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INTRODUCTION

1 Scope

1.1

National Electrical Code.

These requirements cover fused power-circuit devices to be employed in accordance with the

1.2 Fused power-circuit devices, as covered by these requirements, are considered to be either bolted
pressure contact switches or high-pressure butt-type contact switches.

1.3 Bolted-pressure contact switches are devices in which the blade-jaw connections have an additional

pressure or C

amping action provided at both ends of the switch blades when the blades

are in the fully

closed positio

1.4 High-prg
mechanism.

1.5 These
Standard for
voltage AC in
Circuit Breake

1.6 Fusedp
tripping mean|

n.

ssure butt-type contact switches are devices having butt-type contacts and a s

equirements do not apply to low-voltage AC power circuit “protectors as c
Low Voltage AC Power Circuit Protectors Used in Enclosures, ANSI/IEEE C37
fegrally fused power circuit breakers as covered by the’ Standard for Low-Volt
rs Used in Enclosures, ANSI/IEEE C37.13.

ower-circuit devices may be manually or electrically operated and may incorp
S.

1.7 An electrically tripped device is one whose closing is performed manually or electric3

opening is pe

1.8 A devic

formed by a release energized by a:séparate source of voltage.

e with an electrical operator isvone whose contact closing and opening is

electrical medns.

1.9 Fusedp
of 600 V or |
available sho
intended for
150,000, or 2

1.10 Fused

ower-circuit devices have continuous current ratings of more than 600 A and

pss AC, DC, or both: Devices rated AC are intended for use on circuits ha
t-circuit currents 0f100,000, 150,000, or 200,000 A (rms symmetrical). Device
se on circuits\having maximum available short-circuit currents of 20,000, 50
D0,000 A DC:

power-circuit devices have provisions for mounting (or are intended to

upstream) CIg

pring-charged

bvered by the
.29, or to low-
hge AC Power

brate electrical

lly but contact

performed by

oltage ratings
ing maximum
5 rated DC are
000, 100,000,

be used with

ss b fuses or Class T fuses rated more than 600 A.

1.1

These requirements cover complete, enclosed fused power-circuit devices in which the switch is

integral with the enclosure; open-type fused power-circuit devices intended for mounting in other
equipment, such as switchboards or in a separately shipped enclosure; and enclosures intended for
mounting open-type fused power-circuit devices.

1.12 These requirements also cover electrically tripped and/or operated devices that have been
investigated to determine their acceptability for ground-fault protection when combined with ground-fault
sensing and relaying equipment as follows:

a) Switches for use with Class | ground-fault sensing and relaying equipment including those
devices that are capable of interrupting 12 times their rated current or that have integral means
intended to prevent disconnecting at levels of fault current exceeding the contact interrupting
capability of the switch.


https://ulnorm.com/api/?name=UL 977 2020.pdf

6 UL 977 OCTOBER 26, 2020

b) Switches for use with Class Il ground-fault sensing and relaying equipment are capable of
interrupting at 10 times their rated current and are for use in ground-fault protection systems where
means intended to prevent disconnecting levels at fault current exceeding the contact interrupting
capabilities of the switch are incorporated within the ground-fault sensing and relaying equipment.

1.13 A product that contains features, characteristics, components, materials, or systems new or
different from those covered by the requirements in this standard, and that involves a risk of fire, electric
shock, or injury to persons shall be evaluated using the appropriate additional component and end-product
requirements to determine that the level of safety as originally anticipated by the intent of this standard is
maintained. A product whose features, characteristics, components, materials, or systems conflict with
specific requirements or provisions of this standard shall not be judged to comply with this standard.
Where appropriate, revision of requirements shall be proposed and adopted in conformance with the
methods emplpyed Tor development, revision, and implementation of this standard.

2 Componefts
2.1 A comppnent of a product covered by this standard shall comply withCthe requirements for that
component. See Appendix A for a list of standards covering components generally used ir} the products

covered by this standard.

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

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

b) Is syperseded by a requirement in this standard,
3 Units of measurement

3.1 If avalug for measurement is followed bya value in other units, the use or recognition ¢f either value
can be expectgd to provide equivalent results in the application of such requirements.

4 Referenceds

4.1 Any undated reference toa code or standard appearing in the requirements of this stapdard shall be
interpreted as [referring to the latest edition of that code or standard.

CONSTRUCTJON

5 General

5.1 A fused power-circuit device shall employ materials throughout that are acceptable for the particular
application, and shall be made and finished with the degree of uniformity and grade of workmanship
practicable in a well-equipped factory.

5.2 The construction of a fused power-circuit device shall be such as to provide ample strength and
rigidity.
5.3 All parts of a fused power-circuit device shall be properly assembled in place when shipped from the

factory, except as noted in 5.4, 5.6, 5.7, 5.8, and 5.9.

5.4 If a fused power-circuit device is acceptable for use without a neutral assembly as well as with such
assembly, the neutral assembly need not be shipped from the factory with the switching unit provided that:
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a) The neutral assembly is shipped from the factory completely assembled with the necessary

barrier:

b) The

s and all other accessories that are required for its installation and use; and

neutral assembly and switch are marked in accordance with 50.12.

5.5 With reference to 5.4, hardware for mounting the neutral assembly must be furnished with that

assembly but

need not be assembled in place.

5.6 External operating handles need not be assembled in place but in place of such assembly, they are
to be packaged and shipped with the switching unit.

5.7 When a fused power-circuit device without enclosure is shipped for assembly in a switchboard or

similar equipr]
conditions arg

a) All poles of the load fuse terminal assembly are secured to a common base‘that ¢

as asi
b) Ass
c) The
d) Bar

e) The

5.8 If the pr|
an insulating
insulating bar|

5.9 |If a fus
assembly neq

a) The
b) Eag

c) Inst
provid

nent, the load fuse terminal assembly need not be mounted in place when-a
met:

ngle unit by a simple assembly operation;

embly instructions and markings are provided;

construction is such that alignment of fuse mounts will be‘assured;

iers or stops intended to prevent over-sized fusingdwill’continue to be effective

load fuse terminal assembly is packaged and¢shipped with the switching unit.

bper operation or installation of an open type fused power-circuit device is de
barrier, liner, shield or similar member being mounted on the device or €
fier shall be provided with the device'and a marking as specified in 50.29 shall

ed power-circuit device is intended for use with or without an accessory
d not be shipped from thefactory with the fused power-circuit device provided

fused power-circuit device is acceptable for use with or without the accessory.
h accessory is aceeptable for the intended use.

allation instructions for the proper installation operation, and necessary ag
bd:

1)With the accessory;

| the following

an be installed

and

pendent upon
Isewhere, the
be provided.

assembly, the
that:

justments are

2) With the fused power-circuit device; or

3) The accessory is marked with reference to a specific installation instruction drawing

unless the construction makes the installation obvious. If a filing, drilli
operation is involved the instructions include a caution statement, that such
be accomplished only in the prescribed area.

ng, or cutting
operation is to

d) The installation of an accessory shall not require the use of a special tool, unless such a tool and
instructions for its use are furnished with each accessory.

e) A barrier that is necessary because spacing would otherwise be less than required, or for any
other reason, is securely attached at the factory to either the fused power-circuit device or to the
accessory to be installed.

f) The accessory is an essentially complete unit and does not require detailed assembily in the field.
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g) The accessory is provided with a marking in accordance with 50.30.

h) The fused power-circuit device is provided with a marking in accordance with 50.30.
6 Enclosure
6.1

General

6.1.1 An enclosure for a switch shall be of metal and shall be constructed so as to provide the required
strength and rigidity. The enclosure shall have one or more of the type designations specified in Table 6.1.

6.1.2 An enclosure is not required for a switching unit that is intended for installation in a switchboard or

other enclosur
6.1.3 Live pg
6.1.4 Anenc

6.1.5 Unless|
protected by p|

6.2 Rainpro

6.21 A Typ

e.

osure shall be provided with means for reliable mounting or suppert.

the enclosure is of metal that will resist corrosion, both inside and outside sur|
pinting, galvanizing, plating, or other equivalent means:

bf enclosures

b 3R enclosure shall be constructed so that it withstands a simulated be

rts shall be enclosed whether the switching unit is in the open or closed position.

=]

faces shall be

ating rain as

described in the Water Spray Test, Section 29. Any opéening associated with an opening handle shall be

shielded from
in such combi
part shall be |

rain. Hinges and other attachments shall be resistant to corrosion. Metals shg
hations as to result in galvanic action<that affects adversely any part of the de
pcated at least 12 inches (305 mm) above the mounting surface on concrete

Il not be used
vice. Any live
pad-mounted

equipment. Sge 50.28.

Table 6.1
Enclosure types

Environmental construction and performance
Type numbgr Intended use and description requirements
1 Indoor use primarily to provide a degree of Corrosion protection as specified i 6.1.5, or the
protection against contact with the enclosed Rust Resistance Test described in the Standard
equipment. for Enclosures for Electrical Equipment, Non-
Environmental Considerations, UL [50.
2 Indoor use to provide a degree of protection Corrosion protection as specified in 6.1.5, or the
against limited amounts of falling water and dirt. Rust Resistance Test described in UL 50, and the
Drip Test described in UL 50.
3R Outdoor use to provide a degree of protection Protective coating as specified in 6.2.3 — 6.2.6, the
against falling rain, sleet, and external ice Water Spray Test described in Section 29, and the
formation. Icing Test described in the Standard for
Enclosures for Electrical Equipment, Non-
Environmental Considerations, UL 50.

6.2.2 A hole for conduit in a Type 3R enclosure shall be threaded unless it is entirely located below the
lowest terminal lug or other live part within the enclosure or unless it accommodates a specific hub or
closure fitting (see 50.27 and 50.28). A threaded hole for conduit shall be reinforced to provide metal at
least 1/4 inch (6.4 mm) thick. There shall be provision for drainage of the enclosure. A threaded hole for
conduit shall be provided with a conduit end stop unless the thread is tapered.
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6.2.3 A Type 3R sheet steel enclosure shall be protected against corrosion by one of the following
coatings:

a) Hot-dipped, mill-galvanized sheet steel conforming with the coating Designation G90 in Table |
of ASTM Designation A653/A653M-94, with not less than 40 percent of the zinc on any side, based
on the minimum single spot test requirement in this ASTM Designation. The weight of the zinc
coating is permitted to be determined by any appropriate method; however, in case of question the
weight of coating shall be established in accordance with the test method of ASTM Designation
A90.

b) A zinc coating, other than that provided on hot-dipped, mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00061 inch (0.015 mm) on each surface with a
ini ' i i ' established by
the metallic coating thickness test as indicated in the Metallic Coating Thickness (Test, Section 41.

An annealed coating shall comply with 6.2.4.

c) Az
epoxy
accep
corros

nc coating conforming with (1) or (2) below and with one coat of'an organ
or alkyd-resin type or other outdoor paint applied after forming on each
ability of the paint is permitted to be determined by consideration of its con
on tests when these are determined to be required.

1) Hot-dipped, mill-galvanized sheet steel conforming with the coating Desigd
AB0 in Table | of ASTM Designation A653/A653M394, with no less than 40
zinc on any side, based on the minimum single spot test requirement
Designation. The weight of zinc coating is permitted to be determined by a
method; however, in case of question the weight of coating shall be
accordance with the test method of ASTM.designation A90.

2) A zinc coating, other than that(provided on hot-dipped, mill-galvanize
uniformly applied to an average thickness of not less than 0.00041 inch (0.01
surface with a minimum thickness of 0.00034 inch (0.009 mm). The thicknesg
shall be established by the metallic coating thickness test as indicated i
Coating Thickness Test;Section 41. An annealed coating shall also comply w|

d)Ac
of co
Coati

hdmium coating not.less than 0.0010 inch (0.025 mm) thick on both surfaces.
ing shall be established by the metallic coating thickness test as indicated
Thickness Test) Section 41.

e) A cadmium coating not less than 0.00075 inch (0.019 mm) thick on both surfaces
of outdoor paint/on both surfaces, or not less than 0.00051 inch (0.013 mm) thick on
with tWo coats of outdoor paint on both surfaces. The thickness of the cadmium c¢ating shall be
established by the metallic coating thickness test as indicated in the Metallic Coa

c finish of the
surface. The
position or by

nation G60 or
percent of the
in this ASTM
Ny appropriate
pstablished in

1 sheet steel,
) mm) on each
of the coating
n the Metallic
th 6.2.4.

