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Preface

This is the harmonized ANCE, CSA Group, and UL standard for Enclosed and Dead-Front Switches. It is
the Fourth edition of NMX-J-162-ANCE, the Eighth edition of CSA C22.2 No. 4, and the Fourteenth edition
of UL 98. This harmonized standard has been jointly revised on January 16, 2023. For this purpose, CSA
Group and UL are issuing revision pages dated January 16, 2023, and ANCE is issuing a new edition
dated January 16, 2023.

This harmonized standard was prepared by the Association of Standardization and Certification (ANCE),
CSA Group, and Underwriters Laboratories Inc., (UL). The efforts and support of the Technical
Harmonization Committee for Enclosed Switches, of the Council on the Harmonization of Electrotechnical
Standards of the Nations of the Americas (CANENA), are gratefully acknowledged.

This standard
standard.

is considered suitable for use for conformity assessment within the-stated scope of the

This standard
jurisdiction of
Committee on

was reviewed by the CSA Subcommittee on Enclosed and Dead-Front Swit¢hes, under the
the CSA Technical Committee on Industrial Products and the CSA Strategic Steering

Committee.

Where referen
considered an

Note: Although th
responsibility of th

Level of harmonization

This standard
This standard

An equivalent
Technical nati
recognized as
geographical,
the country co

Reasons for ¢

Requirements for Electrical Safety, and has been formally,;approved by the

ce is made to a specific number of samples to.be tested, the specified n
ninimum quantity.

e intended primary application of this standard isstated in its scope, it is important to note
e users of the standard to judge its suitability for their particular purpose.

s published as an equivalent standard for ANCE, CSA Group, and UL.

standard is a standard that is substantially the same in technical content, ex
bnal differenceS are allowed for codes and governmental regulations as
being in accordance with NAFTA Article 905, for example, because of funda
fechnological, or infrastructural factors, scientific justification, or the level of
nsiders @ppropriate. Presentation is word for word except for editorial change]

ifferences from IEC

CSA Technical

Lmber shall be

that it remains the

Lises the IEC format but isnot based on, nor is it considered equivalent to, an IEC standard.

Cept as follows:

well as those
mental climatic,
protection that
S,

The THC determined the safe use of enclosed and dead-front switches is dependent on the design and
performance of the products in relation to the North American Electrical Codes with which they are
intended to be installed.

Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural rules
of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.
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6.3.9 A switch so constructed that it will tend to close by gravity shall be provided with means for holding
the operating mechanism in the off position.

6.3.10 Switches rated greater than 250 V, 30 A shall have the design of the operating mechanism in
conjunction with the contact structure, such that in normal operation, the operator of the switch cannot
restrain the operation of the contacts after they have initially touched or parted when closing or opening

the switch. Isolating switches complying with 6.3.8 and 9.2.12 are exempt from this requirement.

6.4 Accessibility of live parts

6.4.1
Annex A, Ref. No. 14.

Openings in enclosures that provide access to live parts shall be evaluated in accordance with

6.4.2 Enclos
switch in the o

d switches marked for service equipment use shall be constructed.such
position, no ungrounded uninsulated live part is exposed to inadvertent'con
while servicing any field connected load terminal or fuseholder, including a_ngutral log
equipment grpunding terminal, or the neutral disconnect link. Exposure t0 inadver
determined by|use of the probe illustrated in Figure 6. If restriction to the line=side of the ser
is dependent ¢n the installation of field installed service conductors, conductors sized in a
Table 8 shall be installed in the terminals when determining exposure to-inadvertent conta
of the line sidq service terminal, including the connector body and gressure screw shall bej
enclosed switghes suitable for more than one type of fuse or terminals, the evaluation sha
with all types df fuses and terminals.

NOTE: In accordance with the Standard for Electrical Safety in the Warkptace, NFPA 70E, an electrically safe wo
be established pripr to working on electrical equipment. Accessibility requirements do not endorse working on 4

that, with the
fact by persons
d terminal, an
ent contact is
Vice disconnect
ccordance with
Ct. All live parts
evaluated. For
| be conducted

Fk condition should
nergized electrical

equipment. In Carjada, refer to CSA Z462, Workplace electrical safety.

