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INTRODUCTION
1 Scope

1.1 These requirements cover clock-operated switches rated 600 V or less, to be used in ordinary
locations designed to close and open circuits to a load at predetermined intervals, and intended to be
employed in accordance with the National Electrical Code, ANSI/NFPA 70.

1.2 These requirements cover only clock-operated switches in which the switching contacts are actuated
by a clock-work, by a gear-train, by hand, by electrically-wound spring motors, by electric clock-type
motors, or by equivalent arrangements. In addition to closing and opening the switching contacts, the

devices may also indicate the time of day or time interval.

1.3 These req

uirements do not cover devices incorporating electronic timing circuits or, swj

without separgble contacts.

1.4 A clock-0
capabilities, i
established fo

1.5 Specific f

1.6 A product
from those co
injury to pers
requirements
by the intent
systems confl
this Standard.
conformance

2 Glossary

2.1 Forthep

tching circuits

perated switch, which is incomplete in construction features or_restricted in performance

5 acceptable for use as a factory-installed component provided that th
I the component are eliminated when the component is installed.

rovisions are included in these requirements for TV rated-clock-operated sw

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

e restrictions

tches.

ew or different
ctric shock, or

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

hs determined necessary to maintain thesaceeptable level of safety as origing
of this Standard. A product whose features, characteristics, components,
ct with specific requirements or provisions of this Standard cannot be judged
Where considered appropriate, revision of requirements shall be proposed 4
vith the methods employed for:development, revision, and implementation of

rpose of this standard the following definitions apply.

2.2 ACCESSIBLE PART — A part so located that it can be contacted by a person, either g
means of a probe or tools

2.3 LEAKAG
currents, that
other expose

CURRENT - Leakage current refers to all currents, including capacitively g
ay be conveyed between exposed conductive surfaces of an appliance an
conductive surfaces of a device.

lly anticipated
materials, or
to comply with
nd adopted in
this Standard.

irectly or by

oupled
I ground or

2.4 LIVE PARTS — Denotes metal or other conductive parts that have a potential difference with

respect to gro

und or any other conductive part in intended use.

2.5 LOW-VOLTAGE CIRCUIT — A circuit classified as low voltage is one involving a potential of not
more than 42.4 V peak (30 V rms) and supplied by a primary battery, by a standard Class 2

transformer, or by a combination of a transformer and a fixed impedance, which, as a unit, complies
with all the performance requirements for a Class 2 transformer.

2.6 OPERATING CONTROL — A control, usually a knob, push button, or lever, provided to enable the
user to cause the device to perform its intended function, without the use of tools, when the device is in

the operating

condition.
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2.7 PERMANENTLY CONNECTED — Denotes connection to a supply circuit by way of fixed electrical

conductors.

2.8 PILOT DUTY — An application involving the control of an electromagnet.

2.9 PLUG-IN DEVICE - A device provided with integral blades for direct insertion into a receptacle.

2.10 RAINPROOF — So constructed, protected, or treated as to prevent rain from interfering with
successful operation of the device under specified test conditions.

2.11 SWITCH - Usage of the word switch without further qualification signifies a clock-operated switch

in subsequent

paragraphs of this standard.

3 Component

3.1 Except ag
requirements

3.2 A component need not comply with a specific requirement that:

a) Iny
produ

b) Is

3.3 A compo

conditions of fise.

3.4 Specific ¢
performance

certain tempe
conditions for

4 Units of Mg

4.1 If avalue
be only appro

[

indicated in 3.2, a component of a product covered by this standard shall ¢
or that component.

olves a feature or characteristic not needed in the application of the compor]
Ct covered by this standard, or

superseded by a requirement in this standard.

hent shall be used in accordance with jits\recognized rating established fo
omponents are recognized as being incomplete in construction features ¢
apabilities. Such componentssare intended for use only under limited condi
atures not exceeding specified-limits and shall be restricted to use only under
which they have been recognized.

asurement

for measurementis followed by a value in other units in parentheses, the sec
Kimate. Thedirst stated value is the requirement.

bmply with the

ent in the

the intended

r restricted in
tions, such as
those specific

bnd value may
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5 References

5.1 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.

CONSTRUCTION

6 Frame and

6.1 General

Enclosure

6.1.1 The frame and enclosure shall be strong and rigid to resist the abuses likely to be encountered

™

during serviceg

with the atten
that alone or

6.1.2 Electric
unintentional ¢
is considered

Exception: A

6.1.3 An ope
illustrated in H
the risk of ele
large enough

T al £ ot + Lot TN doia dlo ool oll Lodla ot
FTIC UTyYItT Ul othrutiurdr mnecyrity mimieroTitmr e urmt ofiall protiuutc tutar Ul >

Hant reduction of spacings, loosening or displacement of parts, and other(s
N combination constitute an increase in the risk of fire, electric shock,.Qrinjy

hl parts of a clock-operated switch shall be located or enclosed“to redu
ontact with an uninsulated live part. For the purpose of these requirements, fi
to be an uninsulated live part.

n enclosure is not required for a device intended for assembly as part of and

ning in an enclosure or a clock-operated switch is’ acceptable if an accessi

Ctric shock to the end-user or service personnel. However, in no case shall t
fo permit the entrance of a 1 inch (25.4 mni) diameter rod.

artial collapse
erious defects
ry to persons.
ce the risk of
m-coated wire

ther device.

bility probe as

igure 6.1, when inserted into the opening, cannot be made to touch any pait that involves

he opening be
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Figure 6.1
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6.1.4 The accessibility probe shall be articulated into any configuration and shall be rotated or angled to
any position before, during, or after insertion into the opening, and the penetration shall be to any depth
allowed by the opening size, including minimal depth combined with maximum articulation.

6.1.5 If any part of the enclosure must be opened or removed as part of normal operation, regular
adjustment, or regular or required maintenance (set point adjustment, timer or time of day clock
adjustment, battery replacement, and the like) with or without the use of tools, or can be opened or
removed without the use of tools, the accessibility probe is to be applied without the part in place.

Exception: An enclosure employing a snap-on cover as indicated in 6.5.2 need not comply with this
requirement.

be located or

6.1.6 Moving
enclosed to rg

£, £ ol =Y + £ oot ] ] 1 + H Lol
palto Ul a oWIitLTT oULTT Ao TULUTO UT TTTULUT O, LIVUULIN VWUITRO, Ul ytdl trdifio,  ofial

duce the risk of injury to persons.

6.1.7 If a marking draws attention of the user to a hole of any size in the enclosure lfor an

shall not be p
the hole with

6.2 Nonmetal

6.2.1 Among
enclosure or f

a) Mg
b) Re
c) Mg
d) Cd
e) Re

f) Re
normg

9) Ad

6.2.2 A nonni
described in 3

pssible to damage insulation or film-coated wire, or contact uninsulated live
h 1/16-inch-diameter (1.6 mm) rod.
ic

the factors that are taken into consideration in determining the acceptability o
fame or an enclosure or frame of magnesium aret

chanical strength

sistance to impact
isture-absorptive properties
mbustibility

sistance to arcing

bistance to temperatures to which the material might be subjected under con
| or abnormal use.

ng chardeteristics

etallicrenclosure as indicated in 6.2.1 shall withstand a single impact of 5 f

3:Lwithout introducing a risk of fire, electric shock, or injury to persons.

adjustment, it
parts through

a nonmetallic

ditions of

-Ibf (6.8 J) as
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6.3 Cast metal

6.3.1 Cast metal for an enclosure shall be at least 1/8 inch (3.2 mm) thick at every point, of greater
thickness at reinforcing ribs and door edges, and not less than 1/4 inch (6.4 mm) thick at tapped holes for
conduit; except that, other than at plain or threaded conduit holes, die-cast metal shall not be less than
3/32 inch (2.4 mm) thick for an area greater than 24 in? (0.0155 m?) or having any dimension greater than
6 inch (152 mm) and shall not be less than 1/16 inch (1.6 mm) thick for an area of 24 in? or less and
having no dimensions greater than 6 inch. The area limitation for metal 1/16 inch thick may be obtained
by the provision of reinforcing ribs subdividing a larger area.

6.3.2 A knockout in a die-cast metal enclosure for conduit connection of 1 inch trade size or smaller
conduit, shall not be less than 1/16 inch (1.6 mm) thick and the narrow section around the periphery that

H H Lol £ H [N [PH + olall + Lo 1 +h o220 . L /(O T4 oo H
IS reduced In TMTURATTC oo TUT TAST T UTTUNITY UUL ofdil TTUL VT TC oo UiAalnT V. UL U eIl (V.o L 11 ]) thICk-

6.3.3 Considgration is to be given to the number of such knockouts required to connect the¢ device in the
manner intengled. The number of knockouts provided is not to affect the structurallintegrjty or result in
unused openings.

6.4 Sheet mejtal

6.4.1 The thigkness of a sheet-metal enclosure shall be as indicated‘in Tables 6.1 and §.2 except that
steel shall nof be less than 0.032 inch (0.81 mm) thick — 0.0347inch (0.86 mm) if zinc|coated — and
nonferrous metal shall not be less than 0.045 inch (1.14 mm)_thick at points where a wiring system is to
be connected|in the field.

6.4.2 Tables p.1 and 6.2 are based on a uniform deflection of the enclosure surface for any given load
concentrated gt the center of the surface regardless_of metal thickness.

Table 6.1
Minimhum thickness of sheet metal for_enclosures carbon steel or stainless steel

Without qupporting frame 2 Without supporting frame or Minimum thickness in ifjches (mm)
equivalent reinforcing 2
Maximum width ® | Maximum lengthSe-}* Maximum width ® | Maximum length Uncoated Zipc coated
inches (cn)) inches (€m) inches (cm) inches (cm)
4.0 (10}2) Nottimited 6.25 (15.9) Not limited 0.020¢ | (0.51)¢ | 0.9239 | (0.58)d
4.75 a2f1) 575 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (15}2) Not limited 9.5 (24.1) Not limited 0.026¢ | (0.66)4 | 0.g29¢ | (0.74)d
7.0 a7ts) 8.75 (22.2) 10.0 (25.4) 12,5 (31.8)
8.0 (20.3) Not imited 120 305) Not imited 0.037 [(OR:)0) 0.034 (0.86)
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6)
12,5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)

140  (356) | 180  (@57) | 210 | (533) | 250  (63.5)

180  (45.7) Not limited 270 | (68.6) Not limited 0053 | (1.35) | 0056 | (1.42)
200 (50.8) | 250  (635) | 290 | (737) | 360  (91.4)

22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 | (1.52) | 0.063 | (1.60)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 430  (109.2)

25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 | (1.70) | 0.070 | (1.78)
29.0 (73.7) 36.0 (91.4) 410 | (104.1) | 51.0  (129.5)

Table 6.1 Continued on Next Page
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Table 6.1 Continued

Without supporting frame 2 Without supporting frame or Minimum thickness in inches (mm)
equivalent reinforcing 2
Maximum width ® | Maximum length ¢ | Maximum width ® | Maximum length Uncoated Zinc coated
inches (cm) inches (cm) inches (cm) inches (cm)
a See 6.4.3.

b The width is the smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.

¢ For panels that are not supported along one side, for example, side panels of boxes, the length of the unsupported side shall
be limited to the dimensions specified.

d Sheet steel fopan enclosure intended fo i i thick if zinc
coated and not Jess than 0.032 inch (0.81 mm) thick if uncoated.
Table 6.2
Minimum thickness of sheet metal for enclosures aluminum, copper, onbrass
Withput supporting frame 2 Without support frame or equivalent reinforcing a
Maximum wfdth ° Maximum length € Maximum width ° Maximum length Minimunp thickness
inches (cm) inches (cm) inches (cm) linches (cm) inches (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited
3.5 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1) 0.23d (0.58)d
4.0 (10.2) Not limited 10.0 (25.4) Not limited
5.0 (12.7) 6.0 (15.2) 10.5 ©@6:7) 13.5 (34.3) 0.0299 (0.74)
6.0 (15.2) Not limited 14.0 (35.6) Not limited
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) 0.036 (0.91)
8.0 (20.3) Not limited 19,0 (48.3) Not limited
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) 0.045 (1.14)
12.0 (30.5) Not limited 28.0 (71.1) Not limited
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) 0.058 (1.47)
18.0 (45.7) Not limited 42.0 (106.7) Not limited
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) 0.075 (1.92)
25.0 (63.5) Not limited 60.0 (152.4) Not limited
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) 0.095 (2.41)
a See 6.4.3.
b The width is fhe $maller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces
may have supgorts.in common and be made of a single sheet. T
¢ For panels that are not supported along one side, for example, side panels of boxes, the length of the unsupported side
shall be limited to the dimensions specified.
d Sheet copper, brass, or aluminum for an enclosure intended for outdoor use (rainproof) shall not be less than 0.029 inch
thick (0.74 mm).