The thickness
in the Metallic

with one coat
both surfaces

ing Thickness

Test, Section 4T, and the paint shall be as specified in (C).

f) Other finishes, including paints, special metal finishes, or combinations of the two are permitted
to be accepted when comparative tests with galvanized sheet steel (without annealing, wiping, or
other surface treatment) conforming with item (a), indicate they provide equivalent protection.
Among the factors which are taken into consideration when determining the acceptability of such
coating systems are exposure to salt spray, moist carbon dioxide-sulphur dioxide-air mixtures,
moist hydrogen sulphide-air mixtures, ultraviolet light, and water.

6.2.4 An annealed coating on sheet steel that is bent or similarly formed or extruded or rolled at edge of
holes after annealing shall be additionally painted in the affected area if the process damages the zinc
coating.
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6.2.5 If flaking or cracking of the zinc coating at the outside radius of the bent or formed section is visible
at 25 power magnification, the zinc coating is considered to be damaged. Simple sheared or cut edges
and punched holes are not required to be additionally protected.

6.2.6 When a Type 3R enclosure has any opening for passage of a wire or bus bar to a switchboard
section or to a wireway, auxiliary gutter or busway, a gasket or other means shall be provided that is
intended to prevent the entrance of water at such opening. When the opening is for attachment of a
busway, the Type 3R enclosure and the busway are to be investigated together to determine that water
does not enter along the bus bars.

7 Ventilation

7.1 A ventildting opening in an enclosure shall be so constructed and located that noflgme or molten
metal will be emitted during arcing that may normally be encountered during operation. See 32.3.

7.2 Unless the opening is remote from the arcing part, the requirement in 7.1 may ‘require the interposing
of a flame-retgrdant barrier between a ventilating opening and the possible source of arcing.

7.3 A ventilating opening in an enclosure shall have such size or shape, or shall be so covered by
screening or by an expanded, perforated, or louvered metal panel that a test rod having|the diameter
specified in 7.4 will not enter the opening.

7.4 The test fod mentioned in 7.3 shall be 33/64 inch (13.1 mm) in diameter if the plane of the opening is
less than 4 inghes (102 mm) from an uninsulated live part, 0r'49/64 inch (19.4 mm) in diamefer if the plane
of the openinglis 4 inches or more from such part.

7.5 Alouver ghall not be more than 12 inches (305/mm) in length.

7.6 The sizd, shape, and location of a ventilating opening shall be such as not to unduly weaken the
overall enclostre.

7.7 The total area of enclosure material removed from a wall for the purpose of ventilation or for the
insertion of a yentilating panel or'screen together with total area of ventilating openings foymed from the
enclosure material shall not exceed 25 percent of the area of the entire surface of any wall in which such
ventilating opgnings are located.

not exceed 20D square inches (1290 cm?) if the ventilated closing panel is formed from matdrial that has a
thickness less|thanthat of the enclosure proper metal. A ventilated closing panel of 0.053 irch (1.35 mm)
or lighter steelo : an opening of
more than 80 square inches (516 cm?). See 7.9and 7.10.

7.9 The steel wires of a screen of a ventilating opening shall not be smaller than 16 AWG (1.31 mm?) if
the screen openings are 1/2 square inch (3.23 cm?) or less in area, and not smaller than 12 AWG (3.31

m?) for larger screen openings. A supplementary screen of smaller openings may be additionally
provided. The supplementary screen is not to be considered in the evaluation of the ventilating opening
screen.

7.10 Except as noted in 7.11, perforated sheet steel and sheet steel expanded mesh shall not be less
than 0.042 inch (1.07 mm) thick or 0.045 inch (1.14 mm) if zinc coated if the mesh openings or
perforations are 1/2 square inch (3.23 cm?) or less in area, and shall be not less than 0.080 inch (2.03 mm)
thick or 0.084 inch (2.13 mm) if zinc coated for larger openings.
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7.11  Where the indentation of a guard or enclosure will not alter the clearance between uninsulated live
parts and grounded metal, so as to affect performance adversely or reduce spacings below the minimum
values given in Table 20.1 and Table 20.2, 0.020 inch (0.51 mm) minimum expanded steel mesh, 0.023
inch (0.58 mm) if zinc coated, may be employed; see 7.7.

8 Sheet-Metal Enclosures

8.1 A sheet-metal enclosure shall employ metal not less than 0.108 inch (2.74 mm) thick if of uncoated
steel and not less than 0.111 inch (2.82 mm) thick if of a zinc-coated steel. A sheet aluminum enclosure
shall employ metal not less than 0.122 inch (3.10 mm) thick. The grade and thickness of aluminum
employed shall be such that the enclosure will have mechanical strength and rigidity at least that of an
enclosure formed of 0.108 inch sheet steel.

9 Doors andl Covers
9.1 Any door, front, or cover shall be provided with means for holding it securely,in.place.

9.2 A door ¢r cover intended to give access to fuses shall be hinged, sliding, or similarly attached in a
manner intendled to prevent its being removed.

9.3 The thickness of a sheet-metal door, front cover, or auxiliary door shall not be less thar] that indicated
for the enclospre.

9.4 A flat dopr or cover shall shut closely against a 1/4 inch(6.4 mm) rabbet or the equivalgnt on all sides
— except that |f a piano type hinge is used, the rabbet may-be omitted in the area of the hings.

9.5 The flanges of the flanged door or cover shall{it closely with the outside walls of the engclosure proper
and shall be not less than 1/2 inch (12.7 mm) in.déepth.

9.6 A combination of flange and rabbet is'acceptable. Typical acceptable constructions afe illustrated in
Figure 9.1.
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Figure 9.1

Flanged-door construction
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10 Hinges

10.1  Door hinges shall be of metal, of strong and durable design. A leaf of a hinge shall be securely
fastened at two or more points to the enclosure or trim and to the door or cover.

10.2 At least two hinges shall be provided for each hinged door or a continuous piano-type hinge may be
used.

10.3 Except as noted in 10.4, hinges shall be spaced not more than 30 inches (762 mm) apart. Hinges
shall be located not more than 4 inches (102 mm) from each end of a door. All hinge spacings shall be
measured from the center of hinges.

10.4 On a steel flanged type door 45 inches (1.14 m) high or less, two hinges not more than 36 inches
(914 mm) apdrt and not more than 5 inches (127 mm) from the ends of the door are acceptaple.

11 Latches

11.1 A latchl or a hand-operated captive screw shall be provided for each door, and shall be positive in
action and of|substantial design and construction; except that ordinary’screw fasteners nfay be used in
place of a latdh in the case of an enclosure that has a hinged cover, but where the contemplated use of the
device is such that hinges are not required on the cover.

11.2 A dooil more than 48 inches (1.22 m) long on theg, hinged side shall have at least|two fastening
means. Acceptable examples are a two-point or three-paint latch operated by a single knob|or handle, two
or more sprirjg latches, one knob-operated latch and one spring latch, or two or more hand operated
captive screws as a fastening means.

11.3 A sprinjg latch consisting of a strip of 'steel spot welded or riveted to the wall of an enclosure and
cooperating with a slot in the cover shalllbe so formed and attached that it will engage the edge of the
cover slot away from the wall or shall gtherwise be acceptable for the particular application.

11.4 A knob} door handle, or equivalent means shall be provided for opening a door.

11.5 With rgspect to 11.4y.a captive screw or other fastening which is readily grasped is [considered an
equivalent mgans.

12 Operating Mechanism

12.1 General

12.1.1  The construction of the operating mechanism shall be such as to provide strength and rigidity.
Screws and nuts serving to attach operating parts to crossbars or other movable members shall be staked,
upset, or otherwise locked in position to keep them from loosening under the jars of continued use.

12.1.2 Unless a switch is intended for electrical operation only, an operating handle shall be provided. An
operating handle of conducting material shall be in electrical connection with the enclosure or shall be so
constructed that when mounted in the conventional manner it will be grounded.

12.1.3 A metal rod using the wall of the box as a bearing is considered to be in electrical connection with
the enclosure.


https://ulnorm.com/api/?name=UL 977 2020.pdf

14 UL 977 OCTOBER 26, 2020

12.1.4 An electrically operated switching mechanism shall be provided with means for manually opening
without opening the enclosure. If a manual closing means is provided for normal operation, it shall be
possible to close the switching unit with all enclosure covers closed.

12.1.5 A special tool that cannot be left in place with the door closed and that is to be used for
maintenance purposes only is exempted from complying with 12.1.4.

12.1.6 An electrically operated mechanism shall be such that the operation shall be completed should
loss of power occur during any portion of the closing or opening operations where the switch blades have
started to move.

12.1.7 The operating mechanism of an electrically tripped fused power-circuit device shall be such that

at the momer
condition to of
otherwise.

12.1.8 A fug
energy from th

12.1.9 |If the
handle, there
operating meg
switching unit

12.1.10 Ifas

Exception: Do

12.1.11
open) shall bg
manner with t
position.

12.1.12 The
electrical ope

t when the switch contacts close, the operating mechanism shall immed
en the switch contacts by the electrical tripping means without further operati

ed power-circuit device having an electrical operator shall havé)means to d
e operator after the operator has performed its intended function,

open or closed condition of the switching unit is indicated by the position of
shall be definite open and closed positions for thezhandle, and the const
hanism shall be such that the handle cannot be I&ft at or near the open posi
contacts are closed. See 50.18.

witch handle is operated vertically, the "on!handle position shall be the up pos

Lible-throw switches need not complyWith this requirement.

A hgndle or other member that indicates the position of the switch blades or conta

so constructed that the daor, front, or cover cannot be secured in place in
ne handle or member indicating open while the switch blades or contacts are

mechanism of an'electrically tripped or electrically operated switch shall be so
ation will not. result in an injury to persons in the vicinity of the switch d

movement of @n externatpart such as a manual operating handle.

12.1.13 The

e shall*be provision for locking a fused power-circuit device in the open pg

ately be in a
on, manual or

isconnect the

the operating
ruction of the
tion when the

ition.

cts (closed or
the intended
in the closed

arranged that
e to sudden

sition without

opening the errclosure, and there may be a provision for locking a manual device in the close

d position.

12.1.14 Except for bearings and the like, whose protection is impractical, all metal parts unless of
corrosion-resistant material shall be galvanized, painted, or otherwise protected against corrosion.

12.1.15 Metal parts that are zinc-coated or cadmium-plated, painted, or enameled are considered to be
acceptably protected against corrosion.

12.1.16 Means shall be provided for mechanically applying contact pressure at both ends of a contacting
member when the member has reached the end of its travel in the closing direction.

12.1.17 A separate door or cover that gives access to fuses shall be interlocked with the operating
mechanism so that the door or cover is held closed when the device is in the closed position. Provision
shall be made for defeating an interlock while the device is in the closed position.
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12.1.18

If the removal of the operating handle— in the closed position — permits opening of the separate

door or cover noted in 12.1.17, such removal may be considered as being an acceptable defeating means.

12.2 Electrical operators

12.2.1

An electrical operator shall be acceptable for the particular application, and shall be capable of

handling its maximum intended load without introducing any electrical risk or risk of injury to persons.

12.2.2 A winding shall be such as to resist the absorption of moisture and shall be formed and

assembled in

12.2.3 With
treated to res
materials sho

12.2.4 Mea
manual oper
personnel.

13 Ground

13.1
intended to o
600 V phase
relaying equif
conductors of

Exception No

with ground fault protection, the ground-fault'sensors or relaying equipment or both may be

enclosure if th
in 50.34.

Exception Noj
50.35.

13.2 Compl

to which the fequirernent applies is provided with automatic tripping means for actuation

sensing and
device.