6.4.3 Metal harriers provided to limit exposureto inadvertent contact shall:

a) Hav
mm) if

a thickness not less than'0.032 inch (0.81 mm) if uncoated, not less than O
jalvanized, and not lessthan 0.050 inch (1.27 mm) if aluminum.

.034 inch (0.86

b)Bec
the like

stalled, without
ive part.

bnstructed so that they can be readily removed or repositioned, and then rein
ihood of contacting’bare live parts or damage the insulation of any insulated

NOTE: Factory in
that they can be rg

btalled barriers that limit access to factory installed wiring and terminations are not required to be constructed so

moved op-repositioned.

6.4.4 Nonmetallic barriers provided to limit exposure to inadvertent contact shall:

a) Comply with requirements in 6.6.2.6 for barriers used in conjunction with a minimum air space of
0.013inch (0.33 mm).

b) Be constructed so that they can be readily removed or repositioned, and then reinstalled, to
allow access to the terminal for servicing.

NOTE: Factory installed barriers that limit access to factory installed wiring and terminations are not required to be constructed so
that they can be removed or repositioned.

6.4.5 Enclosed switches marked “Suitable for use as service equipment” shall be permitted to provide
the protection from inadvertent contact in 6.4.2 in a field installable kit when marked in accordance with
9.2.64.
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6.6.2.3 A barrier located between the enclosure and an uninsulated live part electrically connected to a
grounded circuit conductor (neutral) may be of vulcanized fiber.

6.6.2.4 A barrier material having values below those contained in Table 1 may be accepted based on
acceptable end-product performance tests.

6.6.2.5 A barrier of insulating material other than vulcanized fiber may have a thickness less than 0.71
mm (0.028 inch) if it withstands a 48 — 62 Hz dielectric-withstand voltage of 5 000 V applied in accordance
with 7.14.

6.6.2.6 A barrier used in conjunction with a minimum air space of 0.33 mm (0.013 inch) shall be:

a) Of materatthattas illbuidlillg plupcllica as apcbificu' i 6-5-torotherthamvylcanized fiber,
complying with Table 5,

b) Of such strength to withstand the stress associated with normal handling, installatjon, and use of
the equipment,

c) Secufed in place,

d) Locafed so that it will not be adversely affected by operationf the equipment in s¢rvice, and

e) Of a minimum thickness of 0.71 mm (0.028 inch).

6.6.2.7 Vulca

a minimum 0.7

6.6.2.8 Mater
required throug

nized fiber with a minimum thickness of 0.71.mm (0.028 inch) and used in ¢
mm (0.028 inch) air space need not comply with 6.5.1.

al other than vulcanized fiber used:ifconjunction with an air space of 50%
h air spacing may have a thickness:

a) Not Igss than 0.33 mm (0.013 inch);or

b) Less
applied

6.6.2.9 A bar|
acceptable end

n accordance with the requirements in 7.14.

[ier material having values below those contained in Table 5 may be acce
-product performance tests.

Table 5

Minimum valr.les for insulating barriers used in place of spacing in conjunction with

bnjunction with

or more of the

than 0.33 mm (0.013 inch) if it withstands a 60 Hz dielectric-withstand voltage of 2 500 V

bted based on

minimum air

Space of U.33 mm (0.0713 inch)

Flammability rating of material®
Test specified' V-0 or VTM-0 V-1 or VTM-1 V-2 or VTM-2 HB
Hot wire ignition (HWI1)¢, ignition time in sec. (Annex A, 7 15 30 30
Ref. No. 3)
High current arc ignition (HAI)®, number of arcs (Annex 15 30 30 60
A, Ref. No. 10)
Comparative tracking index (CTI)? under moist 100 100 100 100
conditions®, Volts (Annex A, Ref. No. 2)

