LU MPUTULTTIU UT HTC VUIIAY T TTTCAoUTTU At tic LUTTIAULS WiTCTT UTc aAppiarivc 1o

ed in 17.6 for the normal temperature test.

facts of a component or part such as a relay, or the minute-impulse contac
a load is intended to be connected in the field shall be tested dt~maximum
rcent of rated current.

facts of an appliance that are used to control a motor shall be tested while t
d.

b Test

Ance or device having switching contacts whose failure can result in a hazar
ple of withstanding a continuous-operatiom~test under the conditions describg
hall be neither electrical nor mechanical failure of the appliance or devig
), or welding of the contacts.

shall involve the necessary number of cycles of make and break with the co
N normal load (inductive or pgninductive) at rated voltage to represent at leg
he case of an appliance-intended for continuous duty, a test representing m
ly necessary.

rically operated time*stamp or similar appliance shall be subjected to not lesg
nuous operation)without any hazardous electrical or mechanical failure.

[s of a master
rated voltage

he rotor of the

lous condition

bd in 19.2 and
e, nor undue

htacts carrying
st 1000 hours
ore than 1000

than 100,000
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20 Burnout Test

20.1 If the condition of continuous energization can result from the mechanical failure of any component
or components, the electro-magnet coils of an appliance of periodic short-time operation (such as those
of a minute-impulse-type secondary clock, master clock, relay, motor) and the electro-magnet coil of an
appliance of occasional short-time operation (such as a time stamp) shall be capable of withstanding
continuous energization at maximum rated voltage without emission of flame or molten metal from the
enclosure and without otherwise increasing the risk of fire.

20.2 In determining compliance of an appliance with the requirement in 20.1, a coil is to be connected to
the supply circuit and operation continued until constant temperatures are attained or until burnout occurs.
During the test, exposed dead metal parts of the appliance are to be connected to ground through a

3-ampere no
of the applian

Exception: T
no case is thq

21 Dielectric

21.1 An appli
potential betw|

a) All
b) All
c) Liv

In (c), the tes
test potential §
at more than

21.2 To dete
by means of
essentially sir
required test
potential is to

indicated by tlhe voltmeter.

1 £ Tl Il H P~ [N 4 tacl oy £ tacl + | +la
CiAy TUOLT. TTIC OUPMIYy LITUUIL TO TU VT PJTULTUITU Uy TUOT O TAatTLUu Al TTUL TT OO Ul

Ce rating.

he next lower fuse rating may be used if the value is not a standard ampere
protection to be less than 20 amperes.

/oltage-Withstand Test

Ance shall be subjected for 1 minute to the application of-a 60 hertz, essent
pen:

live parts and the enclosure,
live parts and exposed dead metal parts,cand
e parts of circuits operating at different*potentials or at different frequencies.

potential shall be the value determined by the higher voltage of the differer
hall be 500 volts for circuits @perated at 50 volts or less and 1000 volts for cir
b0 volts. The results are-aceeptable if there is no dielectric breakdown.

Imine if an appliance\eomplies with the requirements in 21.1 the appliance is
a 500 volt-ampere)or larger capacity testing transformer, the output voltag
usoidal and can) be varied. The applied potential is to be increased from
evel is reached and is to be held at that level for 1 minute. The increase
be at a stbstantially uniform rate and as rapid as is consistent with its value

n 150 percent

b rating, but in

ally sinusoidal

t circuits. The
cuits operated

to be stressed
e of which is
zero until the
in the applied
being correctly
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22 Crossover Lead Dielectric Voltage-Withstand Test
22.1 General

22.1.1 To determine compliance with 14.4, a coil as described in 14.4 is to undergo the tests described
in this section.

22.2 Potential test
22.2.1 Three separate samples are to be subjected to the test described in 22.2.2 after constant

temperatures have been reached as the result of operation under the conditions specified in the Normal
Temperature Test, Section 17. While heated from the normal temperature test, the coil terminals are to

be connected
for 7200 elect

22.2.2 The t¢
value and incr
the voltage is
is to be opend

22.3 Potentia]

22.3.1 While
test described
potential appli

22.3.2 Ifthet
an oven that
temperature b

23 Strain Rel

23.1 The strg
35-pounds fd
disconnected.

23.2 The test]
means from g
acceptable if,
that stress wqg

+ 1t 41 4 + diol £ oot o tacl 1 4
wart dnciriatiTty CUTTTTit pguteTitiar Ul ittt uic Tattu vuitaytc at dily apgprupl

rical cycles, or for 60 seconds, whichever is less.