A fused power-circuit device rated 1000 A or more that is'marked for service equipm

a workmanlike manner.

st absorption of moisture, but fiber slot liners, cloth coil wrap, and similar maist
Lld be provided with impregnation or otherwise treated to resist moisture@bsor

s shall be provided that is intended to prevent the electrical operator from fun
tion if electrical operation can result in an electrical risk or‘risk of injury

Fault Protection

berate on a solidly grounded wye service of more than 150 V to ground but
-to-phase, shall be provided with ground-fault protection. The ground-faul
the faulted circuit. The maximum setting\of the ground-fault protection shall be

1. If the fused power-circuit device is provided with a shunt trip that is acce

e combination is found acceptable and the fused power-circuit device is mark

2: Ground-fault-protection need not be provided if a device is marked in ad

ance with'the requirements specified in 13.1 anticipates that the fused powe

relaying’ equipment that may, although not required, be a part of the fuseg

reference to the requirement in 12 2 2 _film-coated wire is not required to be additionally

ure-absorptive
ption.

Ctioning during
to operating

ent use, and is
not exceeding
sensing and

ment provided shall operate to cause thefused power-circuit device to open all ungrounded

1200 A.

ptable for use
in a separate
ed as covered

cordance with

-circuit device
y ground-fault
power-circuit

13.3 The short-circuit withstand rating of the ground-fault sensing and relaying equipment shall be equal
to or greater than the short-circuit withstand rating of the fused power-circuit device.

13.4 Ground-fault sensing and relaying equipment that is not a part of the fused power-circuit device
shall be mounted in the fused power-circuit device enclosure and be connected to the fused power-circuit
device and power source, if any. The rating of the control circuit shall be compatible with that of the
sensing and relaying components.

13.5 If ground-fault protection is provided, though not required by 13.1, it shall comply with the
requirements for the installation of ground-fault protection equipment as specified in these requirements.

13.6 A ground fault protection system, described as a zero-sequence type, that employs a sensing
element that encircles the neutral conductor, if any, and all ungrounded conductors of the protected circuit
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shall be installed in such a manner that the sensing element is located on the load side of any grounding or
bonding connection to the neutral. It may be on the line or load side of the fused power-circuit device for
the protected circuit.

13.7 A ground-fault protection system, described as the residual type, that combines the outputs of
separate sensing elements for the neutral, if any, and each ungrounded conductor shall be installed in
such a manner that the neutral sensing element is located on the load side of any grounding or bonding
connection to the neutral. The ungrounded conductor sensors may be on the line or load side of the fused
power-circuit device for the protected circuits.

13.8 A ground-fault protection system, described as the ground-return type, that employs a single
sensing element to detect the actual fault current shall be installed in such a manner that the sensing

element detec
any other gro
that, except fo
in 20.3.

13.9 Ifthec
required to reg
construction g
controlled by
performed.

13.10 Overc
the coil is con
covered in 13.]

13.11  The pn
load side of
connected to
power-circuit ¢
transformer of
wired to the

enclosure. A flise shall be Class €€, G, T, R or J. A fuse or circuit breaker shall have a curre

rating not less

s any current that flows in the grounding-electrode conductor, the main bondin
nding connections within the equipment that may be made to the neutral) TH
I these connections, the neutral be insulated from the noncurrent-carrying’me

tore the equipment to functional status following operation due to a ground fa
hall be such that closing and maintaining contact of the fused power-circuit
he ground-fault sensing and relaying equipment willL not occur until the ress

Lirrent protection is not required for the operating coil of a fused power-circuit
nected on the load side of the disconnecting switch of the fused power-cir
11.

mary of a ground-fault protection eontrol-circuit transformer may be connecte
wo line voltage parts, not line-and neutral. When connected to the line side
evice, overcurrent protection’ of not more than 300 percent shall be installed
control circuit or both. ‘Overcurrent protection is not required for the contro

oad side of the fused ‘power-circuit device, unless the control circuit wirir

than that of the fused power-circuit device.

13.12 Thes
conditions if t|

a) Whgn\the secondary is less than 50 V and the transformer supply is over 150 V to

condary-&ircuit of a control power transformer shall be grounded under any o
circuitextends or may extend beyond the equipment in which the transforme

g jumper, and
is will require
al as covered

bnstruction of ground-fault sensing and relaying equipment is;such that a reset operation is

ult or test, the
device to be
t operation is

device where
tuit device as

i to the line or

the fused power-circuit device{The primary of the control-circuit transfoimer shall be

e of the fused
ahead of the
| circuit when
g leaves the
nt-interrupting

f the following
r is mounted:

ground or the

transformer supply at any voltage is ungrounded.

b) When the secondary is 50 V or greater and the secondary circuit can be so grounded that the
maximum voltage to ground on the ungrounded conductors does not exceed 150 V.

13.13

If a transformer secondary is required to be grounded in accordance with 13.12, a main bonding

jumper shall be factory connected to the transformer secondary and to the enclosure or ground bus. The
size of the connection to the transformer secondary shall be not less than 14 AWG (2.1 mm?) copper or 12
AWG (3.3 mm?) aluminum or have equivalent respective cross-sectional area.

13.14 In fused power-circuit devices incorporating ground-fault protection of the ground return type as
described in 13.8, the main bonding jumper shall be factory connected to the neutral bus and to the
enclosure or the ground bus.
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13.15 Fused power-circuit devices with ground-fault protection shall be subjected to a factory production
test as described in 45.1 and 45.2 and shall be marked as specified in 50.31 — 50.33.

14 Insulating Material

14.1 A base for mounting of uninsulated live parts shall be strong, not easily ignited, moisture-resistant
and insulating. The base shall be so constructed that, considering the material used, it will withstand the
most severe conditions encountered in service.

14.2 Insulating material, including barriers between parts of opposite polarity or material which may be
subjected to the influence of the arc formed by the opening of the device, shall be acceptable for the
particular application.

14.3 Live sprew heads or nuts on the underside of a base intended for surface~mounting shall be
counter-sunk Jnot less than 1/8 inch (3.2 mm) in the clear, and then covered with a Waterprpof, insulating,
sealing comppund that will not soften at a temperature 15°C (27°F) higher than the tempergture observed
at the point where it is used, but not lower than 90°C (194°F) in any case; exeept that if fuch parts are
staked, upset, or otherwise secured in a manner intended to prevent loosening, they maly be insulated
from the mounting surface by material other than sealing compound ©r-by the provision of a spacing
through air frgm the mounting surface of not less than 1/2 inch (12.7 mm)

14.4 A lockwasher, properly applied, is acceptable as a means_ of‘preventing the loosening of a screw or
nut as required in 14.3.

14.5 A detefmination of the softening point of a sealing~compound is to be made in accorglance with the
American Sogiety for Testing and Materials Test for_Softening Point by Ring and Ball Apparatus, ASTM
E28.

15 Current{Carrying Parts
15.1 Iron orjsteel shall not be used for a-part that is depended upon to carry current continyously.
15.2 Platedqsteel screws, nutsy.and studs may be used to secure pressure wire connectorsg.

15.3 Coppefl and brass ate not acceptable for the plating of steel screws, nuts, and stud t¢rminals; but a
plating of cadnium or zinc'is acceptable.

15.4 Bolts, |washers, and nuts at hinges of switching units are considered to be parts that are not
depended upon.to carry current.

15.5 A metal other than silver, a silver alloy, copper, or a copper alloy, if used for current-carrying parts,
shall be acceptable for the particular application.

15.6 All contact joints, bolted or clamped, shall be plated with cadmium, nickel, silver, or tin if other than
of silver or silver alloy.

15.7 Uninsulated live parts, including terminations that are to be field installed, shall be so secured to the
mounting surface in a manner intended to prevent turning.

15.8 Friction between surfaces is not acceptable as a means to prevent turning of uninsulated live parts.
Turning may be prevented by the use of two screws or rivets:

a) By a connecting strap or clip fitted into an adjacent part; or
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b) By some other equivalent method.

15.9 Where parts are held together by screws, a threaded part shall have not less than two full clean-cut
conventional machine screw threads — if the screw passes entirely through the piece. If the screw does not
pass entirely through the threaded part, it shall engage full, clean-cut conventional machine screw threads
for a distance of not less than the diameter of the screw.

15.10  Aluminum conductors, insulated or uninsulated, used as internal wiring — such as for
interconnection between current-carrying parts or as motor windings — shall be terminated at each end by

a method acceptable for the combination of metals involved at the connections point.

15.11

If a wire-binding screw construction, or a pressure wire connector is used as a terminating device,

it shall be accéptable for use with aluminum under the conditions involved (for example, tem

cycling, vibrati

bn).

16 Wiring Términals

16.1
for carrying th
bus bars (se
continuous an

16.2 A presqg

Terminals shall be so designed as to accommodate either bus bars erwire connecto

b rated current of the switch. Unless the switch is specifically‘ihtended for the
b 50.6), pressure wire connectors that will accommodate wire correspd
pere rating of the switch shall be available.

ure wire connector provided with or specified for:use with a fused power-circu

comply with the requirements in the Standard for Wire Connectors, UL 486A-486B or the

Equipment Wi

16.3 The tig
device manufa
less than 90 ¢
specified in th
Terminals for |
the ampere ra

fing Terminals for Use with Aluminum andfor:€opper Conductors, UL 486E. Se

htening torque for a field-wiring terminal shall be as specified by the fused
cturer and shall be marked as required in 50.14. The specified tightening torqy
ercent and not more than 100%percent of the value employed in the static h
e Standard for Wire Connectors, UL 486A-486B or the Standard for Equi
Use with Aluminum and/er Copper Conductors, UL 486E, for that wire size cor
ing of the fused power-circuit device. See 27.1.

Exception: Tofque values may-be'less than 90 percent if the connector is investigated in ac

UL 486A-486E

16.4 The ter
not cause ove

or UL 486E,using the lesser assigned torque value.

minal connections shall be such that the connection of field-installed bus bars
heating due to inductive effects.

perature, heat

rs acceptable
connection of
nding to the

it device shall
Standard for
e 50.7.

power-circuit
e shall not be
pating test as
pment Wiring
responding to

cordance with

or cables will

16.5 A fusedpower-tircuit device that s Tmarkedfor service equipment use shatttravea terminal for a
grounded-service conductor even though it has no provision for a grounded-load conductor. If there is no

provision for a

grounded-load conductor, this terminal:

a) Shall accommodate a conductor of the same size as the main bonding jumper shown in Table

24.1;
b) Shal
c) Shal

| be bonded to the enclosure; and

| be connected to the grounding-electrode conductor terminal.

17 Control Circuit

171

Except as noted in 17.2, a control circuit for an electrical operator whose source of power is derived

from either the line or load side of the switch and connections are made within the switch shall have
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overcurrent protection having an interrupting rating not less than the maximum available fault current
rating of the switch.

17.2 A control circuit for an electrical tripping mechanism for use with ground-fault sensing and relaying
equipment that is located wholly within the switch enclosure and that derives its power from the load side
of the disconnecting switch need not have overcurrent protective devices.

17.3 A control circuit as referred to in 17.1 shall have disconnecting means that will disconnect the
control circuit from all sources of power other than a current transformer, when such disconnecting means

is in the open

18 Lockout

position.

181 An e
disconnecting
means intend
the switch int
normal rating

19 Fusing

191
which they arn
19.2 and Tabl

brrupting rating unless the switch has been shown to be capablé_of interrupti
in accordance with 36.1.

Fuse mounts shall be constructed so that reliable electrical contact with a fuse of

e designed will be provided. See Figure 19.1, and Table 19.1 for Class L, fus
b 19.2 for Class T fuses.

Exception: Fu
the requirems

se mounts for Class L fuses may havedifferent mounting holes or slots, if theé
nts in 19.2.