6.4.3 With reference to Tables 6.1 and 6.2, a supporting frame is a structure of angle or channel or a
folded rigid section of sheet metal that is rigidly attached to and has essentially the same outside
dimensions as the enclosure surface and that has flexural rigidity to resist the bending moments that may
be applied by the enclosure surface when it is deflected. Construction that is considered to have
equivalent reinforcing may be accomplished by designs that will produce a structure that is as rigid as one
built with a frame of angles or channels. Constructions considered to be without supporting frame include:
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a) A single sheet with single formed flanges (formed edges),

b) A single sheet that is corrugated or ribbed, or

¢) An enclosure surface loosely attached to a frame, for example, with spring clips.

6.4.4 A part such as a knob, lever, or dial that is being depended upon to obtain compliance with 6.1.1
or 6.1.5 shall be of metal or other material as specified for the enclosure in 6.2.1, 6.3.1, and 6.4.1.

6.5 Covers

6.5.1 The enclosure and parts of the enclosure such as doors, covers, and the like shall be provided with

means for seq

6.5.2 A snap
tool-operated
withstand the

6.5.3 An enc
overload protg

6.5.4 A hinge
tool to hold it
securing meal

6.5.5 A door ¢r cover giving access to fuses or thermal-cutouts in other than low-voltage cir

closely againg
length of four
of the walls of
special constr

6.5.6 Strips u
not less than
between thes{

H +lo H 1
Uiy uictm mrpgriacvc.

-on cover that gives access to uninsulated live parts and does ngtyhay
astener shall not have any apparent means of removal, such as an extending
tests described in Snap-On Cover Tests, Section 38.

osure cover shall be hinged if it gives access to fuses, thefmal cutouts,
ctive device, the normal functioning of which requires reriewal.

d cover shall not depend solely upon screws or oth€rsimilar means requirin
closed, but shall be provided with a spring latch/or catch or other hand g
Ns.

t a 1/4 inch (6.4 mm) rabbet or the equivalent, or shall have either turned flan
edges or angle strips fastened to it. Elanges or angle strips shall fit closely wj
the box proper and shall overlap the edges of the box not less than 1/2 inch
iction that affords equivalent protection or a combination of flange and rabbet

sed to provide rabbets orangle strips fastened to the edges of a door shall
fwo points, not more than’'1-1/2 inch (38.1 mm) from each end of each strip
b end fastenings nat'more than 6 inch (152 mm) apart.

e a separate
tab, and shall

or any other

g the use of a
perable cover

tuits shall shut
ges for the full
th the outside
(12.7 mm). A
is acceptable.

be secured at
and at points
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6.6 Openings

6.6.1 An opening shall not be provided in an enclosure that houses a fuse or any portion of a circuit
breaker other than the operating handle, unless the construction affords containment of electrical fault
disturbances equivalent to that provided by an enclosure complying with the requirements in 6.5.4 — 6.5.6.

6.6.2 The following requirements apply to openings:

a) An opening shall not be provided in a compartment or part of an enclosure that contains
field-wiring splices in a line-voltage circuit.

b) No openings shall be located in the mounting surface of an enclosure.

Exception: The following openings may be located in the mounting surface of anlenclosure:
1) A mounting opening.
2) A maximum of four openings provided for the escape of air_or paint duting a painting
process. The maximum dimension of such an opening shall\iot exceed 1/8 inch (3.2

mm).

3) A maximum of four unused holes provided formounting of internal conjponents. The
maximum dimension of such an opening shall hot exceed 3/16 inch (4.8 mim).

c) If the bottom surface is not the mounting surfaceyan opening may be provided |in the bottom
surfage of an enclosure if the opening does notcpermit materials to fall out from the interior of
the unit. See Figure 6.2 for an example of a_gonstruction complying with this requifement.

d) The shortest distance between an opening and the bottom of an enclosure or g wall-
mounting surface shall be at least oné-quarter of the enclosure height or depth, regpectively, or
1 incH (25.4 mm), whichever is less:

e) Aifl from an opening, eitherforced or otherwise, shall not be directed:
1) Into a duct ©rjinto a concealed space in a building,

2) Againstithe mounting surface, or

3) So-that a disturbance would be propagated to other equipment.

f) No{ more than four holes for mounting an enclosure having a maximum dimensjon of 18
inches (457 mm); six holes for an enclosure with a maximum dimension of more than 18
inches, but less than 48 inches (1.2 mm); eight holes for an enclosure with a maximum
dimension of 48 inches or more. Four of the holes for mounting an enclosure with a maximum
dimension of 12 inches (305 mm) may be keyhole slots having the configuration illustrated in
Figure 6.3. The dimensions shown in Figure 6.3 may vary if the area is equivalent. Four of the
holes for mounting a larger enclosure may be keyhole slots, the dimensions of which are not
specified, and which shall be judged with regard to the enclosure dimensions and configuration.
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Figure 6.2
Bottom panel baffles

2X BUT NEVER LESS

<_/THAN 1"(25.4mm)

BAFFLE PLATES

MAY BE BELOW

(
NOTTOM OF DEVICE)

EC315C

—] X<} |

BOTTOM OF DEWICE M

Figure'6.3
Keyhole slot
15/64"
—=(6.0mm)[~=—
MAX.

71

49/64"

(ﬁ-:grn) / | \
[

_ 25/64"
(9.9mm)
MAX.

EC600


https://ulnorm.com/api/?name=UL 917 2016.pdf

16 CLOCK-OPERATED SWITCHES - UL 917

JULY 19, 2016

6.6.3 The smaller dimension (width) of an opening in an enclosure around a dial, adjustin
handle, pointer, or the like shall not be more than 1/8 inch (3.2 mm) for any setting or positi
knob, and the like.

6.7 Screens and expanded metal

g knob, lever,
on of the dial,

6.7.1 The wires of a screen shall not be less than 16 AWG (1.3 mm?) for screen openings 1/2 square
inch (3.23 cm?) or less in area, and shall not be less than 12 AWG (3.3 m?) for larger screen openings.

6.7.2 Perforated sheet steel and sheet steel used for expanded metal mesh shall not be less than 0.042
inch (1.07 mm) thick — 0.045 inch (1.14 mm) if zinc coated — for mesh openings or perforations 1/2 square
inch (3.23 cm?) or less in area and shall not be less than 0.080 inch (2.03 mm) thick — 0.084 inch (2.13

ol
u

fUI :al yti UptTl I;I Yo

mm) if zinc cqate

Exception: panded metal mesh that complies with the requirements in 6.7.3 may(be u4
6.7.3 In a small device where the indentation of a guard or enclosure will not alter the cleay
uninsulated, njoveable, current-carrying parts and grounded metal so as to adversely affed
or reduce spdcings below the minimum values specified in Table 22.1, 0.820 inch (0.51 n
metal mesh —[0.023 inch (0.58 mm) if zinc-coated— may be used, if:

a) The exposed mesh on any one side or surface of thedevice so protected has
more than 72 square inches (464.5 cm?) and has no difaension greater than 12 in
mm),

b) The width of an opening so protected is natgreater than 3-1/2 inches (88.9 mnp).

6.8 Conduit gpenings

6.8.1 If threadls for the connection of conduit.are tapped all the way through a hole in an ¢
or if an equivalent construction is used, there shall not be less than 3 threads in the 1
construction gf the control shall be sugh-tfrat a conduit bushing can be attached as intendd

6.8.2 If threa
wall, conduit H
smooth, roung
provided by a
of the corresp

s for the connectionyof conduit are not tapped all the way through a hole in
ub, or the like, tkiere shall not be less than 3-1/2 threads in the metal and tH
ed inlet hole far the conductors that affords protection to the conductors equ
standard cenduit bushing and that has an internal diameter approximately the
pnding trade size of rigid conduit.

6.8.3 In an enclosure threaded for support by rigid conduit, at least 5 full threads shall b

ed.

ance between
t performance
hm) expanded

an area of not
ches (305

nclosure wall,
netal, and the
d.

an enclosure
ere shall be a
ivalent to that
b same as that

e provided for

engaging the ponduit.
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7 Rainproof Enclosures

7.1 A rainproof enclosure shall be so constructed, protected, or treated as to keep a simulated beating
rain as described in 31.1 and 31.2 from accumulating at a level higher than the lowest live part within the
enclosure. The enclosure shall be provided with external means for mounting, except that internal means
for mounting may be employed if constructed so that water will not enter the enclosure. Hinges and other
attachments shall be resistant to corrosion. Metal shall not be used in any combinations that result in
galvanic action that adversely affect any part of the device.

7.2 An opening for conduit in a raintight enclosure, other than in the bottom of the enclosure, shall be

threaded.

lowest termin
enclosure if a

7.4 A rainprd
coatings:

a) Ho
| of th

(Galv@nnealed) by the Hot Dip Process, ASTM A653/A653M-94, with not less thar]

of the

desigmation. The weight of the zinc coating may be determined by any acceptable

howe
test nj

b) A
applie
a min
estab
shall

c) Al
epoxy
may b
consid

al lug or ot
knockout or unthreaded hole is provided other than in the bottom.

of sheet steel enclosure shall be protected against corrosion My one of

t-dipped mill galvanized sheet steel conforming with the coating Designation
e Specification for Steel Sheet, Zinc-Coated (Galvanized)-or Zinc-lron Alloy-(

zinc on any side, based on the minimum single spot'test requirement in thig

er, in case of question the weight of coating 'shall be established in accorda
ethod of ASTM Designation A90-69.

inc coating, other than that provided>on hot-dipped mill galvanized sheet stg
d to an average thickness of not less than 0.00061 inch (0.015 mm) on each
mum thickness of 0.00054 inch(0.014 mm). The thickness of the coating sh
ished as indicated in Metallic!€oating Thickness Test, Section 34. An annea|
omply with 7.6.

inc coating conforming ‘with subitem 1 or 2 and with one coat of an organic
or alkyd-resin type or other outdoor paint on both surfaces. The acceptabilit]
e determined by consideration of its composition or by corrosion tests if thes
ered necessary.

1) Hot-dipped mill galvanized sheet steel conforming with the coating des
or A60 in Table I of the Specification for Steel Sheet, Zinc-Coated (Galvar
lron Alloy-Coated (Galvannealed) by the Hot Dip Process, ASTM A653/A6

volly below the

rainage of the

the following

G90 in Table
Coated

40 percent
ASTM
method;

nce with the

el, uniformly
surface with
all be

ed coating

finish of the
y of the paint
e are

gnation G60
ized) or Zinc-
53M-94, with

not less than 40 percent of the zinc on any side, based on the minimum s
requirement in this ASTM Designation. The weight of zinc coating may be
by any acceptable methods; however, in case of question the weight of co

established in accordance with the test method of ASTM Designation A90-

(alloyed) coating shall also comply with 7.6.

ngle spot test
determined
ating shall be
69. An A60

2) A zinc coating, other than that provided on hot-dipped mill galvanized sheet steel,

uniformly applied to an average thickness of not less than 0.00041 inch (0
each surface with a minimum thickness of 0.00034 inch (0.009 mm) the th

.010 mm) on
ickness of the

coating shall be established as indicated in Metallic Coating Thickness Test, Section 34.

An annealed coating shall also comply with 7.6.
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d) A cadmium coating not less than 0.0010 inch (0.025 mm) thick on both surfaces. The
thickness of coating shall be established as indicated in Metallic Coating Thickness Test,
Section 34.

e) A cadmium coating not less than 0.00075 inch (0.019 mm) thick on both surfaces with one
coat of outdoor paint on both surfaces, or not less than 0.0005 inch (0.013 mm) thick on both
surfaces with two coats of outdoor paint on both surfaces. The thickness of the cadmium
coating shall be established as indicated in Metallic Coating Thickness Test, Section 34, and
the paint shall be as described in item c).

7.5 Other finishes, including paints, special metallic finishes, and combinations of the two may be used
when comparative tests with galvanized sheet steel (without annealing, wiping, or other surface treatment)

WL 7 AL

are taken into

conforming wi
consideration
moist carbon

water.

T .'-r\a) ;Ild;batc thU_y 'JIUV;dC C\':iu;va:lsllt 'JIUtUbt;\JII. II'\\IIIUI IU thC fﬂ\;t\.}lo that
when determining the acceptability of such coating systems are exposure
Hioxide-sulfur dioxide-air mixtures, moist hydrogen sulfide-air mixtures{ ultra

7.6 A hot-dipped mill galvanized A60 (alloyed) coating or an annealed zinc coating that is b

formed after 4
formed area ff

7.7 If flaking

at 25 power 1
punched hole
with 7.6.

7.8 A gasket
material empl
the accelerate

7.9 Adhesive
accelerated-a

8 Mounting
8.1 General
8.1.1 Provisid
position. Boltg

for securing ¢
from the hous

lnnealing and that is not otherwise required to be painted, shall be painted
the bending or forming process damages the zinc coating.

Dr cracking of the zinc coating at the outside radius¢of'the bent or formed se
hagnification, the zinc coating is considered damaged. Simple sheared or

to salt spray,
iolet light and

ent or similarly
in the bent or

ction is visible
ut edges and

5 are not considered to be formed, but extrudedyand rolled edges and holes are to conform

pf an elastomeric or thermoplastic material or a composition gasket utilizing @n elastomeric

pbyed to make an enclosure rainproof(see 7.1) shall be resistant to aging as
d-aging tests described either in 35.1 or in 35.2, whichever applies.

cement if used to secure the gasket shall be resistant to aging as dete
hing test described in 35:3.

determined by

mined by the

n shall be{made for securely mounting a permanently connected clock-opeiated switch in

, screws,/or other parts used for assembling the switch shall be independent
bmponent parts of the switch to the frame, base, or panel. If the assembly mu

of those used
5t be removed

ng_for installation, the switch shall be independent of the assembly.