@ Not applicable if

b Material surface

the over-surface spacing is greater than or equal to 12.7 mm (1/2 inch).
is in contact with or in close proximity (within 0.8 mm (1/32 inch)) to:

Table 5 Continued on Next Page
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7.2.13 The deadfront switch being tested shall be mounted in the open, not in a panelboard, with the
front in a vertical plane and the load terminals at one side. Connections shall be made with cables in
accordance with 7.2.4, and loading shall be in accordance with 7.2.1 or 7.2.10 as appropriate. Where wire
cannot be connected to the line end of the switch, copper bus bars shall be connected to the line
terminals. The bus bars shall have an ampacity not more than the rating of the switch based on a current
density not less than 1.55 A/mm? (1 000 A/in?), shall extend approximately 76 mm (3 inches) beyond the
switch enclosure, and shall terminate in wire connectors appropriate for the rating of the switch. Bus bars
of cross-section other than specified above may be used if agreeable to the submitter and the testing
agency.

7.2.14 Temperatures shall be recorded for the top two load terminals, on the top front corner of the wire
connectors farthest from the center of the switch.

7.2.15 Thes
conductors to
outside and bqg
rises on the to

7.2.16 A two
in7.2.12, and

bme sample used in the test of 7.2.13 shall be tested in the same manner,
the lower switch pole shall be disconnected from the switch and reconr
low the switch enclosure or shell. Results shall be considered acceptable if t
p two load terminals are not higher than those observed in the testof7.2.13.

hat has an enclosure smaller than the equivalent three-p6le switch of the sa

except that the
ected together
he temperature

tpole deadfront switch marked for multi-phase application having a steel sh¢ll as described

me voltage and

ampere rating, shall be subjected to the test described in 7.2.13 except that

a) Dummy fuses shall be used in the two poles,

b) A 3-phase current shall be adjusted to 100 percent of the switch rating, and

c¢) The third-phase conductor shall be connected outside and below the enclosure o1 shell.

t exceed 30°C.
h fuses in place
f temperatures

Results shall Qe considered acceptable if the temperature rises at the load terminals do ng
A switch employing Class L, C, or T fuses or; 400 or 600 A Class J fuses shall be tested wit
and when carrying 80 percent of its rated.Current. Results shall be considered acceptable
at the load terminals comply with Table(16:

7.3 Overload test

7.3.1 General
7.3.1.1 A general-use-switch shall perform successfully when operated:
a) For $0.cycles,

b) Making and breaking 150 percent of its rated current, except as noted in 7.3.1.3 and 7.3.2.10,

c¢) With the rate of speed being the number of cycles per minute given in Table 19,
d) At the test voltage described in 7.3.2.4,
e) For ac rated switches, a load with a power factor of 0.75 — 0.80 maximum; and

f) For dc rated switches, with a noninductive resistance load.

There shall not be any electrical or mechanical malfunction of the device or welding of the contacts. The
ground fuse shall not have opened. Burning or pitting of the contacts shall be considered to be acceptable,
but line-to-line breakdown shall be considered to be unacceptable.

7.3.1.2 A horsepower- or kilowatt-rated switch shall perform successfully when operated:
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There shall nof
ground fuse sh
but line-to-line

a) For 50 cycles of operation for switches rated 74.6 kW or 100 horsepower or kilowatt and less, or
10 cycles of operations for switches rated over 74.6 kW or 100 horsepower,

b) Making and breaking current given in Table 17 and Table 18,

c) With the rate of speed being the number of cycles per minute given in Table 19 (operations with
current); the switch rating in amperes shall be assumed to be equal to 60 percent of the required
overload test current. A switch rated in excess of 74.6 kW or 100 hp need not be operated faster
than 1 cycle per minute,

d) A test voltage as described in 7.3.2.4;

e) For ac rated switches, a load with a power factor of 0.45 — 0.50 maximum; and

f) For dd

rated switches, a load with a time constant of not less than 0.003 seconds!

be any electrical or mechanical malfunction of the device or welding“of the
bl not have opened. Burning or pitting of the contacts shall be considered to
breakdown shall be considered to be unacceptable.