19.2 Fuse nounts shall be constructed sq that they cannot accept a fuse having a curren

than the ratin
shall accept C

19.3 Barrier|
not readily rer
mm) to provid

19.4 Class

a) 601

g of the device. Class L fuse;mounts shall accept Class L fuses only. Class
lass T fuses only. Class(L fuses and Class T fuses shall not be interchangeabl

5, stops, and the likesprovided to comply with 19.2 for Class L fuses are to be s
hovable. They are-to cause a displacement of an oversize fuse of not less than
e an indication that the misuse of the fuse is obvious.

fuses and fuseholders are classified at 600 V, as follows:

=800 A;

ectrically tripped bolted-pressure contact switch intended and marked for use as a
device in conjunction with Class | ground-fault sensing and relaying‘equipment shall have
ed to prevent automatic opening (lockout) if the current in any phase exceeds 850 percent of

g 12 times its

the rating for
es and Figure

by comply with

rating greater
I fuse mounts

a)
-

ubstantial and
3/4 inch (19.1

b) 801
c) 120
d) 160
e) 200

— 1200 A;
1-1600 A;
1-2000 A;

1-2500 A;

f) 2501 — 3000 A,

g) 300
h) 400
i) 5001

1-4000 A;
1-5000 A; and

— 6000 A.
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19.5 Class T fuses and fuseholders are classified as follows:
a) 601 -800 A, 300 V;
b) 601 — 800 A, 600 V; and

c) 801 —-1200 A, 300 V.

19.6 The design and construction of a fused power-circuit device shall be such that fuses will be readily
accessible, when the device is open, so that they may be replaced without a person touching any live part.
Fuses shall be installed on the load side of the switching unit.

Figure 19.1

Class L fuse mounting dimensions
1 A 1
0 T 1
<
! f
+ - B  601-800A B - +
C’
6 6 \
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2001-4000A
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4001-6000A
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.l T T I ¢
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+ +

—
—

[
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Holes: Tapped holes — 1/2 inch (12.7 mm); Clearance holes— 5/8 inch (15.8 mm) plus 1/32 (0.08), minus (2.4).
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Table 19.1
Class L fuse mounting dimension in inches
(o D¢ E® Hole locations F°
a
Car?ridge A B Hole centers Unobstruct-
size, FL.ls.e gap ed distance E4 Hole
amperes (minimum) | Bus width C, C, minimum | Minimum | maximum E, centers
601 - 800 4-1/4 2 5-3/4 - 2-1/4 5/8 3/4 - -
801 —-1200 4-1/4 2 5-3/4 9-1/4 3-3/8 5/8 3/4 1-3/4 -
1201 - 1600 4-1/4 2-3/8 5-3/4 9-1/4 3-3/8 5/8 3/4 1-3/4 -
1601 — 2000 4-1/4 2-3/4 5-3/4 9-1/4 3-3/8 5/8 3/4 1-3/4 -
2001 — 2500 4-1/4 3-1/2 5.3/4 Q-1/4 3-3/8 5/8 3/4 1-3/4 1-5/8
2501 - 3000 4-1/4 4 5-3/4 9-1/4 3-3/8 5/8 3/4 153/4 1-5/8
3001 —-4000 4-1/4 4-3/4 5-3/4 9-1/4 3-3/8 5/8 3/4 1-3/4 3-1/4
4001 - 5000 4-1/4 5-1/4 5-3/4 9-1/4 3-3/8 5/8 314 1-3/4 1-5/8
5001 — 6000 4-1/4 5-3/4 5-3/4 9-1/4 3-3/8 5/8 3/4 1-3/4 1-5/8
NOTE - All tolerpnces +1/16 inch unless otherwise indicated.
@ Maximum bus vidth B not specified but stops shall be provided to prevent over fusing. Tolerance on dimensions given: 1/16 inch
for ratings 601 1600 A; -1/8 inch for ratings 1601 — 6000 A.
® Hole or stud cdnter to center spacings +1/32 inch.
¢ Maximum cleafance D not specified but stops to prevent over-fusing of 800 A rating/required.
inches 1/32 1/16 3/32 1/8 1/2 5/8 3/4 1-3/8 1-3/4
mm 0.8 1.6 2.4 3.2 17 15.9 19.1 41.3 445
inches 2 2-1/4 2-3/8 2-3/4 3-1/4 3-3/8 3-1/2 4 4-1/4
mm 50.8 57.2 60.3 69.9 82.6 85.7 88.9 102 108
inches 4-3/4 5-1/4 5-3/4 9-1/4
mm 121 133 146 235
Figure 19.2
Class T fuse mounting dimensions
— K ————— —_— ———————
- —5-
— S

SB1245
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Class T mounting dimensions

Table 19.2

Dimensions
H K

Maximum End-of-terminal
Center-to-center Minimum clearance to center of stud
of studs of Size of stud or obstructed between end or threaded hole

Rating of fuse, threaded holes,? threaded hole,” clearance, stops,” — maximum,

am-

volts peres | inches (mm) inch (mm) inches (mMm) | inches  (mm) inch (mm)
300 80 2.219 53.36 1/2 12.70 3.415 86.74 3.940 100.08 0.650 16.51
120p 2.531 64.29 9/16 14.29 4.040 102.62 - - 0.f10 18.03
600 80 3.172 80.57 1/2 12.70 4.368 110.96 - - 0.630 16.00

@ Tolerance is 0.015 inch (0.38 mm) for rigid studs or threaded holes.

b End stops that prevent insertion of larger case size fuse in a smaller fuseholder are required if captive stud floats [n fuseholder or
if stud or threadgd hole dimension | is 1/16 inch (1.59 mm) smaller size than that specified.

20 Spacings

20.1

Exceptlas noted in 20.5, the spacings in a fused power-circuit device shall be as indicated in Table

20.1 and Tablg 20.2. Grounded dead metal in Table 20.1 and. Table 20.2 includes the enclogure and dead

metal which miay be in electrical connection with the enclosure.

Table 20.1
Power circuit spacings
Minimum spacing
Between uninsulated live parts and any grounded

Voltage Between uninsulated live parts‘of opposite polarity dead metal

bet;”::" Over surface, Through air, Over surface, Through air,
in'\)lolved inches (mm) inch (mm) inch (mm) inch (mm)

0-240 1-1/4 31:8 3/4 19.1 12 12.7 12.7
241-600 2 50.8 1 25.4 1 254 12.7

20.2 Spacings between live parts of a neutral assembly and opposite polarity parts are to be based upon

the maximum

oltage of the device

20.3 Terminals and other live parts intended to be connected to the grounded conductor of a circuit are
considered to be uninsulated live parts unless such parts are mounted directly on or in permanent
electrical connection with the enclosure and the device is marked in accordance with 50.21.

204

If the connection mentioned in 20.3 is solely by means of a strap, or other bonding device that can

be readily removed and is not depended upon to perform a mechanical function, the device shall:

a) Comply with the requirement in 20.1 when the bonding device is removed; or

b) Be marked as described in 50.20.
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Table 20.2
Control circuit spacings

Minimum spacing

Between uninsulated live parts
and the walls of a metal
enclosure, including fittings for
conduit or armored cable

Between uninsulated live parts of opposite polarity and between an
uninsulated live part and an exposed or uninsulated dead metal
part other than the enclosure

Voltage Over surface, Through air, Shortest distance,
between parts
involved inch (mm) inch (mm) inch (mm)
120 or less 1/4 6.4 1/82 3.2 1/2 12.7
121 =240 3/8 9.5 1/4 6.4 1/2 12.7
241 -600 1/2 12.7 3/8 9.5 1/2 12.7

@ The spacing between wiring terminals of opposite polarity shall not be less than 1/4 inch (6.4 mm) in any gase,if fhe terminals are
in the same plafe. A metal piece attached to the enclosure shall be considered to be a part of the enclosure.for th¢ purpose of this
note if deformafjon of the enclosure is likely to reduce the spacing between the metal piece and a livepart:

20.5 The spacings given in Table 20.1 are not required to be maintained between switch blades and the
enclosure coyer when the switch is in the off position and the blades are dead, but such spacing is to be
not less than /8 inch (3.2 mm).

20.6 Allinsylating barriers or liners shall be of a material acceptable for the mounting of upinsulated live
parts.

20.7 An ingulating barrier or liner used as the sole~Separation between uninsulated live parts and
grounded dedd metal parts, including the enclosure, or between uninsulated live parts of opposite polarity,
shall not be lgss than 0.028 inch (0.71 mm) thick.

20.8 Excepflas noted in 20.9, an insulating barrier or liner that is used in addition to an air $pace shall not
be less than (.028 inch (0.71 mm) thick.

20.9 A barrier or liner that is used-in addition to not less than one-half the required spacing through air
may be less than 0.028 inch (0.73\mm) but not less than 0.013 inch (0.33 mm) thick provided that it is of
adequate meghanical strength_if exposed or otherwise likely to be subjected to mechapical damage,
reliably held ip place, and so‘lecated that it will not be affected adversely by operation of th¢ equipment in
service.

20.10 Insulating ‘material having a thickness less than that indicated in 20.7 and 20.9 may be used if,
upon investigationyt is found to be acceptable for the particular application.

20.11 The spacings at wiring terminals employing pressure wire connectors are to be measured with the
device wired with conductors corresponding to the current rating of the switch.

20.12 Where bus bars used, spacings are to be measured with the bus bars connected.

20.13 In measuring an over-surface spacing, an isolated metallic part such as a screw head or washer
interposed between uninsulated live parts of opposite polarity or between uninsulated live parts and
grounded metal is considered as reducing the spacing by an amount equal to the dimension of the isolated
metallic part in the direction of the measurement.

21 Wiring Space

21.1 The clear wiring space, independent of all projections, obstructions, or interference from moving
parts of the operating mechanism, shall be fully adequate for the wiring of the device, and shall be not less
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in total area than 250 percent of the total cross-sectional area of the maximum number of wires which may
be used in such space.

21.2  Minimum values for some of the more common multiple-wire conditions are given in Table 21.1.

21.3 To determine if a wiring space complies with the requirements of 21.1, consideration is to be given
to the actual size of wires which will be used in that space. In computing the actual area of a wiring space,
consideration is to be given to all the available space that may be used properly for the placement of wires.

21.4 For a fused power-circuit device, the wire-bending space at the line and load terminals shall be as
specified in Table 21.2 for the conductor size that corresponds with the maximum ampere rating of the

fused power-circuit device.

21.5 The ling
made using by

21.6 The wir
power-circuit g

21.7 If a wirg
terminal to any
the barrier or @

21.8 The dis
wire terminal
shall be turned
of the enclosu
such as a bos
shoulder, or th
radius to whig
connection of
wall of the eng

21.9 The construction and arrangement of the operating mechanism and its relation to thg

shall be such {

and load wiring spaces are not required if the line and load connections-are i
s bars.

e-bending space from a connector to any barrier or other obstruetion that is
evice shall be as specified in Table 21.3.

is restricted by barriers or other means from being bent in'a 90-degree or S
usable location in the wall of the enclosure, the distance is to be measured fr
ther obstruction.

tance mentioned in 21.4 and 21.6 is to be measured in a straight line from th
closest to the wall in a direction perpendicular to the box wall or barrier. The
so that the axis of the wire opening in the connector is as close to perpendict
re as it can assume without defeating any reliable means provided to prevg
s, shoulder, walls of a recess, multiple bolts securing the connector, or the |
e like is to be disregarded whén-the measurement is being made if it does 1
h the wire must be bent. Ifia terminal is provided with one or more conn
conductors in multiple, the distance is to be measured from the wire opening
osure.

hat it will not cause damage to wires with which it may come in contact during

htended to be

art of a fused

bend from the
om the end of

e edge of the
wire terminal
lar to the wall
nt its turning,
ike. A barrier,
ot reduce the
bctors for the
closest to the

wiring space
bperation.