8.1.2 A cord-connected switch shall not include means for permanent mounting. One or two keyhole slots
for wall hanging may be provided if the hanging screws, nails, and the like, are not accessible for
tightening, and if long nails, hooks, or screws for hanging will not be likely to touch internal wiring, the
operating mechanism or live parts and will not result in spacing less those required in Table 22.1.
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8.2 Plug-in devices

8.2.1 A clock-operated switch having attachment-plug blades for plug-in connection to a receptacle outlet
rated 15 A, 125 V, and having the ANSI/NEMA WD6-1988 slot configuration shall have a mass of 28 oz
(0.79 kg) or less. The moment, center of gravity, and dimensions shall not exceed the limits specified in
8.2.2.

8.2.2 The moment, center of gravity, and dimensions of a clock-operated switch, see Figure 8.1, shall
comply with each of the following:

a) The quotient of WY/Z shall not exceed 48 oz (1.36 kg).

b) Th qUUtICIIt Uf ‘VAV,\IIIIS oha” IIUt U/\\accd 48 UL,
¢) The product of WX shall not exceed 80 oz-inch (0.56 N-m).
d) The dimension Z3 shall not exceed 3-1/4 inches (82.6 mm).

e) The dimensions Sq, S,, Z4, and Z, shall not exceed 5 inches (127 mm).
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Figure 8.1
Plug-in clock-operated limits of dimensions

H+H-

SIDE VIEW

C.G. = Center of Gravity

CP100
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8.2.3 Definitions for the symbols used in 8.2.2 are as follows:

W is the weight of the switch in ounces (kg),

Y is in inches (mm),

Z is the smaller of Z, or Z, in inches (mm),

S is the smaller of S; or S, in inches (mm), and

X is the larger of X; or X, in inches (mm).

9 Assembly

9.1 A switch,
and, except a

9.2 The requi
are met:

a) Th
switch
operal

b) Th

c) Th
rotate

d) Op
9.3 A lampho|

in which the |
reduce spacin

9.4 The mears for resisting turning mentioned in 9.1 and 9.5 is to consist of more than fr

surfaces — forf

small stem-m@unted switch or other device having a single-hole mounting means.

9.5 Live parts

a lampholder, a motor-attachment cap, or similar component shall he \moy
5 noted in 9.2 and 9.3, shall be resistant to turning. See 9.4.

‘ement that a switch be kept from turning may be waived if all four of the follow
e switch is of a plunger or other type that does not tend te rotate when oper.
is considered to be subject to forces that tend to turn‘the switch during ordi
ion of the switch).

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

spacings are not to be reduced below the minimum acceptable values if th
and

Sl
eration of the switch is by mechahical means rather than direct contact by p
der of a type in which the\lamp cannot be replaced — such as a neon pilot o

hmp is sealed in a nonremovable jewel — need not be kept from turning if r
gs below the minimum acceptable values.

example, a.lock washer, properly applied, is acceptable as a means to resi

nted securely

ing conditions

hted (a toggle
nary
will loosen it,

e switch

ersons.
indicator light

btation cannot

ction between
St turning of a

shall’be so secured to the base or mounting surface that they will resist tur

in position if {

uch motion may result in a reduction of spacings below the minimum acc

|

ing or shifting
ptable values

indicated in Table 22.1.
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10 Operating Mechanism

10.1 The assembly of the switch shall be such that it will not be affected adversely by the vibration of
operation.

10.2 A wire-binding screw or nut shall be provided with a lock washer under the head of the screw, or
under the nut, to keep it from loosening due to vibration if such loosening might permit shifting of parts,
thereby reducing spacings, or otherwise result in a risk of fire, electric shock, or injury to persons.

10.3 A permanently connected clock-operated switch or one with a polarized or grounded attachment

plug shall not

disconnect the grounded conductor of a circuit.

1.

Exception No
with this requ

Exception No
all the ungro
requirement.

10.4 Operatig

disconnects any conductor of an output circuit shall disconnect all ungrounded conductor|

circuit simulta

10.5 A cord-g

10.6 In detefmining compliance with 10.4 and 10.5,0vercurrent and other protectivg

considered to
operate simul

11 Corrosion

11.1 Iron and
the corrosion

11.2 In determining complianceé ‘with 11.1, phosphate treatment with an oil or wax coating

as corrosion p
steel is accep

L.

rement.

4 ol th ot e =y Lo ol aa. £ 1L il '3 £t H Y
A ovinerririat onrrunanicudory UioLUTiricuio Adilr LUTNUUTtiuro Ur ric uirourt 11T

2: A switch that is so arranged that the grounded conductor cannet be disg
unded conductors of the circuit have been disconnected neéd“not cor
n of a permanently connected clock-operated switch, with a marked off
neously.

onnected switch that has a polarized or grounded attachment plug shall con
provide operation. In addition, all poles ‘of a multiple switching device are
aneously.

Protection

bf such parts is likely to result in a risk of fire, electric shock, or injury to pers

rotection for magnets and armatures. Oil treatment is acceptable for steel spr
able without.additional protection if properly polished or treated when neces

d not comply

onnected until
nply with this

position, that
5 of the same
ply with 10.4.

b devices are
considered to

steel parts shall be protected against corrosion by enameling or other equivglent means, if

ons.

is acceptable
ngs. Stainless
sary.
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12 Insulating Material

12.1 A base for the support of live parts shall be of strong, moisture-resistant, insulating material. A
material other than slate, porcelain, phenolic or cold-molded composition, or one that is acceptable for the
support of live parts shall be investigated under conditions of actual service to determine if it has the
necessary electrical and mechanical properties and is otherwise acceptable for the particular application.
The base shall be so constructed that, considering the material used, it will withstand the most severe
conditions likely to be met in service.

12.2 Insulating material, including barriers between parts of opposite polarity and material that may be
subject to the influence of the arc formed by the separation of switching contacts, shall be acceptable for
the particular application.

12.3 Vulcanized fiber may be used for insulating bushings, washers, separators, and hatriers, but not as

the sole supp¢rt for uninsulated live parts of other than low-voltage circuits.

12.4 Sleeving, tape, and tubing on wires that involve a risk of fire or electric sheck shall b
temperature @nd voltage involved. Tape shall be flame-retardant. Sleeving~and tubing
flame-retardant rating VW-1. Sleeving, tape, and tubing need not be flame-retardant if empl
that does not|involve a risk of fire or electric shock and that is separated from wiring a
involving a rigk of fire or electric shock. Combinations of insulated,wire covered with sle

b rated for the
shall have a
byed on wiring
nd other parts

ing, tape, or

v
tubing where g¢ither the wire, sleeving, tape, or tubing is not classified as flame-retardant maI be subjected

to the flame test outlined for VW-1 wire to determine if the comhination may be classified
13 Field Confections
13.1 In 14.1.1 — 14.1.3 and 14.3.2 — 14.3.7, and particularly where wiring terminals are

connection wi
made in the fi

h permanently connected equipmentyfield connections are considered to be
eld when a device is installed.

14 Supply Cgnnections

14.1 Permangntly connected devices

14.1.1 A swit
terminals or |6
Code, ANSI/N

Ch intended for pesmanent connection to the supply source shall be provid
ads for the conngection of conductors of at least the size required by the Nat
FPA 70 corresponding to the rating of the device.

14.1.2 A lead
than 18 AWG

that is.intended to be spliced in the field to a circuit conductor shall not be

s VW-1.

mentioned in
those that are

ed with wiring
onal Electrical

smaller in size

14.1.3 A permanently connected switch shall have provisions for the connection of one of the wiring
systems that, in accordance with the National Electrical Code, ANSI/NFPA 70, would be acceptable.


https://ulnorm.com/api/?name=UL 917 2016.pdf

24

CLOCK-OPERATED SWITCHES - UL 917

NOVEMBER 10, 2006

14.2 Connections for wiring systems

14.2.1 A tapp

ed hole for the attachment of threaded rigid conduit shall be provided with:

a) An end-stop, or shall be so located that a standard bushing may be attached to the end of
the conduit,

b) A tapered thread in rainproof equipment if not provided with an end stop, and

c) At least three full threads when tapped all the way through the wall of an enclosure, or with
at least 3-1/2 full threads and a smooth, well-rounded inlet hole having a diameter
approximately the same as the internal diameter of a standard bushing to provide protection for

the cq

14.2.2 A kno
without undug

14.2.3 A kno
bushing, and
installation wi
minimum reqy

14.2.4 For ar
minimum reqy
bushing instal
of openings, 4
with the devic

14.2.5 In med
referred to in
Table 14.1 is

al $ P TR [l ot o o4 Had kb I I L
MUULUTNo TYUYUTVAITTIL tU UTdU JTUVIUTU Uy oULTT A Juoriiity.

kout in a sheet-metal enclosure shall be secured but shall be capable\of b
deformation of the enclosure. See Knockout Secureness Test, Segtiolr 39.

ckout shall be provided with a flat surrounding surface for proper seating
Shall be so located that installation of a bushing at any knoekout likely to b
| not result in spacings between uninsulated live parts and’the bushing of
irements in Spacings, Section 22.

enclosure not provided with conduit openings 6r Knockouts, spacings not
ired in Spacings, Section 22 shall be provided hetween uninsulated live parts

permanent marking of the enclosure, a template, or a full-scale drawing sha

D

lsuring a spacing between an uninsulated live part and a bushing installed ir
14.2.3 and 14.2.4, it is to be assumed that a bushing having the dimensior
n place, in conjunction with ‘a-single locknut installed on the outside of the e

Table 14.1
Bushing dimensions

eing removed

of a conduit
e used during
less than the

less than the
and a conduit

ed at any location likely to be used during installation. If it is necessary to limit the location

| be furnished

the knockout
s indicated in
nclosure.

Trade size of cpnduit Overall diameter in inches (mm) Height in inches (mn})
in inched

12 1 (25.4) 3/8 (9.5)
3/4 1-15/64 (31.4) 27/64 (10.7)

1 1-19/32 (40.5) 33/64 (13.1)
1-1/4 1-15/16 (49.2) 9/16 (14.3)
1-1/2 2-13/64 (56.0) 19/32 (15.1)

2 2-45/64 (68.7) 5/8 (15.9)
2-1/2 3-7/32 (81.8) 3/4 (19.1)

3 3-7/8 (98.4) 13/16 (20.6)
3-1/2 4-7/16 (112.7) 15/16 (23.8)

4 4-31/32 (126.2) 1 (25.4)
4-1/2 5-35/64 (140.9) 1-1/16 (27.0)

5 6-7/32 (158.0) 1-3/16 (30.2)

6 7-7132 (183.4) 1-1/4 (31.8)
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14.2.6 Clamps and fasteners for the attachment of conduit, electrical metallic tubing, armored cable,
nonmetallic flexible tubing, nonmetallic-sheathed cable, service cable, and the like, that are supplied as a
part of an enclosure shall comply with the Standard for Fittings for Conduit and Outlet Boxes, UL 514B.

14.3 Terminals

14.3.1 To determine the acceptability of field-wiring terminals covered in 14.3.2 — 14.3.7, stranded wire is
to be used for 8 AWG and larger conductors.

14.3.2 Connection of conductors to terminal parts shall provide good connection without damaging the
conductors and shall be made by means of pressure connectors (including setscrew type), solder lugs or

splices to fle

ible Ic::u'le1 nvr‘npf that 10 A\WWG or -smaller conductors may. be connecte

by means of

wire-binding §
one conductof

14.3.3 A wire
except that a

14.3.4 A term
mm) thick for
than 14 AWQ
necessary to

14.3.5 A wire

14.3.6 A swit
shall have ong

14.3.7 A tern
plated with, m
the other term
manner (such
grounded pow
other lead or

crews or studs and nuts having upturned lugs or the equivalent. Terminals
and terminals used to connect aluminum wire shall be of a type acceptable fa

tbinding screw to which field-wiring connections are made shall not'‘be smal

inal plate tapped for a wire-binding screw shall be of metal*not less than 0.
a 14 AWG or smaller wire, and not less than 0.050 inch(1.27 mm) thick fo
. There shall not be less than two full threads in~the metal, which may

brovide the threads.

tbinding screw shall thread into metal.

Ch intended for permanent connection tova grounded conductor of a powel
e terminal or lead identified for the cofinection of such conductor.

inal intended for the connectiofof the grounded power-supply conductor

nal or terminals; or properidentification of that terminal shall be clearly shown
as on an attached wiring/diagram). The surface of a lead intended for the c
er-supply conductorishall be white or grey, and shall be readily distinguish
eads.

for more than
r the purpose.

er than No. 8,

No. 6 screw may be used for a terminal to which one 14 AWG Wwire would b¢ connected.