Table 17
Overload-test currents in amperes for alternating-current switches

contacts. The
be acceptable,

Switch in rating 120V 240V 480 V 600 V
kW hp 19 2¢ 3¢ 19 2¢ 3¢ 19 2¢ 3¢ 19 2¢ 3¢
4-Wire 4-Wire 4-Wire 4-Wire
0.125 1/6 26.4 - - 13.2 - - - - - - - -
0.187 1/4 34.8 - - 174 - - - - - - - -
0.248 1/3 43.2 - - 21.6 - - - - - - - -
0.373 1/2 58.8 - 40 29:4 - 20 - - 10 - - 8
0.56 3/4 82.8 28.8 50 414 14.4 25 21 7.2 125 16.8 6 10
0.746 1 96 38.4 60 48 19.2 30 24 9.6 15 19.2 7.8 12
1119 1172 120 54 80 60 27 40 30 13.8 20 24 10.8 16
1.492 2 144 70.8 100 72 354 50 36 18 25 28.8 14.4 20
2.238 3 204 99.6 102 49.8 64 51 25.2 32 40.8 19.8 25.6
3.73 5 336 158 168 79.2 92 84 39.6 46 67.2 31.8 36.8
5.6 7-1/2 4380 228 240 114 127 126 54 63.5 96 48 50.8
7.46 10 6566 286 366 b 462 456 72 84 426 60 64.8
11.19 15 432 216 232 108 116 84 93
14.92 20 564 282 290 138 145 114 116
18.65 25 708 354 365 174 183 144 146
22.38 30 828 414 435 210 218 168 174
29.84 40 1080 540 580 270 290 216 232
37.3 50 1360 678 725 336 363 270 290
44.76 60 870 435 348
55.95 75 1085 543 434
74.6 100 1450 725 580

Table 17 Continued on Next Page
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b) With the line connected to the hinge jaws and the load connected to the other set of contact

jaws,

c) With the line connected to one set of contact jaws and the load connected to the hinge jaws, and

d) With the line connected to the other set of contact jaws and the load connected to the hinge

jaws.

7.3.1.5 A double-throw switch for use as optional standby systems in accordance with Annex A, Ref. No.
1, shall be tested according to one of the following methods:

a) Subjected to the overload test using both sets of contacts simultaneously. During the test, the
source of one set of contacts shall be displaced 120 electrical degrees from the source of the other

set of cq

b) If the
load sw
motion,

c) If the|
not in
accord3g

7.3.1.6 Acyc
Ref. No. 1,is d

7.3.2 Test co

7.3.21 Aswi

ntacts for a 3-phase supply or 180 electrical degrees for a single-phase supq

double-throw switch is provided with a mechanical means to reduce'the li
tching from the normal source of supply to an alternate source of supply in g
testing in accordance with 7.3.1.4 shall be permitted.

double-throw switch is constructed such that the movable, Centact of the ng
motion at the same time as the movable contact of (the alternate sup
nce with 7.3.1.4 shall be permitted.

bfined as making and breaking the required test eurrent on both sets of conta
hditions

ch shall be mounted as in actual service with the door or cover and any (¢

closed. The ling terminals shall be connected to:a supply circuit, and the load terminals shal

to the necessa

7.3.2.2 A des
spacings from
representative

7.3.2.3 A swi

only shall be te

in potential with

y resistance or impedance.

dfront switch shall be ‘mounted in a panelboard or on a representative cha
live parts in the switch to the main bus structure and to grounded cha
bf those in the complete panelboard.

ch intended*for use on dc circuits and a switch not specially marked for alte
5ted with direct current, and with the device so connected that the enclosure
respect to the nearest arcing point.

ly.

elihood of the
ne continuous

rmal supply is
ply, testing in

e for a double throw-switch for use as optionalstandby systems in accordénce Annex A,

Cts.

ther openings
be connected

ssis, provided
5sis metal are

rnating current
will be positive

7.3.24 Theo

: L L [T — } 41 4006 PR T P 1o £
PCTI=LITOUIL VOILAYCT STIdIT TIOU DT 1CSS Uiall TUU PeTUCTIL O UHIC TdleU VUIlaytT Ul

he switch, and

the closed-circuit voltage shall not be less than 90 percent of the rated voltage of the switch or the normal-

frequency reco

very voltage shall be equal to the rated voltage of the device.