Table 21.1
Wiring space
. Minimum Minimum areas in square inches (mm?) required for multiple wires based on factor of 2.5
Maxi- | width and
mum depth of
size of wiring
wwzlor space, Two-wires, Three-wires, Four-wires, Five-wires, Six-wires, Seven-wires,
cable
involved | in. (mm) | jn2 (mm?) | jn2  (mm?) | jn2  (mMm?) | jn2  (Mm?) | jn2  (mm?) | jh2  (mm?)
1/0 AWG 1 25.4 1.55 1000 2.33 1503 3.10 2000 3.88 2503 4.66 3006 5.43 3503
2/0 1 25.4 1.79 1155 2.68 1729 3.58 2310 4.47 2884 5.36 3458 6.26 4039
3/0 1-1/8 28.6 | 2.08 1342 3.1 2006 4.16 2684 5.19 3348 6.22 4013 7.27 4690
4/0 1-1/4 318 | 242 1561 3.63 2342 4.84 3123 6.05 3903 7.26 4684 8.47 5465
250 MCM | 1-3/8 34.9 2.96 1910 4.44 2865 5.92 3819 7.40 4774 8.88 5729 | 10.36 6684
300 1-1/2  38.1 3.42 2206 5.13 3310 6.84 4413 8.55 5516 | 10.26 6619 | 11.96 7716

Table 21.1 Continued on Next Page
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Table 21.1 Continued

Minimum Minimum areas in square inches (mm?) required for multiple wires based on factor of 2.5
Maxi- |  width and
mum depth of
size of wiring
vzlarglzr space, Two-wires, Three-wires, Four-wires, Five-wires, Six-wires, Seven-wires,
involved | in. (Mm) | jn2z (mm? | jp2  (mMm?) | jp2  (mm?) | jp2  (Mm?) | jp2  (Mm?) | jp2  (Mm?)
350 | 1-1/2 381 | 3.81 2458 | 572 3690 | 7.62 4916 | 953 6148 |11.44 7381 | 13.34 8606
400 1-5/8 413 | 418 2967 6.27 4045 8.36 5394 | 1045 6742 [12.54 8090 | 14.63 9439
500 | 1-3/4 445 | 492 3174 | 7.38 4761 | 9.84 6348 [12.30 7935 |14.76 9523 | 1722 11110
600 1-7/8 476 | 597 3852 8.96 5781 | 11.94 7703 [14.93 9632 |17.92 11561 | 20.90 13484
700 2 508 | 6.68 4310 | 10.02 6465 | 13.36 8619 | 16.70 10774 | 20.04 12929 | 23.38 15083
750 2 50.8 | 7.04 4542 |10.56 6813 |14.08 9084 |17.60 11355 |21.12 13626-| 24.64 15896
800 |2-1/B 540 | 7.39 4768 |11.09 7155 |14.78 9535 |18.48 11923 |22.18 (114310 | 25.87 16690
900 2-1/4 572 | 8.09 5219 |12.13 7826 |16.18 10439 |20.22 13045 |24226 15652 | 28.31 18624
1000 2-14 572 | 877 5658 |13.15 8484 |17.54 11316 |21.92 14142 |(26.30 16968 | 30.69 19800
1250 2-1/p 635 |11.03 7116 |16.55 10677 |22.06 14232 |27.58 17794 [r33.10 21355 | 38.61 24910
1500 2-3/4 699 (1274 8219 |19.11 12329 | 2548 16439 |31.85 20548 |38.22 24658 | 44.59 28768
1750 |27/ 73.0 |14.45 9323 |21.67 13981 | 28.90 18645 |36.12 ‘23303 |43.34 27961 | 50.57 32626
2000 3-1/8  79.4 |16.04 10348 | 24.06 15523 |32.08 20697 |40.10° 25871 |48.12 31045 | 56.14 36219
Table 21.2
Minimum wire-bending space at terminals in inches
Wire size AWG or Wires per terminal (pole)?
MCM (mnj?) 1 2 3 4 or more
0 53.5) 5-1/2 5-1/2 7 -
2/0 67.4) 6 6 7-1/2 -
3/0 85.0) 6-1/2 (1/2) 6-1/2 (1/2) 8 -
4/0 107) 7 (1) 7-1/2 (1-1/2) 8-1/2 (1/2) -
250 127) 8-1/2 @) 8-1/2 ) 9 1) 10
300 152) 10 3) 10 ) 11 (1) 12
350 177) 12 3) 12 (3) 13 (3) 14 )
400 203) 13 3) 13 (3) 14 (3) 15 (3)
500 253) 14 3) 14 3) 15 (3) 16 (3)
600 364) 45 2 46 (3} 48 N 49 3)
700 (355) 16 3) 18 3) 20 3) 22 3)
750 (380) 17 3) 19 (3) 22 (3) 24 (3)
800 (405) 18 20 22 24
900 (456) 19 22 24 24
1000 (507) 20 - - -
1250 (633) 22 - - -
1500 (760) 24 - - -
1750 (887) 24 - - -
2000 (1013) 24 - - -

Table 21.2 Continued on Next Page
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Table 21.2 Continued

Wire size AWG or Wires per terminal (pole)?
MCM (mm?) 1 | 2 | 3 4 or more
NOTE — For Sl units, one inch =25.4 mm

& Wire bending space shall be permitted to be reduced by the number of inches shown in parentheses under the following
conditions:

1. Only removable wire connectors receiving one wire each are used, (there may be more than one removable wire
connector per terminal);

2. The removable wire connectors can be removed from their intended location without disturbing structural or electrical
parts other than a cover, and can be reinstalled with the conductor in place.

Table 21.3
Minimum width of gutter and wire-bending space in inches\(mm)

Size of wire AWG or MCM Wires per terminal (pole)

(mnp) 1 2 3 4 5
1/0-2/0 (53.5-67.4) 3-1/2 (88.9) 5(127) 7 (178) - -
3/0-4/0 (85.0-107) 4 (102) 6 (152) 8 (203) - -

250 (127) 4-1/2 (114) 6 (152) 8(203) 10 (254) -
300 - 350 (152 -177) 5 (127) 8(203) 10 (254) 12 (305) -
400 - 500 (203 —253) 6 (152) 8 (203) 10 (254) 12 (305) 14 (356)
600 — 700 (304 — 355) 8 (203) 10 (254) 12 (305) 14 (356) 16 (406)
750 — 900 (380 —456) 8 (203) 12 (305) 14 (356) 16 (406) 18 (457)

1000 — 1250 (507 —633) 10 (254) - - - -
1500 —-2000 |(760 —1010) 12 (305) - - - -

NOTE — The table includes only those multiple-eenductor combinations that are likely to be used. Combinations nagt mentioned
may be given fufther consideration.

22 Disconneécting Means

221 If a fuged power-circuit device, that is marked to indicate it is acceptable for uge as service
equipment, hgs praevision for the connection of a grounded load conductor and does nof interrupt the
grounded loafl_ eonductor, other means shall be provided for disconnecting the grounded service
conductor from-theload-conductor.

22.2 The disconnecting means required in 22.1 may be a link or similar conducting piece constructed to
make connection between two terminals or it may be a terminal plate or stud provided with wire
connectors.

22.3 A single wire connector may be employed for the disconnecting means between the grounded load
conductor and the grounded service conductor, as well as the connection of the grounding electrode
conductor, provided the grounded load conductor can be removed without disturbing any other
conductors.

22.4 If disconnecting means as described in 22.2 is provided, there shall be provision for the separate
connection of the grounded line and load conductors.
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22.5 The grounding-electrode conductor terminal covered in 23.1 and the main bonding jumper covered
in 24.1 shall connect to the neutral on the supply side of the service disconnecting means for the neutral
covered in 22.1.

23 Provision for Grounding

23.1 A fused power-circuit device marked as being acceptable for use as service equipment and that is
provided with a neutral shall have provision for connection of the grounding-electrode conductor to the
neutral terminal in accordance with Table 23.1. The connection shall not depend upon solder for securing
the grounding conductor.

Exception: The provision may be on the equipment-grounding terminal assembly, bus or the like if the
main-bonding jumper is a bus bar or wire and is connected directly from the neutral [fo equipment-
grounding terininal assembly.

Table 23.1
Size of grounding electrode conductors

AWG size of service grounding electrode conduct¢r

Ampere rating Copper Aluminum
501 — 800 2/0 4/0
\bove 800 3/0 250 MCNI

24 Provision for Bonding

241 A fused power-circuit device marked as béing acceptable for service equipment and having an
insulated neufral shall be provided with a separate screw, strap, or other means to bond the enclosure to
the grounded| circuit conductor of an alternating-current circuit, and the construction shall be such that
when this main bonding jumper is not used, the spacings given in Table 20.1 will exist. Unlegs the intended
use and method of installation of the (bonding means are obvious, instructions for its installation shall be
provided.

24.2 All neufral conductors(or terminals shall be insulated from the enclosure and, as the it is shipped,
shall not be bpnded to the enclosure.

Exception: Neutral eenductors or terminals need not comply with 24.2 when marked in aqcordance with
50.21.

24.3 The main bonding jumper shall be of copper or aluminum and shall have a cross sectional area as
indicated in Table 24.1.

Table 24.1
Size of main bonding jumper conductors

Size of main bonding jumper Cross section of main bonding jumper in square inches (mm?)
. (minimum)*° (AWG or MCM) (minimum)®?
Ampere rating
not exceeding Copper Aluminum Copper Aluminum
800 2/0 4/0 0.105 (67.7) 0.166 (107)
1000 3/0 250 0.132 (85.2) 0.196 (126)

Table 24.1 Continued on Next Page
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Table 24.1 Continued

Size of main bonding jumper Cross section of main bonding jumper in square inches (mmz)
. (minimum)®® (AWG or MCM) (minimum)3P

Ampere rating

not exceeding Copper Aluminum Copper Aluminum
1200 250 250 0177 (114) 0.196 (126)
1600 300 400 0.236 (150) 0.295 (190)
2000 400 500 0.295 (190) 0.353 (228)
2500 500 700 0.353 (228) 0.516 (332)
3000 600 750 0.412 (266) 0.589 (380)
4000 750 1000 0.589 (380) 0.810 (523)
5000 900 1250 0.707 (456) 0.957 (617)
6000 1250 1500 0.884 (570) 1.178 (760)

@ The cross sect
material (copper]
service conductg

® For equipment
600 MCM coppe
cross section of

on may be reduced to 12.5 percent of the total cross section of the largest main servigé conductor
or aluminum) for any phase on equipment rated 1200 A and above. This applies when the cross s
rs is limited by the wire terminal connectors provided.

rated 1200 A or more and that has wiring terminals intended to connect service'\conductor wires si
I or 750 MCM aluminum, the cross section of the main bonding jumper shall be at least 12.5 perce
he largest main service conductor(s) of the same material (copper or aluminum) for any phase.

s) of the same
ection of the

red larger than
nt of the total

24A Accessibility of Live Parts in Service Equipment
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persons whilg
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conducted witlh all types of terminals:

NOTE: In accords
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in the off position, no ungrounded uninsulated live part is exposed to inadvert
servicing any field connected load fermination, including a neutral load
pbunding terminal, or the neutral -disconnect link. Exposure to inadverte
use of the probe illustrated in Figure 24A.1. If restriction to the line-side

dependent on the installation*of field installed service conductors, condu
th Table 26.1 shall be instalfed in the terminals when determining exposure
e parts of the line side setvice terminal, including the connector body and p
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nce with the Standard for Electrical Safety in the Workplace, NFPA 70E, an electrically safe worl
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Figure 24A 1
Straight probe

ANY CONVENIENT LENGTH
12.7mm DIA.
19.1mm DIA. (1/2 lNCH)
(3/4 INCH)
i —TC)
|
14.3mm(9/16 INCH) =\_ 4.8mm R
(3/16 INCH)
101.6mm
(4 INCHES)

PA130B

24A.2 Metal barriers provided to limit exposure to inadvertent contact shall:

a) Haye a thickness not less than 0.032 inch (0.81 mm) ifuncoated, not less than 0034 inch (0.86
mm) iflgalvanized, and not less than 0.050 inch (1.27 thim) if aluminum.

b) Be ponstructed so that it can be readily removed or repositioned, and then re-ingtalled, without
the likglihood of contacting bare live parts or damage the insulation of any insulated live part.

Exception: Fgctory installed barriers that limit access to factory installed wiring and terminations are not
required to bg constructed so that they can besremoved or repositioned.

24A.3 Nonnetallic barriers provided(to)limit exposure to inadvertent contact shall:

a) Comply with requirements in 20.9 for barriers used in conjunction with a minimum air space of
0.013 |nch (0.33 mm),

b) Be fonstructedsso-that it can be readily removed or repositioned, and then re-installed, to allow
access$ to the terminal for servicing.

Exception: Fgcteryinstalled barriers that limit access to factory installed wiring and terminations are not
required to be.constructed so that they can be remaved or repositioned

24A.4 Fused power-circuit devices marked “Suitable for use as service equipment” shall be permitted to
provide the protection from inadvertent contact in 24A.1 in a field installable kit when marked in
accordance with 50.37.