D30 inch (0.76
a wire larger
be extruded if

-supply circuit

shall be of, or

btal that is substantially white\in color, and that terminal shall be readily distinguishable from

in some other
bnnection of a
able from the
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15 Cord-Connected Devices
15.1 Cords and plugs

15.1.1 A cord-connected switch shall be provided with a flexible cord and an attachment plug for
connection to the supply circuit.

15.1.2 The flexible cord shall be of a type rated for use at a voltage not less than the rated voltage of the
device, and shall have an ampacity as given in the National Electrical Code, ANSI/NFPA 70, not less than
the current rating of the device.

15.1.3 The ﬂeX|bIe cord is to be of Jacketed construction not Ilghter than Type SJ; except that a device

having a maxif
SP-2.

15.1.4 The fle
m).

xible cord shall have a minimum length of 18 inch (457 mm) and shall net exc

15.1.5 The aftachment plug shall comply with the Standard for AttachmentWPlugs and Rq

498. It shall b

a) Wi
to the

b) At
15.2 Polariza
15.2.1 If the {
lampholder of

connected to

15.2.2 If eithg
shall be conng

b of the type intended for use:

th a value of current equal to the rated current of theé device, or equal to the
rated current whichever is smaller, and

a voltage equal to the rated voltage of the device.

ion

upply cord of a cord-connected switch has a polarized or grounded attachmg
the screw shell type is connécted to the line voltage circuit, the screw

he grounded conductor of the-circuit.

r contact of a fuseholderis accessible while a fuse is being added or remove
bcted toward the load:

ter than Type

bed 10 ft (3.05

ceptacles, UL

value nearest

nt plug, and a
shell shall be

d, that contact
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15.3 Strain relief

15.3.1 Strain relief shall be provided so that a mechanical strain on a flexible supply cord will not be
transmitted to terminals, splices, or interior wiring, see Strain Relief Test, Section 37.

15.3.2 If a knot serves as strain relief in an attached flexible cord, any surface with which the knot may
come in contact shall be free from projections, sharp edges, burrs, fins, and the like, that may cause
abrasion of the insulation on the conductors.

15.3.3 Means shall be provided to keep the flexible cord from being pushed into the enclosure of the
device through the cord-entry hole if such displacement is likely to subject the cord to mechanical injury
or to expose the cord to a temperature higher than that for which it is rated, or if it is likely to reduce

spacings (suc

15.4 Bushing

+ ol oteos Lof ol \ ol +h BAHa e talal ]
o tu ailntudar otrainrmrrohner uialntiy ) JTTUV UTC TrmmmunT aLLTPtAavic valutc o.

o7

15.4.1 At a pgint where a flexible cord passes or is intended to pass through anlepening in

or enclosing ¢
a smoothly rd
insulating bus

15.4.2 If the
smoothly roun

hse, there shall be a bushing or the equivalent that shall be secured in place,
unded surface against which the cord may bear. If a nonjacketed cord is
hing shall be provided.

cord hole is in wood, porcelain, phenolic composition,> or other nonconducti
ded surface is considered to be the equivalent of\d bushing.

15.4.3 Ceranpic materials and some molded compositions are acceptable generally

bushings; but
acceptable.

15.4.4 A fibef
place that it w
where it will b

16 Grounding

16.1 A switch
for connection

16.2 A cord-g
incorporate arf

separate bushings of wood or so-called\hot-molded shellac and tar compo

bushing shall not be less than 3/64inch (1.2 mm) thick shall be so formed §
ill not be affected adversely by«eonditions of ordinary moisture, and shall no
b subjected to a temperature-higher than 90°C (194°F) under operating cond

intended to be pesmanently connected to the supply source shall have a tg
to the equipment-grounding conductor of the system.

onnected switch intended for use on circuits involving a potential of more th
equiptent-grounding conductor in the flexible cord and a grounding type at

16.3 The eqy

a wall, barrier,
and shall have
employed, an

ng material, a

for insulating
bitions are not

ind secured in
be employed
itions.

rminal or lead

Ln 150 V shall

chment plug.

the frame or

ipment-grounding terminal or lead-grounding point shall be connected to

enclosure by a positive means, such as by a bolted or screw connection. The grounding connection shall
penetrate nonconductive coatings, such as paint or vitreous enamel. The grounding point shall be so
located that it is unlikely that the grounding means will be removed during servicing not involving the
ground connection.
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16.4 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have a
green-colored head that is hexagonal shaped, slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be plainly identified such as by being marked "G,” "GR,"” "GND,"
"Ground,” "Grounding,” or the like, or by a marking on a wiring diagram provided on the device. The
wire-binding screw or pressure wire connector shall be so located that it is unlikely to be removed during
servicing of the unit not involving the grounding connection.

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

16.6 A terminal for connection of an eqmpment groundmg conductor shall be capable of securing a

conductor of t
Code, ANSI/N

16.7 A solde
shall not be u

FPA 70.

ng lug, a push-in (screwless) connector, or a quick-connect or similarifrictio
5ed for the grounding terminal.

jonal Electrical

n-fit connector

16.8 When piovided, the grounding conductor of the power-supply cord of\a-Cord-connectéd switch shall

be attached tq

within the conffines of the frame or enclosure by means of a screw-hot likely to be re

servicing othe|
an external pJ
or enclosure

16.9 The circ
the enclosure
except in the

17 Receptacl
17.1 A 15- ¢

grounding — ¢
shall be of thg

that will be gr
17.2 If the int
a) Nd
nonpd

the grounding blade of an attachment plug of the grounding type, and shall

I than servicing the power-supply cord. The groundifig:conductor shall be ar
Il on the power-supply cord will not transmit strain‘to the grounding connectio
efore the line-voltage connections are broken.

litry of a switch shall be arranged so that the-equipment-grounding connectior
the frame, the component mountingpanel, and the earth ground do not
nstance of an electrical fault.

bS
I 20-A general-use attachiment-plug receptacle in a switch provided with
permanently wired or, a-Cord-connected device with a grounding conductoi
grounding type. The grounding contact of the receptacle shall be connected
bunded when the/switch is in use.

pgral blades-0f ‘a plug-in switch are:

t polarized, the receptacle(s) provided as part of the plug-in switch shall be ¢
larized type,

be connected
moved during
anged so that
h on the frame

or conductor,

carry current

a means for
in the cord —
to dead metal

f the

b) Po

larized, the receptacle(s) provided shall be of the polarized type, and

c) Of the grounding type, the receptacle(s) provided shall be of the grounding type.

17.3 If the power-supply cord of a cord-connected switch has:

a) A polarized attachment plug, the receptacle(s) provided as part of the switch shall be of the
polarized type,

b) A nonpolarized attachment plug, the receptacle(s) provided shall be nonpolarized, and

c) A grounding type attachment plug, the receptacle(s) shall be of the grounding type.
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17.4 If a switch includes one or more attachment-plug receptacle(s) intended for general use, and if the
overcurrent protection of the branch circuit to which the appliance will properly be connected in
accordance with the National Electrical Code, ANSI/NFPA 70, exceeds that acceptable for the receptacle
or receptacles, each receptacle circuit shall have overcurrent protection of not more than 20 A provided
as a part of the switch.

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

shall not project less than 3/32 inch (2.4 mm) from that part of the mounting surface.

that would sto
inch (33.3 m

projections ar
electrical cont
18 Bonding 0
18.1 General

18.1.1 On a
through electr|

Exception No
like, need not

a) Lo
wiring

b) S€
parts.

Exception No
a) sn

b) Rd

) and a rectangular plug having a face of 1-1/2 by 5/8 inch (38.1 by 15:9'm
b such that the blades of the attachment plug are stopped from being ins
hct with the female contacts of the receptacle.

f Internal Parts

bwitch that is grounded, an accessory dead metal/’part that is likely to beca
cal fault shall be bonded to the point of connection of the equipment-ground

1: Metal parts, such as an adhesive-attached metal-foil marking, screws, ha
comply with this requirement provided_they are:

cated on the outside of enclosures-or cabinets and isolated from electrical cd
by grounded metal parts so thatthey are not likely to become energized or

parated from wiring and-spaced from uninsulated live parts as if they were ¢

2: Also exemptedfrom this requirement are:
pall internalassembly screws, or other small fasteners such as rivets, and

lay, contdctor magnets, and armatures.

any projection
eter of 1-5/16
M), unless the
brted to make

me energized
ng means.
ndles, and the

hmponents or

ounded

Exception No

3. A metal panel or cover employed need not comply with this requirement,

provided:

a) The panel or cover is insulated from electrical components and wiring by an insulating
barrier of vulcanized fiber, varnished cloth, phenolic composition, or other moisture-resistant
material not less than 1/32 inch (0.8 mm) thick that is secured in place, or

b) The panel or cover does not enclose uninsulated live parts, and that wiring is positively
separated from the panel or cover so that it is not likely to become energized, or

c) The panel or cover is separated from live parts and wiring by grounded or bonded
interposing metal, such that the interposing metal would be subject to the electrical fault before
the panel or cover involved.
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18.1.2 A grounded switch shall have uninsulated metal parts of cabinets, electrical enclosures and
covers, and mechanism assemblies bonded for grounding if they may be contacted by the user while
adjusting controls, including infrequent or seasonal time adjustment.

18.1.3 An integral connection for bonding internal parts to the enclosure for grounding — but not for a
field-installed grounding conductor or for the grounding wire in a supply cord — may employ a
quick-connect terminal of the dimensions shown in column 1 of Table 18.1, provided the connector is not
likely to be displaced, and provided the component is limited to use on a circuit having a branch circuit
protective device rated not higher than indicated in column 2 of Table 18.1.

Table 18.1
Dimensions of quick-connect terminals for bonding internal parts to the enclosure and
QOOUbIatUd L Ia/\;l LA LI bl al Ibh b;l bult UVvVEeTOUuUlTTlI It [JI UthtIUI 1
ominal dimensions of terminal Maximum branch-circuit overcurrentprotedtion
0.020 by 0.187 by 1/4 inch 20 amperes oriless
(0.5 by 4.8 by 6.4 mm)
0.032 by 0.187 by 1/4 inch 20 amperes~or less
(0.8 by 4.8 by 6.4 mm)
0.032 by 0.205 by 1/4 inch 20.amperes or less
(0.8 by 5.3 by 6.4 mm)
0.032 by 1/4 by 5/16 inch 20 amperes or less
(0.8 by 6.4 by 7.9 mm)

18.1.4 Uninsdlated live parts and wiring shall be kept-away from moving parts, such|as relay and
contactor magnets and armatures, by clamping, routing{er equivalent means that will provjde permanent
separation.

18.2 Constru¢tion and connection

18.2.1 The bpnding shall be by a positive means such as by clamping, riveting, boltgd or screwed
connection. The bonding connection shall effectively penetrate nonconductive coatings, sych as paint or
vitreous enaniel. See Grounding Resistance Test, Section 36.

19 Current-Carrying Parts

19.1 A current-carrying.part shall be of silver, copper, a copper alloy, stainless steel ¢r other metal
acceptable foll the payticUlar application.

19.2 Ordinary irQn' or steel, if provided with a corrosion-resistant coating, may bge used for a
current-carryipg~part if permitted in accordance with 3.1 but the use of ordinary iron or steel for
current-carrying parts elsewhere in the device is not acceptable. The foregoing does not apply to stainless
steel.

19.3 Uninsulated live parts, including terminals, shall be secured to their supporting surfaces by methods
other than friction between surfaces — a lock washer properly applied is generally acceptable— so that they
will be kept from turning or shifting in position if such motion may result in reduction of spacings to less
than those required in Table 22.1. The security of contact assemblies shall be such as to provide the
continued alignment of contacts.
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20 Internal Wiring

20.1 The insulation on wires that involve the risk of fire or electric shock shall be rated for the voltage
involved and the temperature attained under any conditions of actual use, and shall have a flame
retardant rating VW-1. The insulation on wires that do not involve a risk of fire or electric shock need not
have a flame-retardant rating if the wires are segregated (for example, by routing) from wiring involving a
risk of fire or electric shock.

20.2 Appliance wiring material of one or more of the types indicated in Table 20.1 may be used for
internal wiring when considered with respect to the requirements in 20.1.

Table 20.1
Appllal LA\v3 w3 VV;I ;I IU IIIatCI IG:
Type of insulation Minimum acceptable thickness of insulation
600-V applications 300-V applications
Thernjoplastic 0.028 inch (0.71 mm) 0.028 inch? (0.70 mm)2
Rubber 0.028 inch (0.71 mm) plus an impregnated- | 0.013 inch*(0:33 mm) plus an impregnated-
braid cover braid cover;yor 0.028 inch (0.71 mm) without
a braid cover
Nedgprene 0.041 inch (1.04 mm) 0.043 inch (0.33 mm) plus an impregnated-
braid cover, or 0.028 inch (0.71 mm) without
a braid cover
Silicong rubber 0.028 inch (0.71 mm) plus an impregnated>*
braid cover
0.028 inch (0.71 mm) without a braidcover® [0.013 inch (0.33 mm) plus an impregnated-
braid cover, or 0.028 inch (0.71 mm) without
a braid cover?