st voltage specified in 22.2.1 is to be obtained by applying one quarter or
easing to the full value in not more than 15 seconds. After being hield'for the
fo be reduced within 5 seconds to one quarter or less of the maximum value,
d.

test repeated

heated, following operation at 110 percent of its rated voltage, the samples st
in 22.2.1 and 22.2.2 are to be subjected to arepeated potential test at 65
ed in accordance with 22.2.1.

bmperature that a coil winding reaches_in the tests described in 22.2.1 and 22
can be set at the required temperature may be used to condition the g
efore conducting the test.

ef Test

in-relief means provided-on the flexible cord shall be subjected for 1 minu

force is to_be exerted on the cord and supported by the appliance to stress t
ny angleithat the construction of the appliance permits. The means of affg
at the peint of disconnection of the conductors, there is no movement of the
uld-have resulted on the connections.

ate frequency

ess of the full
ime specified,
and the circuit

bjected to the
percent of the
.2.2 is known,

ample to that

te to a pull of

rce (155.7 N) applied to the cord while the connections within the appliance are

he strain-relief
rding strain is
cord indicating
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24 Test for Resistance to Rain

24.1 Appliances intended for outdoor use shall be subjected to the rain test described in 24.2 — 24.8.
Following the test, the appliance shall have an insulation resistance of not less than 50,000 ohms
measured between live parts and dead metal parts and shall withstand a repeated dielectric withstand test
as described in the Dielectric Voltage-Withstand Test, Section 21. The appliance shall also comply with
24.8.

24.2 The test is to be conducted under intended conditions of operation most likely to cause entrance of
water into or onto the electrical components. It may be necessary to operate the appliance under various
modes of operation or to de-energize the appliance if more adverse conditions could result. In any case,
each exposure to the simulated rain is to be for 1 hour. If more than one exposure is required, the

£

appliance is tq
exposures.

24.3 Followin
prior to the te

24.4 Field wifing connections to the appliance are to be made to represent\the intended 1

wiring. Normal
of a conducto

24.5 The Die
rain, and the i

24.6 The rain
shown in Figu
24.2. The wat
spray head. T
located within
of the lower s
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p the water spray exposure, units intended to be permanently installed lare ng
5t described in 24.4.

ly, openings at which conduit is to be terminated will be Sealed, but opening
or conductors of a low voltage circuit shall not be sealed-

ectric Voltage-Withstand Test, Section 21, is to ‘he repeated after exposur
hsulation resistance is to be measured following.each exposure.

test apparatus is to consist of three spray-heads mounted in a water suppl
re 24.1. Spray heads are to be constructed in accordance with the details sk
br pressure for all tests is to be maintained at 5 pounds per square inch (34 .4
he spray is to be directed towards-the top and side of the appliance, which is
the spray pattern. The top of thé.-appliance is to be at least 3 feet (0.91 m) b
bray head outlet.

ected by prior

t to be moved

nethod of field
s for the entry

b to simulated

y pipe rack as
own in Figure
| kPa) at each
to be centrally
blow the plane
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Figure 24.1
Rain test spray head

ASSEMBLY 2

F ) BODY ,
N\ BN\ e e
K1 T 1 T
e /Y

MAx) L

(DRILL THRU

INSERT

(MAX.)
45" COUNTERSINK -
S (DEEP) QH’ Ig HOES -1 (ORI THRU)

R (DRILL TO DEPTH
““REQUIRED FOR THROAT)

6

L g
— V (HEX. OR ROUND
K

U

BAR STOCK)

U (DRILL THRU

f—

J

3 - SQUARESECTION SLOTS - W WIDE x G DEEP - SPACE 120° -
60° HELIX~=’LEADING EDGES TANGENT TO RADIAL HOLES

ltem inch mm ltem inch mm
A 1-7/32 31.0 N 1/32 0.80
B 7/16 11.0 P 575 14.61
C 9/16 14.0 .576 14.63
D 578 14.68 Q 453 11.51

.580 14.73 454 11.53
E 1/64 0.40 R 1/4 6.35
F c c S 1/32 0.80
G 06 , 152 T (No. 35)° 280
H (No.9)" 5.0 U (No. 40)°  2.50
J 23/32 18.3 v 5/8 16.0
K 5/32 3.97 w 0.06 1.52
L 1/4 6.35
M 3/32 2.38
0 Nylon Rain—Test Spray Heads are available from

Underwriters Laboratories

D ANSI B94.11M Drill Size
€ Optional — To serve as a wrench grip.

RT100E
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Figure 24.2
Rain test spray head piping
PLAN VIEW
|e A o} A -
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AN

SIDE VIEW ?
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[tem inch mm
A 28 710
B 55 1400
C 2-1/4 55
D 9 230
E 3 75
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