PERFORMANCE
25 General

25.1 The temperature, operation, endurance, 200 percent overload, and dielectric voltage-withstand
tests shall be conducted in the order named on one sample of the size and rating being investigated. The
same sample may then be reconditioned and used for the close-open and repeated dielectric voltage-
withstand tests but a previously untested sample may be employed at the option of the manufacturer.
Either of the above samples may be reconditioned or a new sample used for the contact opening and
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repeat dielectric voltage-withstand tests. Any of the above samples may be reconditioned or a new sample
used for the withstand, closing, and low-level dielectric voltage-withstand tests.

25.2 A fused power-circuit device rated for AC or DC shall be investigated for the marked rating by the
test program described in 25.1. A fused power-circuit device rated for AC and DC shall be investigated for
both ratings. The AC rating is to be verified by the test program described in 25.1. To verify the DC rating,
representative samples of the device shall be subjected to the 200 percent overload, close-open, and
contact opening tests, each followed by the dielectric voltage-withstand, short-circuit withstand, and
closing tests. The dielectric voltage-withstand test is to be performed with AC voltage; all other tests are to

be performed with DC voltage.

25.3 A fused power-circuit device for use as a tie switch shall be investigated for reverse feed.

254 When't
the enclosure
enclosure and

25.5 Anope
the switch may

25.6 Unless

temperature fest and dielectric voltage-withstand tests shallbe made on a 3-phassg

temperature t
acceptable to

25.7 The temperature test may be conducted at any_convenient voltage.

25.8 The fre
value, except
frequency bet

259 The ¢
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less than 90 p
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A device is intended for use on a single-phase circuitanly, all tests with the ex

bst may be made on either a 3-phase or a single-phase circuit (all poles
hose concerned.

huency of the AC test voltage in each test in which the switch is energized sha
or the Short-Circuit Withstand Test, Section 38, and the Closing Test, Section
veen 48 — 62 Hz is determinedto comply with the intent of this requirement.
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e to those concerned.
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Il be the rated
39, when any

ng tests are
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pof the device,
voltage is not
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reactances are to be connected in parallel with reS|stances except that an air-core reactor(s) in any phase
may be shunted by resistance, the loss in which is approximately one percent of the total power
consumption in that phase. The shunting resistance used with an air-core reactor may be calculated from
the formula:

E
1

1
— —PF|—

=1
OO[PF

in which:
PF is the power factor,

E is the closed-circuit phase voltage, and
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| is the phase current.

2511 Inthe 200 percent overload, close-open, short-circuit withstand, and closing tests, the device shall
be tested with the enclosure connected through a fuse to the live pole least likely to strike to ground. The
fuse is to be a 30 A non-renewable, non-time delay fuse having a voltage rating not less than the rating of
the device being tested.

25.12 A device intended for use with bus bars only and a device intended for use with either bus bars or
cable shall be tested using bus bars at terminal connections.

25.13 When the device can only be tested using insulated conductors, the conductors are to be secured

to the switch terminals by pressure wire connectors.

25.14 Insulg
appropriate s
inside the sw

ted conductors are to enter and leave the enclosure through one or more-shor;
ze of rigid conduit, each end of which is to terminate in an insulating bushin
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otherwise and
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on a single-phase circuit.

25.17 The fcceptable methods and practicesfor instrumentation and measurement of
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Servicing is npt to include replacement of any part. Reconditioning of a sample may include
replacing of pparts, er rebuilding of parts, as may be necessary.

ed in the field.
servicing, and

25.20

If mechanical operation is required or chosen as the means of test operation, the device shall be

caused to operate with no greater effort and speed than that expected to be provided by a person.

26 Temperature Test

26.1

percent of rated current without:

a) The

clearing of any fuse;

The device in its enclosure with fuses that provide typical heat generation in place, shall carry 100

b) A temperature rise of more than 60°C (108°F) above room temperature at the device terminals;

and

c) Any

temperature rise that will adversely affect any insulating materials used.
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26.2 Temperatures are to be measured by thermocouples consisting of wires no larger than 24 AWG
(0.21 mm?) and no smaller than 30 AWG (0.05 mm?), except that a coil temperature is to be determined by
the change-of-resistance method if the coil is inaccessible for mounting thermocouples. When
thermocouples are used in determining temperatures in electrical equipment, it is standard practice to
employ thermocouples consisting of 30 AWG iron and constantan wire and a potentiometer-type
instrument whenever referee temperature measurements by thermocouples are necessary. The
thermocouples and related instruments are to be accurate and calibrated in accordance with good
laboratory practice. A temperature is considered to be constant when three successive readings, taken at
30 minute intervals indicate no change.

26.3 A thermocouple junction and the adjacent thermocouple lead wire are to be securely held in good
thermal contact with the surface of the material whose temperature is being measured. In most cases,

adequate thern_l_l_l_n_rrl—l_l—l_frrﬁlja contact will result from securely taping or cementing the thermocouple in|place but, if a
metal surface |s involved, brazing or soldering the thermocouple to the metal may be necessary.

26.4 The registance method consists of the determination of the temperature of\a coppef or aluminum
winding by comparing the resistance of the winding at the temperature toybe determ|ned with the
resistance at 4 known temperature, according to the formula:

R
At=—(k+ 1)~ (k+ 1)

in which:
A tis the temperature rise;
R is the resistance of the coil at the end of the test;
ris thelresistance of the coil (coil at t;).at'the beginning of the test;

k is 234.5 for copper and 225.0(for electrical conductor grade (EC) aluminum (values of the
constaht for other grades must be determined);

t, is thg room temperature~*C*at the beginning of the test; and

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

26.5 As it i generallysnecessary to deenergize the winding before measuring R, the yalue of R at
shutdown may be determined by taking several resistance measurements at short intervals| beginning as

quickly as pogsibleafter the instant of shutdown. A curve of the resistance values and thg time may be
p|otted and ex rnpnlnfnr‘l to gi\/n the value of R at shutdown

26.6 The ambient room temperature, which may be measured by means of a thermometer or by a
thermocouple having a heat-sink attached, is to be within the range 10 — 4°C (50 — 104°F).

26.7 Unless the manufacturer's installation instructions indicate otherwise, bus bars of the size given in
Table 26.1 shall be used for connecting the device to a source of supply except that, if there is only
provision for cable connection, the cables of the size indicated or other cables of no greater total capacity
and representative of field installation shall be used. The spacing between multiple bus bars is to be 1/4
inch (6.4 mm) with no intentional wider spacing except as necessary at the individual terminals of the
device. The bus bars for the 3000 and 4000 A switch test are to be arranged in pairs with not more than 4
inches (102 mm) between pair centers. The bus bars for the 5000 and 6000 ampere switch test are to be
arranged in sets of three with not more than 4 inches between centers of adjacent sets.
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Table 26.1
Conductor sizes for temperature test

Device rating amperes Size of copper bus bar — inches? Size of copper cable - MCMP
800 (1)1/4by 3 (3) 300
1200 (1) 1/4 by 4 (4) 350
1600 (2)1/4by 3 (5) 400
2000 (2)1/4by 4 (6) 400
2500 (2)1/4by 5 (6) 600
3000 (4)1/4 by 4
4000 (4)1/dhy5
5000 (6) 1/4 by 5
6000 (6)1/4 by 6

@ The numbers
® The numbers

n parentheses indicate the number of bus bars per conductor.
n parentheses indicate the number of wires rated at 75°C (167° F) per cable.

inch 1/4 3 4 5 6
mm 6.4 76.2 102 127 152
26.8 The nmfaximum temperature rise on a coil or winding inténded for continuous duty shall be not

greater than t

nat indicated in Table 26.2, when operated at rated Voltage.

Table 26:2
Coil temperature rise
Maximum acceptable temperature rise
Kind df coil Coil insulation systems By thermocouple method By resistance method
Multiple-layer Class.90 50°C (90°F) 70°C|(126°F)
Class 105 65°C (117°F) 85°C|(153°F)
Class 130 85°C (153°F) 105°¢ (189°F)
Class "over 200" No limit is specified
Single-layer coi| with exposed Class 105 90°C (162°F) -—
surfaces uninsulated or
enameled
26.9 The temperature test on a coil may be conducted with the coil mounted in the swit¢h as intended

+ or tha ~~dl d conaratal

with the switeh

oormine  eo Olirran H -V S W 2N $ 4 N o o
LI Uullyllls ratcu ovuirreorit Ul uare oun Illuy L>Av] tColo\u aupalutuly mrarmr o

representative of the operating ambient conditions within the switch.

27 Strength of Insulating Base and Support

271

mbient that is

The insulating base of a fused power-circuit device shall not be damaged when wire connectors,

securing short lengths of conductors of rated ampacity, are torqued to 110 percent of the value marked on
the fused power-circuit device.

27.2 Damage is considered to have occurred if:

a) The

base insulating material cracks or rotates;

b) Bosses, recesses, or other means to prevent turning do not perform their intended function;
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c) Straps or bus bars bend or twist; or

d) Members move at electrical joints.

Minor chipping or flaking of brittle insulating material is acceptable if the performance is not otherwise
impaired. Momentary flexing of metallic members without permanent deformation is acceptable.

28 Overvoltage Test

28.1

rated voltage continuously.

A coil or winding intended for continuous duty shall be capable of withstanding 110 percent of its

29 Water Spray Test

29.1 To dete
water spray te
enclosure and
water may en
parts, insulatir]
live parts withi

29.2 The de
compound, if §

rmine compliance with the requirements in 6.2.1, the enclosure shall be su
5ts described in 29.2 and 29.3. There shall be no significant accumulation of w
no water shall enter the enclosure at a level higher than the léwest live pa

vice is to be set up as in an intended installatiof/with conduit connections

greatest quantity of water is likely to enter the device. The water pressure is to be maintaine

per square ing
Figure 29.1 an

d Figure 29.2 indicate the spray head piping and nozzle construction.

29.3 Followi
sprinkler for 1
square inch (
enclosure and
48 inches (1.2
the bottom of {

1T03 kPa

g the test described in 29.2, the device is to be subjected to a water spray sim
hour. Using a single nozzle, Figure 29.2, but with the pressure adjusted to 1

aimed at a point on the enclosure 2 feet (0.61 m) above the bottom. If the eng
? m) high, the test is to be repeated with the nozzle directed at a level 4 feet
he enclosure.

er above live parts if the equipment is so constructed that ©io water is visib
g material, or operating mechanism parts, and no water has-entered any spa
n the enclosure in which wiring may be present under anyroper installation cq

h (34 kPa) at each spray head. The deviceds to be exposed to the water spi

), the nozzle is to be located at the bottom of the enclosure 3 feet (0.9

bjected to the
ater within the
t, except that
le on the live
ce above the
nditions.

without pipe

o intended. The device is to be positioned in thefacal area of the three spray heads that the

d at 5 pounds
ay for 1 hour.

ulating a lawn
5 pounds per
1 m) from the
losure is over
1.2 m) above
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Figure 29.1
Water-spray piping

PLAN VIEW
e A o A -
l |
X// A T A \
AN }gt~— SEE DETAIL OF SPRAY HEADS A
AN 7N Y I
1/ 1 N / 1 \ // 1\
AR N / 1 \\ 4 ,' \\
! \‘ / : \ p \
SEE DETAIL 'A’ WATER PRESSURE GAGE
[/ FOR cacH SPRAY HEAD PIEZOMETER ASSEMBLY
DETAIL A
@
il

c
\- CONTROL VALVE FOR
EACH SPRAY HEAD

N
N

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

RT101D
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Figure 29.2
Spray head
ASSEMBLY 2
N
—F BODY »
B C— 1/Z TAPERED FIPE
I‘ i I._ THREAD -
ANSI/ASME B1.20.1
)
i
Y,
3
) ==y

U (DRILL THRU = L=

)
H (DRILL THRU)

INSERT

o _ N (MAX)
b LOTHERNK QH’ 3 HOLES <37 (DRILL THRU)

S (DEEP)\K

SPACE 120

R (ORILL TO DEPTH
" REQUIRED FOR THROAT)

[~V (HEX. OR ROUND
BAR STOCK)

a3

3 < 'SQUARE SECTION 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 1.0 P 975 14.61
C 9/16 14.0 .76 14.63
D 578 14.68 Q 453 11.51

580 14 73 454 1133
E 1/64 0.40 R 1/4 6.35
F c c S 1/32 0.80
G 06 1.52 T (No. 352 280
H (No.9)° 5.0 U  (No. 40)° 250
J 23/32 18.3 % 5/8 16.0
K 5/32 3.97 w 0.06 1.52
L 1/4 6.35
M 3/32 2.38
3 Nylon Rain—Test Spray Heads are available from

Underwriters Laboratories

© ANSI B94.11M Drill Size
C Optional — To serve as a wrench grip.