@ May be 0.01j3 inch (0.33 mm) provided such leads makeino more than casual contact with parts of opposite| polarity and
with grounded| parts.
b Only if routefl away from live parts of opposite palarity and protected from mechanical damage both during ipstallation of
field wiring anfl while in operation, unless materia‘has adequate resistance to mechanical damage.

20.3 Appliange wiring material having lesser thicknesses of insulation than those indicated in Table 20.1
may be used for a particular~application, provided the insulation when considered wjth respect to
temperature gnd voltage and coridition of service, is equivalent to one of those given in Tgble 20.1.

20.4 The intefnal wiringjand connections between parts of a clock-operated switch shall be protected or
enclosed.

20.5 With rgfererice to exposure of internal wiring through an opening in the enclosure of a
clock-operated—switci,the—protectiomof the—wirmgTequired—by 204 s Ttonsidered—to—exist if, when
considered as though it were a film-coated wire, the wiring would be acceptable according to 6.1.6.
Internal wiring not so protected may be accepted if it is so secured within the enclosure that it is unlikely
to be subjected to stress or mechanical damage.

20.6 Wireways shall be smooth and entirely free from sharp edges, burrs, fins, moving parts, and the like
that may cause abrasion of the insulation on conductors.
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20.7 A hole in a sheet-metal wall through which insulated wire pass and on the edges of which they may
bear, shall be provided with a smoothly rounded bushing or shall have a smooth, well-rounded surface
upon which the wires may bear, to reduce the risk of abrasion of the insulation.

20.8 A bare conductor, including pigtails and coil leads, shall be so supported that the spacings required
in Table 22.1 will be maintained unless covered by insulating sleeving or tubing.

20.9 Where failure of electrical connections will involve a risk of fire or electric shock, they shall be
soldered, welded, or otherwise securely connected. A soldered joint shall be mechanically secure before
soldering.

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

a) Atlleast one full wrap around a terminal.
b) Atfleast one right angle bend when passed through an eyelet or opening.
c) Twisted with other conductors.
20.11 A spliceé shall be provided with insulation equivalent to that of thé wires involved.
21 Coil Windings
21.1 Coil winglings of motors, relays, transformers, and the like; shall be such as to resist the absorption

of moisture. This may be accomplished by impregnating, dipping, or brushing with varnis
equivalent means.

h, or by other

21.2 With ref
to resist the

materials are
Humidity Test

rence to the requirements in 21.1, film-coated wire is not required to be addifionally treated
bsorption of moisture, but fiber liners, coarse coil wrap, and similar moistlure-absorptive
to be provided with impregnatidn or otherwise treated to resist moisture alpsorption. See
Section 40.

22 Spacings

22.1 Alive sd
loosen and sh

a) Co
them

(27°F
(149°

rew head or nut onthe underside of an insulating base shall be secured so th
all be insulated or spaced from the mounting surface. This may be accompli

untersinkiig such parts not less than 1/8 inch (3.2 mm) in the clear and ther
vith a“waterproof, insulating sealing compound that does not melt at a tempg
higher than its normal operating temperature in the device, and not less th3
F)ND any case, or

at they will not
shed by:

covering
brature 15°C
n 65°C

b) Securing such parts and insulating them from the mounting surface by means of a barrier or
the equivalent, or by means of through-air or over-surface spacings as required in Table 22.1.

22.2 The inherent spacings of a component supplied as part of a switch, such as a snap switch,
lampholder, motor, or clock motor are judged under the requirements for that component. The spacings
from such a component to another component and to the enclosure, and the spacings at wiring terminals
are given in Table 22.1.
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Table 22.1
Minimum spacings in inches (mm)

Potential involved in Spacing Minimum rating of
volts 600 V Unlimited volt-amperes A 600 V (See 22.6 and 300 V 2000
22.7) B VAC
51 — 150 151 — 300 | 301 -600 | 51— 300 301 - 600 | 51 - 300

Between any u

different potent

ninsulated | Through air or | 1/82 (3.2) 1/4 (6.4) 3/8 (9.5) | 1/162 (1.6)? | 3/162 (4.8)2 | 1/162 (1.6)2
live part and; (1) oil
uninsulated live parts at

ials (2)

uninsulated grounded Over Surface 1/4 (6.4) 3/8 (9.5) 1/2 (12.7) | 1/82 (3.2)2 3/8 (9.5)
dead metal parts other

1/168.C
(1.6)ac

than the enclo
exposed dead
Between any y
live part and th
a metal enclos
including fitting
conduit or arm

ure, or(s)
Imetal parts
ninsulated | Shortest 1/2 (12.7) 1/2 (12.7) 1/2 (12.7) 1/4 (6.4) 1/2 (2.7
e walls of | distance
ire,

5 for

bred cable?

1/4 (6.4)

2 The spacing
between a wiri
grounding of s
b For the purpg
deformation of
¢ For a device
production diel

20-percent voltage applied if the test time is 1 second instead of 1 minute.

between wiring terminals at different potentials and between a wiring terminals”at different poten
g termianl and a grounded or an exposed dead metal part shall be not’less than 1/4 inch if sh
ch terminals may result form projecting strands of wire.

se of this requirement, a metal piece attached to the enclosure iS*considered ot be a part of thq

with a 1/16 inch over-surface spacing, all electrical parts of\the device are required to be subjeq
bctric voltage-withstand tests. The applied test potential shall be specified in 32.1 — 32.6, with a

the enclosure is likely to reduce the spacings between the metal piece and uninsulated live parf.

tials and
rt-circuiting or

enclosure if

ted to regular
hd additional

22.3 The spal
rating) conng
accommodate
would be reqy

22.4 The spa
be required if
enough to wa

22.5 In a circ

cted to the terminal as in actual'Service. The connected wire — if the
it properly or the device is not marked to restrict its use — is to be the next Iz
ired.

Cings in switches shall not be less than those indicated in Table 22.1. Greater
the enclosure, because of its size, shape, or the material used, is not considg
rant the minimum_spacings.

it involving a petential of not more than 50 V:

a) Th
shall

E insulatien and clearances between the low-potential circuit and any high-p

cing at a field-wiring terminal is to be_measured using wire of the appropriate size (for the

terminal will
rger size than

spacings may
red to be rigid

btential circuit

e inaccordance with the requirements that are applicable to the high-potential circuit,

b) Sj

c) At

r‘ingc are not anprifipd far Inw-\/nltagp circuits (QPP 2 "-\) and

other parts:

1) Spacings at field-wiring terminals shall be not less than 1/8 inch (3.2 m
air and 1/4 inch (6.4 mm) over surface.

2) Spacings elsewhere shall be not less than 1/16 inch (1.6 mm) through
surface.

m) through

air or over


https://ulnorm.com/api/?name=UL 917 2016.pdf

34 CLOCK-OPERATED SWITCHES - UL 917 NOVEMBER 10, 2006

22.6 The spacings indicated in column B of Table 22.1 are applicable also to horsepower-rated
controllers, 1 hp or less, having supplementary current ratings — other than for control circuits — of not
more than 15 A at 51 — 150 V, 10 A at 151 — 300 V, or 5 A at 301 — 600 V.

22.7 With regard to 22.6, the spacings applicable to a device of the type described apply also to that
device when controlling more than one load provided the total load connected to the line at one time does
not exceed 2 hp or have a current rating greater than 30 A at 51 — 150 V, 20 A at 151 — 300 V, or 10 A
at 301 — 600 V.

22.8 An insulating barrier or liner used as the sole separation between uninsulated live parts and dead
metal parts, including the enclosure, or between uninsulated live parts where there is a difference in
potential shall be of material of a type that is acceptable for the mounting of unmsulated live parts and not

(O 7 oo\ il

less than 0.0p8—

1/32-inch (0.8}

Exception: I
used as the s
to a grounded

22.9 An insul
through air sh
shall not be Iq

acceptable fof

investigation,

Exception: A
air may be leq
barrier or ling
acceptable m
secured in pla
service.

22.10 Insulati

L + Ot [N ball Al
FO TG (V. T LTI Uimein, ULNCTwiot A vAarticT oAt o uotTu 1 \JUIIJUII\.’LIUI

mm) air spacing.

) a permanently connected switch, fiber not less than 0.028 inch (0.7& mm
ple separation between the enclosure and an uninsulated metal part electric
circuit conductor.

All not be less than 0.028 inch (0.71 mm) thick. If the barrier or liner is of fiber
ss than 1/32 inch (0.8 mm). If the barrier or liner is™of other material of a ty

the support of uninsulated live parts, the air Space provided shall be s
t is found to be acceptable for the particular application.

barrier or liner that is used in addition to notess than one-half the required sf
i is of material of a type that is aceeptable for the mounting of uninsulateq

bchanical strength if exposed or etherwise likely to be subjected to mecha
hce, and so located that it willxiot be affected adversely by operation of the

ng material having a thiekness less than that indicated in 22.8 and 22.9 m

upon investigation, it is found to b&.acceptable for the particular application.

22.11 Film-c

ated wire is ‘considered to be the same as an uninsulated live part i

compliance of|a device withthe spacing requirements in Table 22.1.

22.12 Spacings on printed wiring boards may be less than indicated in 22.5 or in Table 22
acceptable copformal coating or encapsulation is used.

with at least

thick may be
blly connected

hting barrier or liner that is used in addition to an air space.in place of the required spacing

the air space
pe that is not
ich that upon

bacing through

s than 0.028 inch (0.71 mm) but not less ‘than 0.013 inch (0.33 mm) thick provided that the

I live parts, of
hical damage,
equipment in

Ay be used if,

h determining

1 provided an

22.13 The type and thickness of crossover-lead insulation and insulation under coil terminals secured to
the coil winding may be less than that specified in 22.8 — 22.10, provided that for thicknesses less than
0.013 inch (0.33 mm), the coil is capable of withstanding a dielectric voltage-withstand test between
coil-end leads after breaking the inner coil lead where it enters the layer. The application of the test
potential is to be in accordance with 32.1 — 32.4.
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23 Field-Wiring Space

23.1 The space within the enclosure of a permanently connected switch shall provide ampl
distribution of wires and cables required for the proper wiring of the device.

PERFORMANCE

24 General

e room for the

24.1 A switch shall be subjected to the tests described in Sections 24 — 41. The order of tests, in as far

as applicable, shall be: Leakage Current, Temperature, Overload, Endurance, a
Voltage-Withstand.

nd Dielectric

24.2 An alter|
frequency of 6
concerned.

hating-current device having no frequency rating is to be tested on a\Ci
0 Hz, except that a circuit having a lower frequency may be employed.if'agre

24.3 In a sing
single-throw g

le-pole, double-throw switch, each position of the switch is to be tested as
witch.

lecting test potentials, devices with marked ratings in/the-ranges of 110 — 1}
550 — 600 V are considered to be rated 120, 240{480, and 600 V, respec

25.1 The lealage current (see 2.3) of a cerd-connected and a plug-in switch rated for a
supply when tested in accordance with-25:2 — 25.6 shall not be more than 0.5 mA.

25.2 All accessible conductive surfaces are to be tested for leakage currents. The leakage
these surface$ are to be measured to the grounded supply conductor individually as well
where simultgneously accessible, and from one surface to another where simultaneoug
Parts are to be considered.exposed surfaces unless guarded by an enclosure considered
protection agginst a risk¢of electric shock as determined in 6.1.2 — 6.1.5. Surfaces are co
simultaneously accessible when they can be readily contacted by one or both hands of a
same time. These measurements do not apply to terminals operating at low voltage (42.4

cuit having a
eable to those

a single-pole,

b0, 220 — 240,
ively.

ating, or both,
n tested for
S not exceed
s greater.

hominal 120-V

currents from
as collectively
ly accessible.
acceptable for
hsidered to be
person at the
V peak or 30

V rms).

25.3 If a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using a metal foil with an area of 10 by 20 cm in contact with the
surface. Where the surface is less than 10 by 20 cm, the metal foil is to be the same size as the surface.
The metal foil is not to remain in place long enough to affect the temperature of the device.
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25.4 The measurement circuit for leakage current is to be as shown in Figure 25.1. The measurement
instrument is defined in items a) — d). The meter which is actually used for a measurement need only
indicate the same numerical value for a particular measurement as would the defined instrument. The
meter used need not have all the attributes of the defined instrument.

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

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite
waveform of voltage across the resistor or current through the resistor.

c) Over a frequency range of 0-100 kHz the measurement cwcunry is to have a frequency
he impedance
of a 1p00-ohm resistor shunted by a O 15 uF capacnor to 1500 ohms. At an indication of 0.5
mA, the measurement is to have an error or not more than 5 percent.

d) Unlless the meter is being used to measure leakage from one part of.a*device o another,
the meter is to be connected between the accessible parts and the graunded supgly conductor.