7.3.2.5 A switch intended for ac circuits only shall be tested with alternating current with an inductive
load. The test shall be made on a circuit having a maximum frequency of 60 Hz. Resistance and reactance
components of the load shall not be connected in parallel, except that an air-core reactor in any phase
may be shunted by resistance, the loss in which is approximately 1 percent of the total power consumption
in that phase. The shunting resistance used with an air-core reactor may be calculated from the following

formula:

Rgy = 100[(1/ PF)~ PF1E /1

in which PF is the power factor, E is the closed-circuit phase voltage, and | is the phase current.
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7.3.2.6 A switch intended for use on circuits having one conductor grounded shall be tested with the
enclosure connected through a 30 ampere non-delay, non-renewable-type cartridge fuse to the grounded
conductor. If an enclosed switch is intended for use on other types of circuits, the enclosure shall be
connected through a similar fuse to the live pole least likely to strike to ground.

7.3.2.7 A 2-wire and a 3-wire switch intended for use on either 3-wire dc or single-phase ac circuits with
grounded neutral shall be tested on a 3-wire dc circuit with grounded neutral, with the switch connected to
the outside conductors of the circuit, and with the enclosure grounded as indicated in 7.3.2.6. If the switch
is intended for use with alternating current only, it shall be tested with alternating current in a similar
manner and in accordance with 7.3.2.5.

7.3.2.8 A 3-wire switch without a solid neutral intended for use on ac circuits other than that described in
7.3.2.7 and a i ' ' i reoitwith a 3-phase
balanced load

7.3.2.9 A 4-yire switch without a solid neutral and a 5-wire switch shall be tested on
circuit with cohnections to adjacent poles, one pole being that nearest the ‘enclosure.
between the pples differ, an additional test shall be made with connections to.the pair of p
least separatign.

7.3.2.10 A switch marked for isolating use only and rated at morethan 1 200 A at 250 V
subjected to the overload test with a current of 1 800 A. A switch marked for isolation use o
more than 600]A at more than 250 V shall be subjected to the overload test with current 90(

a single-phase
f the spacings
bles having the

pr less shall be
hly and rated at
A.See 9.2.12.

7.4 Endurance test
741 The sgme switch previously subjected te'the overload test shall perform sucpessfully when
operated:

a) For the number of cycles and rate'of speed indicated in Table 19,

b) Mak
more th
be ope

ng and breaking 100 percent of its rated current. Switches for isolating usg only, rated at
an 1200 A at 250 Y or less, and switches rated at more than 600 A at more fhan 250 V may
ated without currént; if the switch is marked in accordance with 9.2.12,

c) With
voltage

the test potential as described in 7.3.2.4 for an ac switch and within 5 percent of the rated

of the switeh' if direct current is used, and

d) For ac ratedswitches, a load with a power factor of 0.75 — 0.80 maximum; and

eratad owitchac o nanindustia racictanca |lnad
Setea-Svviton oo EaCtY eTreSTtotaice1o0ats

e) For d

There shall not be any electrical or mechanical malfunction of the device or welding of the contacts. The
ground fuse shall not have opened. Burning or pitting of the contacts shall be considered to be acceptable,
but line-to-line breakdown shall be considered to be unacceptable.