RT100E
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29.4 When a Type 3R enclosure is provided with a rubber or rubber-like gasket, the quality of the gasket
shall be such that samples subjected to a temperature of 69 — 70°C (156 — 158°F) in circulating air for 168
hours shows a tensile strength of not less than 60 percent and an elongation of not less than 75 percent of

the values determined with unaged samples.

30 Operation Test

30.1

An electrically operated trip mechanism shall operate successfully at 75 percent of its rated voltage

to open the switch, except that an electrical trip device designed to function when a ground fault exists,
shall operate successfully at 55 percent of its rated voltage.

30.2 A motor operated mechanism shall operate successfully at 85 percent of its rated voltage to both

close and ope
fault exists sh

30.3 Anele
controlled by
intended swit

304 Theca
capacitors, sh

n the switch, except that a motor operated mechanism designed to function.y
all operate successfully to open the switch at 55 percent of its rated voltage!

ctrically operated mechanism intended to be powered by a source/independe
the switch shall operate successfully at 85 percent of its ratedyoltage reg
th function.

pacitors of electrically operated trip mechanisms in which-the tripping power i
all hold sufficient charge to open the switch a minimum of 5 seconds after Io

power when the capacitors have been supplied from a source Gf voltage 75 percent of the

voltage.

31 Enduran
31.1 A fuse
number of op
the operating

31.2 Anyco
31.3 If a fug
both, in add

performing sy

ce Test

 power-circuit device shall be capable of being operated under no-load cor
brations indicated in Table 31.1. There shall be no mechanical malfunction or
parts of the device.

hvenient speed that enables normal functioning of all parts may be used.

ed power-circuit device is provided with an electrical or mechanical tripping
tion to the normal operating mechanism, each such mechanism shall
ccessfully ford0percent of the number of operations shown in Table 31.1. Thg

may be perfofmed as part of the endurance test of 31.1.

Table 31.1

vhen a ground

ht of the circuit
ardless of the

s derived from
ss of charging
system rated

ditions for the
undue wear of

mechanism or
e capable of
bse operations

No-load endurance test operations

Rating in amperes Number of operations
800 3500
1200 2500
1600 2000
2000 2000
2500 2000
3000 1000
4000 1000
5000 1000
6000 1000
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32 200-Percent Overload

32.1 A fused power-circuit device shall perform successfully when operated for the number of cycles of
operation indicated in Table 32.1, when making and breaking 200 percent of its rated current at the rate
specified. The rate of operation of any switch is not prohibited from being increased when agreeable to
those concerned. The test is to be conducted at the rated voltage of the switch. For testing AC-rated
devices, the power factor shall be from 70 — 80 percent, except that a lower power factor complies with the
intent of this requirement when it is agreeable to those concerned, and the switch is to be connected as
shown in Figure 32.1. For DC-rated devices, the test is to be conducted with DC, and the device
connected so that the enclosure is positive in potential with regard to the nearest arcing point. The DC
circuit is to have a time constant not less than 0.003 second. The time constant is the time measured on
the oscillogram of the test current where the value is 63.2 percent of the maximum current.

Table 32.1
200-percent overload operations

Device rating — amperes Number of operations Rate of operations per minute
800 100 2
1200 100 1
1600 and larger 50 1

32.2 When the capacity of the load bank requires, or at the.eption of the manufacturer, the operations
are to be performed in groups of five or more with an interval of unstated length betwgen groups of
operations. DUrring this interval, the cover or door of thexswitch is to be opened to purge the enclosure
unless the mapufacturer prefers not to exercise this option.

32.3 A cottop pad indicator shall be used over-any louvers or other openings to determine compliance
with 7.1.

32.4 Dummy fuses shall be installed(in,the switch for the 200 percent overload test. If the fuse mounting
means are lodated in or near the arcing zone of the switch, the fuses shall closely resemblg the intended
fuse in physical configuration.

32.5 No adjustment of mechanism or contacts is to be made during this test.

32.6 At the ¢onclusion of the test, the device is to be in operable condition or capable of peing put into
operable condition By servicing, but such servicing shall not be performed prior to the diel¢ctric voltage-
withstand test| 33y — 33.3. The fuse indicated in 25.9 connected to indicate arc-over to thg enclosure or
grounded metatshattmothave opened:
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Figure 32.1

Circuit for 200 percent-overload, close-open, and contact-opening tests

o 0 o)
¢
o O o F
D —
DF DF DF

Rs i Rs Rs
L

SB0851

X — Variable-tap air-core reactor

R — Variable resistor

F — Enclosure fuse

D — Device under test

Rs — Shunts for metering current

DF — Dummy fuse

Supply — Rated voltage: 3-phase, 60-hertz

Common connection of outer shells of coaxial shunts may be grounded if no other grounds on the circuit.
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33 Dielectric Voltage-Withstand Test

33.1
Hz essentially

sinusoidal potential of 1000 V plus twice the maximum rated voltage:

a) Between live parts and the enclosure, with the switch closed;

b) Between terminals of opposite polarity with the switch closed; and

c) Between line and load terminals with the switch open.

33.2
be twice the n

A switch, with fuses in place, shall withstand for 1 minute without breakdown the application of a 60-

If an electrically actuated operating mechanism is associated with the switch, the test potential shall

actuating mec|
orlessis requ

33.3 To detd
means of a tr
The applied p
at that value fq
consistent with

33.4 For sor
connection or

haximum—+rated-control-voltage—plus—1000-and-shall-be—-applied-betweenliv
hanism and the frame, except that a motor which is part of such a circuit and
red to withstand a maximum potential of 1000 V.

rmine if a device complies with the requirements of 33.1 and 3372, itisto b
nsformer having a capacity of at least 500 VA, the output voltage of which ¢
tential is to be increased from zero until the required test value\is reached an
r 1 minute. The increase in the applied potential is to be at.a uniform rate ang
its value being correctly indicated by the voltmeter.

he constructions, such as at a control transformery it may be necessary to o
bne side of a circuit to conduct the tests.

34 Close-Open Test

34.1 Except
and break 60

as noted in 34.2, a fused power-circliit device shall be capable of being ope

contacts of th

D percent of its rated current for, the number of operations indicated in Tal
switch are not prohibited from being serviced. However, the contacts of the

to be replaceq after each operation. The't{est is to be conducted at the rated voltage of the
AC rating, the switch is to be connected as shown in Figure 32.1 to a circuit as specified
close-open test is not prohibited from being combined with the contact opening test when
those concerned as long as the-limiting impedance is on the load side of the switch as sh
32.1. For a D@ rating, the switch-is to be connected as specified in 32.1. The DC circuit is
constant not Igss than 0.008.second. The time constant is the time measured on the oscillogi
current where the value s 63.2 percent of the maximum current.

Table 34.1

parts of the
s rated 250 V

e stressed by
an be varied.
l is to be held
as rapidly as

pen a ground

ated to make
ble 34.1. The
switch are not
switch. For an
in 34.5. The
agreeable to
bwn in Figure
o have a time
am of the test

Close-open test operations

Type of switch Number of operations
Polyphase and DC-rated 3
Single phase 5

34.2
current, the test current shall be reduced to that at which the switch can be opened but to not

If pinch effect, as determined by test of two samples, prevents the opening at 600 percent of rated

less than 480

percent of rated current. If the switch does not open by 480 percent, it is considered unacceptable.

34.3
a) Closing under load;

b) Opening under no-load;

If agreeable to those concerned, each closing and opening operation cycle may consist of:
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c¢) Closing under no-load; and

d) Opening under load.

All required operations, however, are to be made using the same test sample. Servicing is only permitted
after each complete cycle.

34.4 In the closing operations indicated in 34.1 — 34.3, the contacts are not required to go to the full
extent of their travel if such is the result of forces resulting from the overload current which is passing
through the device. A switch that does not close fully or will not open at 600 percent of rated current is to
be investigated to determine if any electrical risk or risk of injury to persons or overheating is caused.

34.5 The tept-circuit power factor shall be as indicated in Table 34.2 except that a lower power factor
may be used |[f agreeable to those concerned.

Table 34.2
Test circuit power factor

Switch ampere rating Power factor
800 - 1200 0.45-0.50
1600 — 2500 0.25-0.30
3000 — 6000 0.15-0.20

34.6 At the ponclusion of the test, the device is to bedn operable condition or capable of{being put into
operable condition by servicing, but such servicing shall not be performed prior to the dielectric voltage-
withstand test, 34.1. The fuse, indicated in 25.97,Connected to indicate arc-over to thg enclosure or
grounded mefal shall not have opened.

35 Dielectric Voltage-Withstand (Repeated) Test After the Close-Open Test

35.1 The diglectric voltage-withstand test described in 33.1 — 33.3 shall be repeated following the close-
open test.

36 Contact|Opening Test

36.1 A fuspd power-circuit device that is electrically operated or that has an elegtrical tripping
mechanism shall be Capable of being operated electrically to break levels of current as ind|cated in Table
36.1. The number of operations shall be in accordance with Table 34.1. All required operations are to be
made using the Same test samplie. The contacts of the device are not pronibited from being serviced.
However, the contacts are not to be replaced after each operation. The test is to be conducted at the rated
voltage of the switch. For testing with AC, the switch is to be connected as shown in Figure 32.1, except
that a switch that has been tested at 600 percent of rated current in accordance with 34.1 is not prohibited
from being connected as shown in Figure 38.1 with the external fuses omitted. The test circuit is to be as
specified in 36.2. For testing with DC, the switch is to be connected as specified in 32.1. The DC circuit is
to have a time constant not less than 0.003 second. The time constant is the time measured on the
oscillogram of the test current where the value is 63.2 percent of the maximum current.

36.2 The test circuit power factor shall be in accordance with 34.5 and Table 34.2.

36.3 Dummy fuses shall be installed in the switch for the contact opening test. If the fuse mounting
means are located in or near the arcing zone of the switch, the dummy fuses shall closely resemble the
intended fuse in physical configuration.
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Table 36.1
Contact opening

Type of switch Test current

(see 18.1) — For
equipment

Electrically-tripp
lockout (see 18.1
equipment

Electrically-operated, bolted-pressure contact switch
Electrically-tripped, bolted-pressure contact switch

Electrically-tripped, bolted-pressure contact switch — For use with Class Il
ground fault sensing and relaying equipment

Electrically-tripped, bolted-pressure contact switch— With integral lockout

ed, bolted-pressure contact switch — Without integral

Any power circuit protector (butt-type contacts)

10 times rated?®
10 times rated

10 times rated

10 times rated
use with Class |, ground-fault sensing and relaying

12 fimesrated

) — for use with Class I, ground-fault sensing and relaying

12 times)rated

& May be six timg
after initiation of

s rated current if the time required to open the switch with the electrical operator is not'less than 1
the operator. Need not be performed if test in 34.1 was conducted at six times rated\current.