Figure 25.1
Leakage-current measurement<ireuit
METER
DEVICE
A
]
O
| N —
._(
GH
(GROUNDING) & \’
OPEN INSULATING
£ TABLE
81119 GROUNDED SUPPLY CONDUETOR B

25.5 A switch is to be tested for leakage current in the as-received condition — that is, without prior
energization except as may occur as part of the production-line testing. If the device is provided with a
grounding pin or conductor, the grounding conductor is to be disconnected at the supply source
attachment-plug receptacle (see Figure 25.1). The supply voltage is to be adjusted to 120 V. The test
sequence, with reference to the measuring circuit, Figure 25.1, is to be as follows:
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a) With switch S1 open, the device is to be connected to the measuring circuit. Leakage
current is to be measured using both positions of switch S2, and with the device switching
contacts in all their normal operating positions.

b) Switch S1 is then to be closed energizing the device and within a period of 5 seconds, the
leakage current is to be measured using both positions of switch S2, and with the device
switching contacts in all their normal operating positions.

c) The leakage current is to be monitored until thermal stabilization. Both positions of switch S2
are to be used in determining this measurement. Thermal stabilization is considered to be
obtained by operation as in the normal temperature test.

25.6 Typically
as covered b
leakage curre

26 Temperatdire Test

26.1 When te
at any point h
nor show tem

Table 26.1
Maximum temperature rises

A ICPICQCII:G:;VC dUV;bC VV;” bC ball;Cd thluuyh thU \,umplctc :CGII\GUU CuUurTci
25.5 without interruption for other tests. With the concurrence of those(s
Nt tests may be interrupted for the purpose of conducting other nondestructiv

sted under the conditions described in 26.2 — 26.13, a switch\shall not attain
gh enough to constitute a risk of fire or to damage any materials employed
berature rises at specific points greater than those indicated in Table 26.1.

t test program
oncerned, the
e tests.

a temperature
in the device,

Materials and component parts, Degrees | Pegrees
C F
1. Krife-switch blades and contact jaws 30 54
2. Fuses 65 117
3. Anly point within a terminal box or wiring*¢ompartment of a permanently connected 35 63
clqck-operated switch in which field installed conductors are to be connected,
ingluding such conductors themselves; unless the clock-operated switch is marked
in frccordance with 43.7 @
4. Class 90 insulation systems®
Thermocouple method 50 90
Resistance-method 60 108
5. Vdrnished-cloth inSulation 60 108
6. Sdlid and builtéUp contacts, buses and connecting straps® 65 117
7. Filber emplayed ‘as electrical insulation 65 117
8. Wpod or'gther combustible material 65 117
9. Clss ‘Avifisulation systems on coil windings of d-c and universal motors:P
AT OPETT TTTUtOTS.
Thermocouple method 65 117
Resistance method 75 135
B. In totally enclosed motors:
Thermocouple method 70 126
Resistance method 80 144
10. Class A insulation systems on coil windings of a-c motors:P
A. In open motors (thermocouple or resistance method) 75 135
B. In totally enclosed motors (thermocouple or resistance method) 80 144
11. Class 105 insulation systems on windings of relays, solenoids, magnets, and the
like:P
Thermocouple method 65 117

Table 26.1 Continued on Next Page
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Table 26.1 Continued

Materials and component parts Degrees | Degrees
C F
Resistance method 75 135
12.  Class B insulation systems on coil windings of d-c and universal motors:?
A. In open motors:
Thermocouple method 85 153
Resistance method 95 171
B. In totally enclosed motors:
Thermocouple method 90 162
Resistance method 100 180
13.  ClassBimSutaton SySemnTs oM Cott Wintings of a=C TTotors:?
A. In open motors (thermocouple or resistance method) 95 171
B. In totally enclosed motors (thermocouple or resistance method) 100 180
14. ClI 1sbs 130 insulation systems on windings of relays, solenoids, magnets, and the
like:
Thermocouple method 85 153
Resistance method 95 171
15.  PHenolic composition employed as electrical insulation or as a part whose'failtre 125 225
wquld result in a risk of fire or electric shock?
16.  Alfrubber or thermoplastic insulation wires and cords except those-mgntioned in 35 63
itefn 159
17.  Types RFH-1, RFH-2, FFH-1, FFH-2 50 90
18.  Sdaling compounds 40°C(1049F) less
than the melting point
19. C4gpacitors 25°C(77°F) |ess than
the marked limit

a This ternperature limit is concerned with wire insulatiori which may contact these points.
b See 26|11.

¢ Contacts of silver or a silver alloy in a device which is designated to function where a high ambient ten|perature
prevails gre acceptable without any special(@additional tests if they do not attain a temperature higher thap 100°C
(212°F) when the device is tested at thé ambient temperature in question. If the contacts attain a temperpture
higher than 100°C (212°F) but not higher'than 150°C (302°F), they are required to be capable of withstahding
with accgptable results overload and endurance tests conducted at the high ambient temperature in quegtion. A
temperatfire attained on contacts,in excess of 150°C (302°F) is not acceptable.
d The limjtation on phenolic(composition and on rubber and thermoplastic insulation does not apply to compounds
which haye been investigated and recognized as having special heat-resistant properties.

26.2 A switch that does' not have a quick-make-and-break-mechanism or if the blade or|blades of the
switch can be|left in-6ther than a full off or full contact position shall comply with the requifement in 26.1
with the mechanisnt in any on position in which it can be left.

26.3 A switch incorporating a volt-ampere rating shall be capable of carrying continuously a current of 10
A without showing temperature rises greater than those indicated in Table 26.1.

Exception: A switch marked with a minimum as well as a maximum voltage rating along with a
volt-ampere rating, or the equivalent, may be tested at its maximum current value.
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26.4 At a point on the surface of a coil where the temperature is affected by an external source of heat,
the temperature rise measured by means of a thermocouple may be 15°C (27°F) more than the maximum
indicated in items 9 and 12 of Table 26.1, and 5°C (9°F) more than the maximum indicated in items 10
and 13 of Table 26.1, provided the temperature rise of the coil, as measured by the resistance method,
is not more than specified in Table 26.1.

26.5 All values for temperature rises given in Table 26.1 apply to devices intended for use with ambient
temperatures normally prevailing in the occupiable spaces, which usually are not higher than 25°C (77°F)
but may be as high as 40°C (104°F) occasionally and for brief periods. Tests of devices for service with
such ambient temperatures may be conducted, without correction, with any ambient temperature in the
range of 10 — 40°C (50 — 104°F).

26.6 If a switg

25°C (77°F), t
temperature r
higher ambier

26.7 The tem
than 2°C (3.6

26.8 A low-pd
coils. Unless
part may affeq

ne test of the device is to be made with such higher ambient temperature,,ang
ses specified in Table 26.1 are to be reduced by the amount of the djfferenc
t temperature and 25°C (77°F).

perature of the ambient air during the tests described in 26.5 and’ 26.6, is ng
F).

tential source of supply may be utilized for conducting,temperature tests on p
therwise noted, the tests on all parts are to be madée simultaneously, as the
t the heating of another part. A switch without anoverall enclosure is to be

the allowable
e between the

t to vary more

arts other than
heating of one
tested with an

nominal size and of nonmetallic material to répresent possible conditions|of use within

b

enclosure of
another devic

r or aluminum
ined with the

26.9 The resistance method consists of the determination of the temperature of a coppe
winding by cpmparing the resistance of the winding at the temperature to be determ
resistance at & known temperature, according to-the formula:

t =

=~|>0

(k +4y) - (k + ty)

in which:

tis th

P temperature rise,

R is the resistance of the winding at the end of the test,

r is the resistance of the winding (winding at t;) at the beginning of the ftest,
t; is the room temperature °C at the beginning of the test,

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

k is 234.5 for copper, 225.0 for electrical conductor grade (EC) aluminum. Values of the
constant for other grades must be determined.
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26.10 As it is generally necessary to de-energize the winding before measuring R, the value of R 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.

26.11 Except at coils, temperature readings are to be obtained by means of thermocouples consisting of
wires not larger than 24 AWG, and a temperature is considered to be constant when three successive
readings, taken at intervals of 10 percent of the previously elapsed duration of the test, but not less than
5-minute intervals, indicate no change. The primary (preferred) method of measuring temperatures on
coils is the thermocouple method; but temperature measurements by either the thermocouple or
resistance method are acceptable, except that the thermocouple method is not to be employed for a
temperature measurement at any pornt where supplementary heat msuIatlon is emponed When
thermocouples g of electrical
devices, it is Nstantan wires
and a potenti enever referee
temperature

andard practice to employ thermocouples consrstrng of 30 AWG iron and €0
pmeter-type of indicating instrument; and such equipment is to be usedywhe
easurements by thermocouples are necessary.

other than a
agnet wire, or
itself. For the

26.12 For thg thermocouple-measured temperature of a coil an alternating-current motof
universal motgr (items 10 and 13 in Table 26.1), the thermocouple is to be“applied to the n
it is to be separated from that wire by no more than the insulation *on”the conductor

thermocouple
described abq
conductor itse

thermocouple$

26.13 To detd
carry its maxi
wiring terming
attached lead
than 12 inch
insulation, rate
for test currer
temperature t

measured temperature of a coil of any other motor, the thermocouple is to 4
ve, or it may be separated from the conductor hyyno more than the ins
If and the normal coil wrap. Ordinarily, temperatures are to be measured

D.

mum rated current continuously until constant temperatures are attained orj
Is, or on wire leads used instead.of>Wwiring terminals. Unless the switch is
5, connections to the switch are to-be made with fixture or building wire in g
(300 mm) and having 30 mils.'(0.76 mm) or greater average thickness of

ts of 0 — 6, 6.1 — 10, 10::= 15, 15.1 — 20, 20.1 — 30, 30.1- 45, and 45.
pst may be conducted.at-any convenient voltage, using either alternating or

d 60°C (140°F). The size of the wire is to be 18, 16, 14, 12, 10, 8, and 6 AWG,
1 - 60 A. The

e mounted as
Llation on the
by means of

brmine whether a switch complies with thesfequirements in 26.1 and 26.2, the switch is to

the plates of
provided with
ngths not less
thermoplastic
respectively,

direct current.
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27 Overload Test

27.1 A switch shall perform acceptably when subjected to an overload test consisting of making and
breaking, for 50 cycles of operation, a test current at the test voltage and the rate indicated in Table 27.1.
The device shall be electrically and mechanically operable at the conclusion of the test, at which time the
switch shall be capable of performing its intended function and shall show no wear, loosening of parts, or
defects of any other description that will diminish appreciably the usefulness of the device. The fuse
described in 27.11 shall not operate to open the circuit.

Table 27.1
Values of voltage and current for overload tests

Device rated In Test voltage Test current Power factor Clcles per
minute ©
Amperes, AC Rated Voltage See 24.4 | 1.5 times rated current 0.75 — 0.802 6
Amperes, DC Rated Voltage See 24.4 | 1.5 times rated current b 6
Horsepower, AC Rated Voltage See 24.4 | Six times the full load current 0.40 «0.50 6
indicated in Table 27.2
Horsepower, OC Rated Voltage See 24.4 | Ten times the full load current b 6
indicated in Table 27.2
Amperes, Full-joad Rated Voltage See 24.4 | AC — Rated locked rotor DC 0.40-0.50hb 66
and locked-rotgr motor — Rated locked rotor
current
Amperes (Tungsten) Rated Voltage See 24.4 | AC — 1.5 times rated current 0.75-0.80 6
Amperes (Tungsten) Rated Voltage See 24.4 | DC — 1.5 times rated ‘eurrent b 6
Amperes (Induftive) Rated Voltage See 24.4 | AC — Three timesZ¢urrent 0.40 — 0.50 6
Volt-Amperes 110 percent of Rated See 27.3 See 27.3 6
Voltage See 24.4
2 |f the device |s marked for a resistive load only in accordance with 43.2, the test is to be conducted using a flesistive load
having a powef factor of 0.95 — 1.0.
b Resistive loagl having a power factor of 0.95 — 1:0.
¢ The test cyclg is to be 1 second on and 9 seeonds off, if the nature of the device permits the test to be so mpde. Other test
cycle rates may be used if agreeable to all congerned.

27.2 One cyde of operation is considered to include all the switching activity involved in g start to finish
operation of a|controlled equipment, for example, the fill to spin interval associated with a clpthes washing
machine.

27.3 The load for pilat-duty rating shall consist of an electromagnet representative of the magnet-coil load
that the device is intended to control. The current at rated voltage may be calculated from the voltage and

volt-ampere rating ef the device. For an alternating-current device, the power factor shall notf be more than
035 and the nrifceh ctiernnt chall hn tan timnc tha naronAl ~Arierant Tha tnct chAall ha ~anA Cted Wlth the

T OoT T COTr T Tt STt T tC T Tt e ot e oo SOt ot i te ot o o~ Ut

armature, if any, of the load free to move, that is, not blocked in either the open or closed position. The
switch shall be electrically and mechanically operable at the conclusion of the test, at which time the
device shall be capable of performing its intended function and shall show no wear, loosening of parts, or
defects of any other description that will diminish appreciably the usefulness of the device. The fuse
described in 27.11 shall not operate to open the circuit.
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27.4 Tables 27.2 and 27.3 give full-load currents corresponding to motor horsepower ratings, and are to

be used in determining load current for the various tests specified for horsepower-rated equipment.