7.4.2 For a switch having both ampere and horsepower or kilowatt horsepower ratings, the endurance
test for the horsepower- or kilowatt-rated sample need not be conducted if represented by the endurance
test for the general-use rating.
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7.5 Dielectric voltage-withstand test

7.51

A single-throw switch (with fuses, if any, in place) shall withstand for 1 minute without breakdown

the application of a 48 — 62 Hz essentially sinusoidal voltage of 1 000 V plus twice the maximum rated

voltage:
a) Betw
b) Betw

c) Betw

een live parts and the enclosure with the switch closed,
een terminals of opposite polarity with the switch closed, and

een the line and load terminals with the switch open.

7.5.2 A double-throw switch for use in optional standby systems in accordance with Annex A, Ref. No. 1,

shall have the ﬂ>otential voltage applied:

a) Betw
b) Betw
c) Betw

d) Betw

and alte

7.5.3 To dete

test, the devicsg

can be varied.

and held at that value for 1 minute. The increase in the*applied voltage shall be at a substg

rate and as raf
less than 500

7.6 Clamped
7.6.1 A clamg
a) The
wide. T

inch) di
metal p
the opp
dielectri
increasi

ben terminals of opposite polarity with the contacts closed,
ben live parts of different circuits, and

een terminals of the normal source and the alternate_source with the switch
rnate positions.

mine if a switch complies with the requirements.in Clause 7.5, Dielectric vol
shall be stressed by means of a 500 VA ordarger transformer, the output v
The applied voltage shall be increased from zero until the required test va

id as is consistent with its value being correctly indicated by the voltmeter.
A shall be permitted if the output(voltage is measured directly.

joint test

ed joint between twolinsulators (reference 6.6.1.18) shall be tested using twd

lamped joint ofi the first sample shall be opened up to produce a space 3.2
nis may be.accomplished by loosening the clamping means or by drilling

meter hole-at the joint between the insulators at a point of minimum spacin
rts on.the opposite sides of the joint. The drilled hole shall not decrease spa
site polarity parts as measured through the crack between the insulators. T
breakdown voltage through this hole shall then be determined by applyi

ben live parts and the enclosure with the contact alternately closed toreaeh sdipply source,

in both normal

age-withstand
ltage of which
lue is reached
ntially uniform
A transformer

samples:

mm (1/8 inch)
B 3.2 mm (1/8
g between the
cings between
he 48 — 62 Hz
Ng a gradually

ng voltage

b) The second sample, with the clamped joint intact, shall be subjected to a gradually increasing 48
— 62 Hz voltage until 110 percent of the breakdown voltage of item (a) has been reached. If the
breakdown voltage of item (a) is less than 4 600 V rms, the voltage to be applied to the second
sample shall be further increased to 5 000 V rms and held for 1 second. There shall be no electrical
breakdown of the second sample.

7.7 Close-op

7.71

en test

test requirements in 7.7.2 - 7.7.6.

Switches rated higher than 10 000 amperes short-circuit current shall comply with the Close-open

7.7.2 A deadfront switch shall be mounted and connected to the test circuit in the same manner as for
the overload test as specified in 7.3.2.2.
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9.2.56 The characters in the markings described in 9.2.52 — 9.2.54 shall not be less than 2.4 mm
(3/32 inch) high.

9.2.57 With respect to the requirement in 6.7.2.21, a switch shall be marked to indicate the specific
tightening torque for each wire connector in the switch that is intended for field wiring. If different
connectors are used for line or load, the specific torques to be applied to each connector shall be clearly
indicated.

9.2.58 A switch shall be marked in a readily visible location to indicate the required temperature rating of
all field-installed conductors.

9.2.59 A terminal of a switch capable of securing two or more combinations of conductors in multiple,

any of which h
switch is accep
with 6.10.2.2. T
will state the nu

9.260 A mar
clearly and co|
aluminum shall

9.261 Inan

BS an ampacity acceptable Tor the applications, shall be identiiied and mar
table for use with the combination of wires requiring the largest wiring space,
'he terminal shall be identified by a prominent marking, such as on a'wiring
mber and sizes of wires of which the terminal is acceptable.

mpletely conveys the significant information. Any abbreviation designatir]
be "AL-CU", "CU-AL", or equivalent.

bnclosed switch provided with fuseholders for brarich circuits, all branch ¢

ed unless the
in accordance
diagram, that

ing employing a wording differing from that given in 9.2.50 —9+2.54 shall b¢ permitted if it

g copper and

rcuit terminals

shall be so maiked that the connections of each branch circuit ean be readily identified, unlgss the relative

arrangement o
terminal plates|
wiring diagram

9.2.62 The m
location access

wrenches.