1/2 seconds

36.4 At the ¢
operable cond
withstand test
grounded met

37 Dielectric

37.1 The die
opening test.

38 Short-Ci

38.1 Acircui
on the device.

a) The

b) The
impairg

c) The

onclusion of the test, the device is to be in operable conditioh or capable of
ition by servicing, but such servicing shall not be performed prior to the diel
. 37.1. The fuse, indicated in 25.9, connected tocindicate arc-over to the
bl shall not have opened.

t Voltage-Withstand (Repeated) Test Afterthe Contact Opening Test

ectric voltage-withstand test describediin 33.1 — 33.3 shall be repeated followi

cuit Withstand Test

of the maximum fault current for which a fused power-circuit device is rated s
After the circuit is opened:

fuse connected-to-the enclosure shall not have opened.

re shall be“no breakage to the extent that the integrity of the mounting o
d.

door shall be prevented by its latch, without bolt or lock installed therein, fron

open. [

being put into
ectric voltage-
enclosure or

ng the contact

hall be closed

[ live parts is

n being blown

Deformation of the case alone is not considered an unacceptable result, and

d) The device shall be capable of being opened by its regular manual operating means.

38.2 AC-rated devices shall be tested as described in 38.3 and 38.4 — 38.10. DC-rated devices shall be
tested in accordance with 38.4, 38.5, 38.10 — 38.18.

38.3 Forthe

test specified in 38.1:

a) The open-circuit voltage of the power-supply circuit is to be not less than the maximum rated
voltage of the device.

b) The available short-circuit current in amperes (rms symmetrical), is to be not less than the
marked withstand current rating of the device.


https://ulnorm.com/api/?name=UL 977 2020.pdf

OCTOBER 26, 2020

UL 977

43

c) The circuit is to be as indicated in Figure 38.1 and is to include the required measuring
equipment and fuse-mounting means.

d) The

power factor of the circuit is to be 0.20 or less.

e) The enclosure of the device is to be connected through a 30 A nonrenewable, non-time delay
fuse, having a voltage rating not less than the rating of the device being tested, to the pole of the
switch determined to be the least prone to arc to the enclosure. This connection is to be made to
the load side of the limiting impedance by a 10 AWG (5.3 mm?) copper wire 4 — 6 feet (1.2 — 1.8 m)

long.

38.4 Fuses, having characteristics representing the peak let-through current (I,) and maximum 12t
values associgted-with-the-maximum—+ated-fuses-the-device-is-intended-to-accepi—are-to-be installed on

the load side
these fuses ig
let-through cy
requirements
device being
a fuse having

38.5 Fuses
calibrated to
38.4.

of the device as shown in Figure 38.1 with dummy fuses mounted in the.d
to be of such characteristics that, when tested on a single-phase circuit(it Wil
rrent and a maximum clearing of I? t not less than the corresponding Values s
for the current and voltage ratings of the Class L or Class T fusé intended
ested. To obtain the required values of these characteristics, it may be neces
a current rating larger than that of the fuse which the device accommodates.

Hetermine that its 1° t and I, characteristics complywith the prescribed valug

pvice. Each of
permit a peak
pecified in the
for use in the
sary to employ

used for tests are to be selected from a lot from which,one sample has been selected and

s called for in
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Figure 38.1

Circuit for withstand and closing tests

O O O

>
>
>

o) o o) F
D
DF DF DF
CL CL CL
Rs Rs Rs

SW — Closing swifch <‘may be located as shown or ahead of limiting impedance

SB0849

X — Variable-tap ajr-core reactof

R — Variable resisfor

F — Enclosure fuse

D — Device under test

Rs — Shunts for metering current

CL - Current-limiting fuses used during test. To be installed in switches or mounted externally as shown
DF — Dummy fuse

Supply — rated voltage: 3-phase, 60-hertz

Common connection of outer shells of coaxial shunts may be grounded if no other grounds on the circuit.
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38.6 The reactive components of the impedance in the line shown in Figure 38.1 may be paralleled if of
the air-core type but no reactance is to be connected in parallel with resistance except that an air-core
reactor(s) in any phase may be shunted by resistance as determined in accordance with 38.7.

38.7 The shunting resistance used with an air-core reactor having negligible resistance may be
calculated from the formula:

in which:

E is th
measu
some

38.8 The cu
44.5.3.

38.9 With th
devices teste
flow (1) is obt

38.10 Atthg

(see Figure 3
required aboV

38.11
device conne
arcing point. 1

38.12 For a
test circuit is
second.

38.13 The [
percent of the
used when
arithmetic avd

A

[«

e voltage across the air-core reactor with current | flowing as determined by
rements during the short-circuit calibration or, by proportion, from meter. me
ower current.

rrent available and other circuit characteristics are to be determined as indical

e device in the full closed position, the test circuit is tobe closed on the device

Bined.

option of the manufacturer, the withstand test may be conducted without the
B.1) fuses, in which case the interruption méans shall be such that the maximu
e are obtained.

A fusgd power-circuit device intended for use on a DC system is to be tested with D

cted so that the frame and_enclosure are positive in potential with regard
[he device is to be tested with,the enclosure connected as specified in 38.3 (e)

DC source, the requirements of 38.13 — 38.18 are to be applied. The time g
to be determined-by the method shown in Figure 38.2 and shall not be le

C open-circuit voltage of the test circuit is to be not less than 100 percent nor
rated.voltage of the unit under test, except that a higher voltage is not prohibi

to be within 9
not prohibited

from being used when agreeable to all concerned.

oscillographic
asurements at

fed in 44.1.1 —

. For two-pole

| on a single-phase circuit, synchronous closing shall be employed so that maximum current

current-limiting
ml,and I*tas

C and with the
o the nearest

onstant of the
ss than 0.010

more than 105
ted from being

rage’of the maximum and minimum values of the voltage wave read from an pscillogram, is

greeable to all concerned. In addition, the open-circuit voltage, as dete]mined by the

igher voltage is

38.14 The minimum point on the DC voltage wave is to be not less than 90 percent of the rated voltage
of the device.

38.15 The available DC capacity of the test circuit is to be not less than the withstand rating of the
device. The prospective current is to be determined with the supply terminals short circuited by measuring
the maximum displacement on an oscillogram at a time, after the start of current, of not less than four
times the required time constant. Any overshoot above time-current curve (exponential curve) is not to be
regarded.
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Figure 38.2

Determination of the short-circuit time constant (oscillographic method) of DC circuits

T —o| |-

CURRENT

' N
L) maxmuom )
VOLTAGE |

~ 0.632 |°

@)
>+ -

SA10468B

2 The value of theltime constant is given by the abscissa OA corrésponding to the ordinate 0.632 | of the oscillograph of calibration of
the circuit.

38.16 The time constant of the circuitis’the time measured on the oscillogram where the qurrent is 63.2
percent of the prospective current.

38.17 When|the current source has a ripple, measurements are to be made from the njidpoint of the
ripple.

38.18 With the device in the fully closed position, the test circuit is to be closed on the devick.

39 Closing Test

39.1 A fused power-circuit device shall be closed on a circuit of the maximum fault current for which the
device is rated. A device rated for a fault current at more than 100,000 A (rms symmetrical) or DC shall
have a reconditioned or previously untested sample also subjected to a closing test on a 100,000 A circuit.
After the fault has cleared:

a) The fuse connected to the enclosure shall not be open;

b) There shall be no breakage to the extent that the integrity of the mounting of live parts is
impaired;

c) The door shall be prevented by its latch, without bolt or lock installed therein, from being blown
open (deformation of the case alone is not regarded as a result that does not comply with the
requirements); and

d) The device shall be capable of being opened by its regular manual-operating means.
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39.2 If the switch will not open as specified in 39.1 (d), two additional attempts by the manual means are
to be made. If the switch still does not open the results are to be considered unacceptable.

39.3 The conditions of the closing test are to be the same as for the short-circuit withstand test, 38.2 —
38.18, except that the current limiting fuses are always to be used. Complete physical closure of the switch

contacts is no

t required to be established.

40 Low-Level Dielectric Voltage-Withstand Test

40.1

The dielectric voltage-withstand test described in 33.1 — 33.3 shall be repeated following the closing

test. The test potential shall be twice the rated voltage used for the closing test, but no less than 900 V.
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Coating Thickness Test

The njethod of determining the thickness of coating by the metallic coating thi

1.1-41.9.

ution to be used for the metallic coating thickness test is to besmade from dist
P00 grams per liter of reagent grade chromic acid (CrO;) ‘and 50 grams per
trated sulfuric acid (H, SO,4). The latter is equivalent to 27 'milliliters per liter of
sulfuric acid, specific gravity 1.84, containing 96 pereentof H, SO,.

5t solution is to be contained in a glass vesselssuch as a separatory funnel

a stopcock and a capillary tube of approximately 0.025 inch (0.64 mm) insid
m) long. The lower end of the capillary.tdbe is to be tapered to form a tip, t
ut 0.05 milliliter each. To preserve an effectively constant level, a small glass t
the funnel through a rubber stoppef’and its position is to be adjusted so f
ben, the rate of dropping is 100 £5-drops per minute. If desired, an additional
ce of the glass tube to control the-rate of dropping.

bmple and the test solation is to be kept in the test room long enough
bf the room, which s ‘to be noted and recorded. The test is to be conduc
f70.0 — 90.0°F (21584~ 32.0°C).

sample is tovbé thoroughly cleaned before testing. All grease, lacquer, p3

batings areto be removed completely by means of appropriate solvents. Samp
rinsed in‘water and dried with clean cheesecloth. Care should be exercised tq
surface with the hands or any foreign material.
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416 Thes

mpteto betestedisto besupported-fromm 07 to—tinch {7 to 25 mm)beto

the orifice, so

that the drops of solution strike the point to be tested and run off quickly. The surface to be tested should
be inclined about 45 degrees from the horizontal.

41.7 After cleaning, the sample to be tested is to be put in place under the orifice. 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.

41.8 Each sample of a test lot is to be subjected to the test at three or more points, excluding cut,
stenciled, and threaded surfaces, on the inside surface and at an equal number of points on the outside
surface, at places where the metal coating may be expected to be the thinnest. On enclosures made from
precoated sheets, the external corners that are subjected to the greatest deformation are likely to have
thin coatings.


https://ulnorm.com/api/?name=UL 977 2020.pdf

48 UL 977 OCTOBER 26, 2020

41.9 To calculate the thickness of the coating being tested, select from Table 41.1 the thickness factor
appropriate for the temperature at which the test was conducted and multiply by the time in seconds
required to expose base metal as noted in 41.7 above.

Table 41.1
Coating thickness factors
Temperature, Thickness factors, 0.00001 inch (0.00025 mm) per second

°F (°C) Cadmium platings Zinc platings

70 211 1.331 0.980

71 21.7 1.340 0.990

72 22.2 1.352 1.p00

73 22.8 1.362 1.p10

74 23.3 1.372 1.p15

75 239 1.383 1.p25

76 244 1.395 1.p33

77 25.0 1.405 1.p42

78 256 1.416 1.p50

79 26.1 1.427 1.p60

80 26.7 1438 1.p70

81 27.2 1.450 1.p80

82 27.8 1.460 1.p85

83 28.3 1.470 1.p95

84 28.9 1.480 1.100

85| 294 1.490 1.f10

86 30.0 1.501 1.120

87 30.6 1.513 1.130

88 31.1 1.524 1.141

89 31.7 1.534 1.150

90 32.2 1.546 1.160
INSTRUMENTATION AND CALIBRATION OF HIGH-CAPACITY CIRCUITS
42 Galvanometers
42.1 The galvanometers in a magnetic oscillograph employed for recording voltage and ¢urrent during
circuit calibration-and fuse testing shall have a flat (+5 percent) frequency response from 50 tb 1200 Hz.

42.2 Using an audio-oscillator having output impedance and output voltage adequate for driving a
magnetic-oscillograph galvanometer and capable of delivering at least 100 mA rms with a wave form
which remains sinusoidal over a frequency range of 50 — 1200 Hz, gradually increase the frequency of the
signal applied to the galvanometer and determine that the peak-to-peak amplitude of the galvanometer
deflection does not increase or decrease by more than 5 percent from the deflection at 60 Hz throughout
this frequency range when corrected output voltage is supplied to the galvanometer, and the sensitivity is
adjusted to produce a deflection not less than 25 mm.

42.3 Galvanometers shall be calibrated as described in 42.4 —42.8

42.4 When a shunt is used to determine the circuit characteristics, a direct-current calibrating voltage is
normally used. The voltage applied to the oscillograph galvanometer circuit is to result in a deflection of
the galvanometer approximately equivalent to that which is expected when the same galvanometer circuit
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