Table 27.2

Full-load motor-running currents in amperes corresponding to various a-c horsepower ratings
Horse- 110 - 120 V 220 — 240 V& 440 — 480 V 550 — 600 V
power Single Two Three | Single Two Three | Single Two Three | Single Two Three

phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase | phase
1/10 3.0 - - 15 - - - - - - - -
1/8 3.8 - - 1.9 - - - - - - - -
1/6 4 = = 22 = = = = = = - -
1/4 58 - - 2.9 - - - - - - - -
1/3 p - 3.6 - - - - - - - -
1/2 9B 4.0 4.0 4.9 2.0 2.0 25 1.0 1.0 2.0 D.8 0.8
3/4 138 4.8 5.6 6.9 2.4 2.8 35 1.2 14 2.8 1.0 11
1 160 6.4 7.2 8.0 3.2 3.6 4.0 1.6 1.8 3.2 1.3 14
1-1/2 200 9.0 104 10.0 4.5 5.2 5.0 2.3 2.6 4.0 1.8 2.1
2 240 11.8 13.6 12.0 5.9 6.8 6.0 3.0 3.4 4.8 P.4 2.7
3 340 16.6 19.2 17.0 8.3 9.6 8.5 4,2 4.8 6.8 B.3 3.9
5 56.0 26.4 30.4 28.0 13.2 15.2 14.0 66 7.6 11.2 b.3 6.1
7-1/2 80.0 38.0 44.0 40.0 19.0 22.0 21.0 9.0 11.0 16.0 B.0 9.0
10 100.0 48.0 56.0 50.0 24.0 28.0 260 12.0 14.0 20.0 10.0 11.0
15 13%.0 72.0 84.0 68.0 36.0 42.0 34:0 18.0 21.0 27.0 14.0 17.0
20 94.0 108.0 88.0 47.0 54.0 44.0 23.0 27.0 35.0 19.0 22.0
25 118.0 136.0 110.0 59.0 68,0 55.0 29.0 34.0 44.0 24.0 27.0
30 138.0 160.0 136.0 69.0 86.0 68.0 35.0 40.0 54.0 28.0 32.0
@ To obtain fullfload currents for 208-V motors, increase corresponding 220 — 240 V ratings by 10 percent for gingle-phase
motors and by [6 percent for 3-phase motors.

Table 27.3
Full-load mator-running currents in amperes corresponding to various d-c horsepower ratings
Horsepower 110 - 120 V 220 — 240 V 550 — 600 V
10 2.0 1.0 -
8 2.2 1.1 -
W6 2.4 1.2 -
W4 2.9 15 -
W3 3.6 1.8 -
12 5.2 2.6 .
3/4 7.4 3.7 1.6
1 9.4 47 2.0
1-1/2 13.2 6.6 2.7
2 17 8.5 3.6
3 25 12.2 5.2
5 40.0 20.0 8.3
7-1/2 58.0 29.0 12.0
10 76.0 38.0 16.0
15 112.0 55.0 23.0
20 148.0 72.0 31.0
25 184.0 89.0 38.0

Table 27.3 Continued on Next Page
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Table 27.3 Continued

Horsepower

110 - 120 V 220 — 240 V 550 —

600 V

30

220.0 106.0 46

.0

27.5 A switch that has been found to be acceptable for controlling an alternating-current motor is
acceptable for alternating-current pilot duty without further overload or endurance tests provided that:

a) During the overload test, the contacts were caused to make and break, for 50 cycles of
operation at a rate of 6 cycles per minute, a current having a value as indicated in the third

colum

n of Table 27.1 at a power factor of 0.5 or less; and

b) Th
rated
horse

27.6 If an ampere-rated device has the same ampere rating at more than_one'voltage

highest voltag
greater ampe
and lowest vo

27.7 If a hor{
cover the con

27.8 All curre
of the supply
voltage, excd
current-carryin
flowing is with

27.9 A two-p
four-pole devi
nearest metal

between the poles with the smallest spacing, to cover use on two-phase interconnected

43.6.

27.10 A deviq
See 43.6.

27.11 In the

piIU[-(JU[y MTOSIT CUTTENt at the same voltage S TTOCTTTOTE UTaim 67 percerit
ocked-rotor motor current of the device, or the locked-rotor current correspo
bower rating depending on the basis on which the device is rated.

e is considered to be representative of tests at the lower voltages; but, if thg
e rating at the lower voltage than at the higher ones, tests are to be made
tages.

itions of maximum voltage, power, and current,

nt-interrupting tests are to be made at the voltage indicated in 24.4. The open
circuit is to be not less than 100 percent(nor more than 105 percent of the
pt that a higher voltage may be employed if agreeable to those co
g capacity of the supply circuit is to-b& such that the closed-circuit voltage wit
in 2-1/2 percent of the specified test voltage.

ble or four-pole device shallvbe tested on a single-phase or direct-currer

that may be grounded.in'service. If the pole spacing varies, an additional test

e other than-one described in 27.9 shall be tested in a circuit simulating int

pverload and endurance tests a fuse shall be connected between the encld

either the
hding to the

a test at the
device has a
at the highest

epower-rated device has more than one voltage rating, the overload test ¢r tests are to

circuit voltage
specified test
ncerned. The
N rated current

t circuit. In a

Ce intended to control a twe*phase circuit, adjacent poles shall be used, one pole being that

shall be made
systems. See

bnded service.

sure and one

supply termir

alto indicate arc-over to the enclosure. The fuse is to be a 30 A n

onrenewable,

nontime-delay Class H fuse complying with the Standard for Low-Voltage Fuses — Part 6: Class H
Non-Renewable Fuses, UL 248-6 having a voltage rating not less than the rating of the device being

tested.

27.12 The supply terminal mentioned in 27.11 is to be the least likely to be involved in arc-over. The fuse
mentioned in 27.11 is not to operate to open the circuit.
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28 Endurance Test

28.1 The conditions for the endurance test shall be the same as the conditions for the overload test as
indicated in 27.2 and 27.6 — 27.12.

28.2 A switch shall perform successfully when:
a) Operated manually, or
b) Operated by means of an appropriate machine, or

c) Allowed to operate automatically as in intended service for the number of cycles and at the

servicg, the rate is to be adjusted accordingly.
Table 28.1
Values of voltage and current for endurance tests
Device rgted in Test potential Test current Power factor ~ Number Cycles
of cycles per
minute

Amperes, AC, DC | Rated Voltage See 24.4 | AC — rated 0.75 - 0.80 6000 62

DC - rated b 6000 62
Horsepowgr, AC Rated Voltage See 24.4 | AC — full-load current 0.75-0.80 6000 62

indicated in Table 2722
Horsepower, DC 0.5 times Rated DC - full-load eCrrent b 6000 62

Voltage See 24.4 indicated in_Table 27.3

Full-load afd Rated Voltage See 24.4 | AC — rated, full-load current 0.75-0.80 6000 62
locked-roto
amperes

DC™ rated full-load current b 6000 62
Amperes Rated Voltage See 24:4PAC — rated current e 6000 1°
(Tungsten)

DC - rated current e 6000 1°
Amperes (Ihductive) | Rated Voltage-See 24.4 | Two times rated current 0.75-0.80 6000 62
Volt-Amperes Pilot | Rated Voltage See 24.4 | See 28.4 See 28.4 6000 See 28.4
Duty
Electronic pallast RatedhVoltage See 24.4 | Rated current per Table N/A 6000 6
LED driver$ and 29A.1
similar loads with
capacitive lpad
characterisfics
Self-ballastedtED—Rated-VottageSee 244 f f 60060 6
and CFL

2 The test cycle is to be 1 second on and 9 seconds off, if the nature of device permits the test to be so made.
b Noninductive resistive load.
¢ The test cycle is to be as indicated in 27.2.

d|f the device is marked for a resistive load only in accordance with 43.2 the test may be conducted using a
noninductive load.

€ The load shall consist of tungsten filament lamps or a load having equivalent characteristics. See 29.1 — 29.5.

f The load shall consist of self-ballasted LED or CFL lamps sized in accordance with the rating of the clock-operated
switch.
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28.3 Unless the switching components of a switch have been found to comply with the performance
requirements in the Standard for Switches for Appliances — Part 1: General Requirements, UL 61058-1,
the device shall be caused to make and break its rated current at the voltage indicated in 24.4. The device
shall be electrically and mechanically operable at the conclusion of the test, at which time the switch shall
be capable of performing its intended function and shall show no wear, loosening of parts, or defects of
any other description that will diminish appreciably the usefulness of the device. The fuse described in
27.11 shall not operate to open the circuit.
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28.4 A switch intended for pilot duty shall perform acceptably when operated for the number of cycles
indicated in Table 28.1, making and breaking a circuit of rated frequency, at the voltage indicated in 24.4
and at the rate of operation indicated in 28.5. The load shall consist of an electromagnet representative
of the magnet-coil load that the device is intended to control. The normal current, which is the test current,
is to be determined from the voltage and volt-ampere rating of the device. For an alternating-current
device, the power factor shall not be more than 0.35 and the inrush current shall be ten times the normal
current. The test shall be conducted with the armature of the load, if any, free to move, that is, not blocked
in either the opened or closed position. The device shall be electrically and mechanically operable at the
conclusion of the test, at which time the switch shall be capable of performing its intended function and
shall show no wear, loosening of parts, or defects of any other description that will diminish appreciably
the usefulness of the switch.

ation, the rate of

tion for the test mentioned in 28.4 shall be as follows:

a) Fof a device intended to be operated manually, the first 1000 cycles shall’be af the rate of 1
per second — except that the first 10 or 12 operations shall be made as rapigly as

closed for approximately 1 second of each cycle.

b) Wiere there is no provision for manual operation, the entire-humber of cycles shall be at the
rate of 6 cycles per minute, with the device closed for appreximately 1 second eadh cycle.

29 Tungsten-Filament-Lamp Load Test

29.1 A swit¢ch with a tungsten lamp rating of not“more than 60 A is to be tgsted with a
ent-lamp load so adjusted that the current flow is the rated current of the switch. The test
circuit shall hgve such ampere capacity as to provide a current inrush through the switch gnd load of not
less than ten fimes the rated current when the circuit is closed on a load equal to the switch|rating, but not
less than 20 A, and the circuit shall be suchxthat the peak value of inrush current will be feached within
1/240 of a seqond after the circuit is closed;

29.2 A synthgtic load and a combination synthetic and tungsten-filament lamp load for testing on
alternating cufrent shall be investigatéd as described in 29.3 and 29.10, and also with respect to special
conditions which are introduced by use on alternating current.

29.3 The accgptability ofsa\test circuit, including the generator or other source of supply, for testing with
tungsten-filament lamps4ds-to be determined by means of oscillograph studies. With referernce to a 60 Hz
timing wave, the peak-values of inrush current as shown by oscillograms are to be reached within 1/4
cycle.

29.4 A tungsten-filament-lamp load and the supply circuit need not provide the inrush current required for
a 20 A load if when tested for a lower current rating the available inrush current is adequate for the lower
rating and testing is limited to the lower rating as a maximum.

29.5 The characteristics of a direct-current test circuit are to be determined from a number of
oscillograms, 12 or more, and testing equipment is acceptable if not less than half the oscillograms show
the minimum acceptable or a greater current-inrush factor.
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29.6 The characteristics of an alternating-current test circuit are also to be determined from a number of
oscillograms, 12 or more. Those that indicate that the current is decreasing (that the part of the sine wave
in question is approaching the zero point) should be disregarded. Twelve or more oscillograms taken at
other points on the sine wave should show whether the capacity of the test circuit is such as to produce
the minimum acceptable current-inrush factor based on observed peak values.

29.7 The acceptability of a test circuit (including the generator or other source of supply) for testing with
a synthetic load is to be determined in a manner similar to that described in 29.6.

29.8 If tungsten-filament lamps are used as the load for a switch intended for use with such lamps, the
load is to be made up of the smallest possible humber of lamps having standard ratings. In determining
the smallest number of lamps necessary, the maximum lamp size required to be used is 500 W. Larger

Lot

or at least 55

lamps may b
seconds of eg

29.9 If the sw

be used for th
also.

29.10 A synth

resistors if they are so connected and controlled that a portion of the-resistance is shun

closing of the
load may alsq
load is to be d
load consistin
synthetic load

29.11 If a syn
to be equivalg
to be checked
or use.

29.12 The ch
29.1. In additi
is not to be le
steady-state ¢
is to be the fu

29.13 If tests
frequency of t

af A H a T ' 1 H + L Lt +h 1 ££
UOoTU T UTOITTU. TTIT UPTTAllTy LyLIT 1o U UT ouLiT tiat it iariyo arc Uil

ch test cycle.

itch has other ratings as well as the tungsten rating, a separate representati

e device may

b Tungsten-Filament-Lamp Load Endurance Test if it has been subjected to an overload test

etic load may be used instead of tungsten-filament lamps<and may consist g

Switch under test or if a portion of the load is cut out/prior to opening the swit
consist of a noninductive resistor or resistors andwa capacitor in parallel, in v
alibrated immediately after the capacitor has been charged and discharged.
j of tungsten-filament lamps and resistors, or ré&sistors and capacitor, is to bg

thetic load is used instead of tungsten-filament lamps, it is to be calibrated
nt to a tungsten-filament-lamp loaéhin the test circuit. The calibration of a sy

f noninductive
led during the
h. A synthetic
vhich case the
A combination
considered a

pgainst and is
nthetic load is

at intervals to determine that nene of the constants of the circuit or load change with time

hracteristics of a synthetie’load are to be such that the inrush current will be
bNn, the current in the\capacitor/resistance load or the combination load ment
Ss than one-half(ofythe required inrush current at 1/60 second and not less
urrent at 7/120'second after the circuit is closed; and the current in a straight r
I inrush valuefor a minimum of 15 milliseconds after the switch is closed.

are made with alternating current, the circuit frequency shall be the samg
he switch, except as noted in 29.14, or, if no frequency is indicated, 60 Hz alte

hs specified in
oned in 29.10
than twice the
esistance load

as the rated
nating current

shall be used

,‘except that in either case a lower frequency may be employed if agree

able to those

concerned.