Note: Date coding,

the terminals makes this unnecessary. This-.marking shall appear either on,
and shall not appear only on parts that:must be removed in order to wirg
shall be considered a satisfactory alternative.

onth and year of manufacture, ,at least, shall be marked on each enclos
ible without the use of other thanhormally available tools such as screwdriv

serial numbers, or equivalent means may be used.

9.2.63 A double-throw switch-investigated for use in optional standby systems in accordar

A, Ref. No. 1,
systems in acg
Annex A, Ref. |
manufacturer's
the switch.

shall be marked, "Manually-operated switch suitable for use in optional s
ordance with ". (where the “blank” is to be filled in with the approp
No. 1) or Similar wording. The marking shall be an integral part of the marking
name-and the electrical rating, unless it is an integral part of another requi

or near to, the
the switch. A

bd switch in a
brs, pliers, and

ce with Annex
tandby power
riate text from
containing the
red marking of

9.2.64 Enclosed switches marked “Suitable for use as service equipment” and provided with protection
from inadvertent contact in a field installable kit, as permitted in 6.4.5, shall be marked “Install Service

Barrier Kit, Cat.

Number ” or equivalent.

9.3 Electrically tripped switches

9.3.1

marked with the control circuit ratings as follows:

a) Voltage and frequency (or "DC") of tripping circuit, and

b) Amperes, including inrush and sealed value for ac rated devices.

9.3.2

In addition to the requirements of 9.2, a switch provided with electrical tripping means shall be

If control fuses are provided, the rating shall be marked adjacent to the control circuit fuseholder.
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Figure 6
Straight probe
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Preface

This is the harmonized ANCE, CSA Group, and UL standard for Enclosed and Dead-Front Switches. It is
the Fourth edition of NMX-J-162-ANCE, the Eighth edition of CSA C22.2 No. 4, and the Fourteenth edition
of UL 98. This harmonized standard has been jointly revised on August 30, 2019. For this purpose, CSA
Group and UL are issuing revision pages dated August 30, 2019, and ANCE is issuing a new edition dated
August 30, 2019.

This harmonized standard was prepared by the Association of Standardization and Certification (ANCE),
CSA Group, and Underwriters Laboratories Inc., (UL). The efforts and support of the Technical
Harmonization’LCommittee for Enclosed Switches, of the Council on the Harmonization of Electrotechnical
Standards of tihe Nations of the Americas (CANENA), are gratefully acknowledged.

This standard fis considered suitable for use for conformity assessment within‘the statefl scope of the
standard.

This standard yvas reviewed by the CSA Subcommittee on Enclosed and*Dead-Front Swit¢hes, under the
jurisdiction of the CSA Technical Committee on Industrial Products and the CSA Strategic Steering
Committee on Requirements for Electrical Safety, and has been fotmally approved by the [CSA Technical
Committee.

Where referenge is made to a specific number of samples to be tested, the specified nimber shall be
considered a minimum quantity.

Note: Although the intended primary application of thisistandard is stated in its scope, it is important to hote that it remains
the resppnsibility of the users of the standard to judge its suitability for their particular purpose.

Level of harmpnization

This standard yises the IEC format but is not based on, nor is it considered equivalent to, af IEC standard.
This standard is published as\an equivalent standard for ANCE, CSA Group, and UL.

An equivalent $tandard-isia standard that is substantially the same in technical content, exg¢ept as follows:
Technical natipnal differences are allowed for codes and governmental regulations as| well as those
recognized as peing in accordance with NAFTA Article 905, for example, because of fundamental climatic,
geographical, fechnological, or infrastructural factors, scientific justification, or the level of|protection that
the country considers appropriate. Presentation is word for word except for editorial changes.