29.14 A switch rated 50 Hz may, if agreeable to those concerned, be tested on a 60 Hz circuit except
that the current used for the overload and endurance test shall be 120 percent of the current that would
have been used had this switch been tested on a 50 Hz circuit.
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29A Electronic Ballast, CFLs and LED Driver Rated Controls

29A.1 A device having electronic ballast LED driver load rating shall be tested for Endurance using the
load characteristics specified in Tables 28.1 and 29A.1. A device having self-ballasted LED or CFL load
rating shall be tested for Endurance using the actual self-ballasted LED/CFL lamps as the load. As a result
of the testing, there shall be no electrical or mechanical breakdown of the device, nor undue burning,
pitting, or welding of the contacts.

Table 29A.1

Peak current requirements for endurance test

1 — The values
2 — Pulse widthd
with the Standal
Lamp Ballasts L|

sed to calculate 1%t are the peak current shown and-péfse duration of 2 mS (t).

shown will provide adequate performance with electronic ballasts having pulse widths up to 2
d for Lamp Ballasts — High Frequency Fluores¢ent Lamp Ballasts , ANSI_ANSLG C82.11, or th
bw-Frequency Square Wave Electronic Ballasts — for Metal Halide Lamps, ANSI_ANSLG C82.1,

Steady state Peak current | Pulse width 120 | 12t (A2 sec) 120 | Peak current | Pulse width 277 | 12t (A2 sec) 277
current (A) ), 20V AC [V AC (MS) SEE [ VAC. SEE NOE [ (A, 277 VAC [V AC(MS)—See | V AC. See Note
Note 2 1 Note 2 1

0.5 75 0.34 11 77 0.07 11

1 107 0.48 24 131 0.71 27

2 144 0.70 41 205 0:85 76

3 166 0.89 51 258 0.98 111

5 192 1.20 74 320 1.20 205

8 221 1.25 98 370 1.25 274

10 230 1.50 106 430 1.50 370

12 235 1.80 110 240 1.80 387

15 239 2.00 114 458 2.00 420

16 242 2.10 117 480 2.10 461

NOTES

Ins, in accordance
P Standard for
.

29A.2 The sy
endurance teg

29A.3 The s¢
currents listed
and shall be
current and p

nthetic load described in 29A3 and 29A.4 shall be used as the load fo
t shall be completed with that load.

Fies coil values must.be.adjusted based on the input line characteristics to ac
in Table 29A.1. The\series coil shall be sized such that it does not saturate
ble to handle the-resulting power dissipation with less than 10°C temperat
Ise width are.illustrated in Figure 29A.2.

I testing. The

hieve the peak

during testing

ure rise. Peak
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IR

Figure 29A.1
Typical test circuit diagram

D/m
-

AC R1

D1 D2
S2

D4\/\/&/D3
[] C 7 R2
S5303 ®
Reference Description
AC Test voltage is either 277 VAC or 120 VAC
S1 Device Under Test
L Series Inductor, its value of inductance (L) and|resistance
(R) are selected. When combined with the AC line source
impedance it provides the specified Reference Waveforms
R1 AC synthetic load resistor, value to provide desired
continuous current. (e.g., 5A, 8A, [mldr ] 6A)
D1 - D4 Bridge rectifier
C Capacitor load bank, design value to provide 125 pF for
each continuous amp of load current at a test voltage of
277 VAC, and 175 pF for each continuous amp of load
current at a test voltage of 120 VAC.
S2 Capacitor discharge switch
R2 Bleeder resistor, value to provide appropriate capacitor load
bank discharge rate
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29A.4 The cincuit shall provide a method to discharge the capacitor bank in between test

influencing thg
S2 should be

during the perfiod that S1 is open.

30 Test Cond

30.1 A switch
tests.

30.2 The reqlirement jm30.1 does not apply to a regular manufacturing practice of lubric

as they are ag

Figure 29A.2
Waveform per synthetic measurement of pulse width and peak current
! !
le— Pulse Width —!
Peak Current
(Ipk)
A
m
P
I
I
t
u
d
[
10% of Ipk
i

55304 Time (milliseconds)

performance of the device under test. This is accomplished by S2 and R2 in
switched alternately with S1 andsR2 should be sized to allow for complete ¢

itions

shall not be adjustegd, lubricated, or otherwise conditioned either before or du

sembled:

30.3 During

conditions of &

he overIoad and aII endurance tests, the switch shall be so mounted 4

cycles without

Figure 29A.1.

ischarge of C

ring any of the

pting switches

nd wired that

indicated load

and to a supply circuit, the voltage of WhICh is within 5 percent of the rated voltage of the device. The
capacity of the test circuit shall be such that the potential across the load, measured at or adjacent to the
switch, will have the required value when the switch under test is closed in the circuit with the required
test current flowing. See 27.11 and 27.12.
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30.4 With reference to the requirement in 30.3, it is impractical to describe the details of connections that
must be made to obtain operating conditions identical with those in actual service because of the different
arrangements of terminals of devices of various switches. In any case, however, the connections to the
device in the test circuit are to be such that the load controlled will have the same position, relative to the
device and the supply, that it will have in actual service.

30.5 As arule, the device is to be connected in the test circuit between the supply and the load.
31 Rain Test

31.1 To determine compliance with the requirements in 7.1, the enclosure shall be subjected to the Rain
Test described in 31.2. There shaII be no S|gn|f|cant accumulauon of water within the enclosure and no
water shall e water may enter
above live parts if the deV|ce is so constructed that no water is V|S|ble on the live parts, insulating material,
or operating mechanism parts, and no water has entered any space above the_live ‘parts within the
enclosure in which wiring may be present under any proper installation conditions.

31.2 The deylice is to be set up as in a normal installation with conduit cannections + without pipe
compound — |f so in tended. The tightening torque for rigid conduit thréaded into the gpening in the
enclosure is t¢ be 800 Ibf-in (90 N-m) for 3/4 inch and smaller trade sizes, 1000 Ibf-in (181 N-m) for 2 inch
and larger trafle sizes. The device is to be positioned in the focal area“of the three spray|heads so that
the greatest gpantity of water is likely to enter the device. The waterpressure is to be maintained at 5 psig
(34 kPa) at edch spray head. The device is to be exposed to théwater spray for 1 hour. Figures 31.1 and
31.2 indicate the nozzle construction and spray head piping.
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Figure 31.1
Rain-Test spray head

ASSEMBLY 2

=)

F ¥
38-1/2°~_ =B ~C— 1/2 TAPERED PIPE
\A AN HREAD -

N 1 1
MEX-/.I——A——I

H (ORILL 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

fn—

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 31.2
Rain-Test spray head piping
PLAN VIEW
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\

SEE DETAIL |
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\
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1
1

1

1
1
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bSEMBLY

¥

2

i~

RT101E

11 I
\ \ !‘ D
— CONTROL VALVE FOR ‘%
EACH SPRAY HEAD \\
N\,
SIDE VIEW. N
FOCAL POINT —\
[tem inch mm
A 28 710
B 55 1400
C 2—1 /4 55
D 9 230
E 3 75
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32 Dielectric Voltage-Withstand Test

32.1 A switch shall withstand for a period of 1 minute the application of a 60 Hz sinusoidal potential of
twice maximum rated voltage plus 1000 V:

a) Between uninsulated live parts and dead metal and parts conductively connected to
accessible dead metal with the contacts open and closed,

b) Between terminals where there is a difference in potential with the contacts closed, and

c) Between uninsulated live parts of different potentials.

32.2 A transf

s where there

is a difference
b) of 32.1.

32.3 If a barr
withstanding 4
the exposed @

32.4 To dete
means of a 5
The applied p
at that level fg
as rapid as is
an alternating

+ H=W~H Ho | Al H Il tad bat L
PITTICT, A TITULUT WITTUTTTY, UT oAl Ut viLT TTiUTTiAaily CUTTTTCULITU T LvWwe T it

in potential is to be disconnected from one side of the line during the test de

er or liner is employed to insulate an exposed metal part, the device shall
Dielectric Voltage-Withstand Test, as indicated in 32.1, between uninsulated
ead metal part. See also 22.8.

mine that a switch complies with the requirements in 32.1, the switch is tg
0-VA or larger capacity transformer whose output voltage is sinusoidal and

ptential is to be increased from zero until the requited test level is reached, an
r 1 minute. The increase in the applied potentiaiis to be at a substantially un

current source with a peak value equal te~the direct current value may be u

a direct current circuit, if agreeable to those concerned.

32.5 A500-V
a voltmeter to

32.6 Printed-
by applicatior]
disconnected,
representativg
may be indivi

A\ or larger-capacity transformer need not be used in tests, if the transformer is
measure directly the applied output potential.

viring assemblies and otherelectronic circuit components that would be affe

of the test potential, or”that would short-circuit the test potential are to
or otherwise renderéd inoperative before the dielectric voltage-withstand test
subassembly may)be tested instead of an entire unit. Rectifier diodes in the
dually shunted before the test is made to avoid destroying them in the c

elsewhere in the secondary. circuits.

scribed in item

be capable of
live parts and

be tested by
can be varied.
d is to be held
iform rate and

consistent with its value being correctly indicated by a voltmeter. A direct cufrent source or

sed for testing

provided with

cted adversely
be removed,
s are made. A
power supply
ase of a fault
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33 Impact Test

33.1 The 5 ft-Ibf (6.8 J) impact applied to a part of an enclosure as required in 6.2.2, is to be obtained
from a solid, smooth, steel sphere 2 inch (50.8 mm) in diameter and weighing 1.18 Ib (0.535 kg). The
sphere is allowed to fall freely from rest through the distance required to cause it to strike the top of the
enclosure with the specified impact. For surfaces other than the top of the enclosure the sphere is to be
suspended by a cord and allowed to fall as a pendulum through the distance required to strike the surface
with the specified impact. The enclosure is placed so that the surface tested is vertical and in the same
vertical plane as the point of support of the pendulum. Parts of the enclosure that may interfere with the

cord of the pe

ndulum are to be removed.

34 Metallic Coating Thickness Test

34.1 The metLod of determining the thickness of zinc or cadmium coating mentioned in@.

in 34.2 — 34.9

34.2 The soly
reagent gradg

latter is equivglent to 27 ml/l of reagent grade concentrated sulfuric acid, . specific gravity 1.

96 percent of

34.3 The test
equipped with
5.5 inch (140
about 0.05 ml
the funnel thrg
the rate of drg
of the glass tU

34.4 The rep
acquire the te
a room tempe

34.5 Eachre
other nonme
thoroughly rin
the cleaned s

34.6 The rep
the orifice, so

tion to be used for the test is to be made from distilled water and is to con
chromic acid, CrO3; and 50 g/L of reagent grade concentrated-sulfuric acig

H,S0,.

solution is to be contained in a glass vessel such as a separatory funnel
a stopcock and a capillary tube having a 0.025 ineh (0.64 mm) inside bore 3
Imm). The lower end of the capillary tube is tapered to form a tip, the drops f
each. To preserve an effectively constant level; a small glass tube is inserte
ugh a rubber stopper and its position is te"be adjusted so that, when the sto
pping is 100 +5 drops per minute. If desired, an additional stopcock may be
be to control the rate of dropping.

esentative device and the test'solution should be kept in the test room Ig
mperature of the room, whichishould be noted and recorded. The test is to be
rature of 70 — 90°F (21 ~'32°C).

resentative device,is\to'be thoroughly cleaned before testing. All grease, lacq

llic coatings arejto be removed completely using solvents. Devices a
bed in water and dried with clean cheesecloth. Care should be exercised to a
irface with the-hands or any foreign material.

esentative device to be tested is to be supported from 0.7 to 1 inch (18 to
that the drops of solution strike the point to be tested and run off quickly. The

4 is described

tain 200 g/l of
i, H,SO,. The
84, containing

ith the outlet
nd a length of
rom which are
d in the top of
pcock is open,
used in place

ng enough to
e conducted at

uer, paint, and
e then to be
oid contact of

P5 mm) below
surface to be

tested should

be_inclined about 45 degrees from horizontal.

34.7 The stopcock is to be opened and the time in seconds is to be measured with a stop watch until the
dropping solution dissolves the protective metal coating, exposing the base metal. The end point is the
first appearance of the base metal recognizable by the change in color at that point.
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