Reasons for differences from IEC

The THC determined the safe use of enclosed and dead-front switches is dependent on the design and
performance of the products in relation to the North American Electrical Codes with which they are
intended to be installed.
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Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural
rules of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.
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1 Scope

1.1 These requirements cover individually enclosed air switches, rated 4000 A or less at 1000 V or less,
having all current-carrying parts enclosed, manually operable by means of external handles, and intended
to be employed in accordance with the national installation codes listed in Annex A, Ref. No. 1.

1.2 As used in this Standard, the term switch is intended to mean an enclosed switch or deadfront switch
unless specifically stated otherwise.

1.3 These requirements also cover deadfront switches that have all current-carrying parts enclosed when
mounted in an enclosed panelboard, deadfront switchboard, or the like. These switches are manually
operable by means of external handles and are intended to be employed in accordance with the national
installation codes listed in Annex A, Ref. No. 1

1.4 These requirements cover enclosed switches with or without provision for fuses.suitable for use as

branch circuit, feeder, and service overcurrent protection.

1.5 The followming fuses are deemed suitable for use as branch circuit, feeder;”and serv

protection:
a) Ca
b) Plu

c) Spe
Class

1.6 These req
with or without
and having ho

1.7 These req
Annex A, Ref.

1.8 These req
employing Cla

1.9 These req
their acceptab
equipment as f

ridge Fuses (Ref. Annex B, Low-Voltage Fuses — Pafis T — 10, 12 and 15
) Fuses (Ref. Annex B, Low-Voltage Fuses — Parts 1 and 11), and

cial Purposes Fuses marked as meeting the performance specifications of
-use.

uirements cover enclosed switches.intended for general use and having 3
horsepower or kilowatt ratings, and enclosed switches intended for motor-
sepower or kilowatt ratings but\no general-use ampere ratings.

Lirements cover doublesthtow switches intended for use in optional standb
No. 1).

Llirements cover-fused electrically tripped switches rated over 600 A and rate
5s J, R or T fuses.

lirements also cover electrically tripped switches that have been investigate
lity fersground-fault protection when combined with ground-fault sensin
ollows:

ce overcurrent

a specific

mpere ratings,
Circuit use only

systems (see

d 600 A or less

d to determine
j and relaying

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

switch.

b) Switches for use with Class Il ground-fault sensing and relaying equipment are capable of
interrupting 10 times their rated current and are for use in ground-fault protection systems in
which means to prevent disconnecting at levels of fault current exceeding the contact
interrupting capability of the switch are incorporated within the ground-fault sensing and relaying
equipment when combined with Class | and Il ground-fault sensing and relaying equipment.
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5.36 PLUG FUSE - fuse consisting of a current-responsive element inside a housing with coaxial
terminals on one end, one terminal being a threaded metal ring or shell on the outside of the housing.

5.37 POLE OF A SWITCHING DEVICE - the portion of a switching device associated exclusively with
one electrically separated conducting path of its main circuit and excluding those portions which provide
a means for mounting and operating all poles together.

5.38 PRESSURE WIRE CONNECTOR - a reusable connector into which the conductor (wire) is secured
by mechanical pressure applied by integral screw, cone, or other mechanical parts.

5.39 RATING - a designated limit of operating characteristics based on specified conditions of current,

voltage, frequency, and such.

5.40 SERVICH
and fuses, and
other structure
cutoff of the sy

5.41 SHORT-
maximum avai
intended to be

5.42 SINGLE-

5.43 SWITCH
changing the G

5.44 SWITCH
is called “multi
to operate toge

5.45 TYPE TE
model of equip
usual service g
ratings assigne
used as a paf

evaluate modifications of;‘a*previous design and to assure that performance has not

affected. Test

E EQUIPMENT - the necessary equipment, usually consisting of a circuit(br
their accessories, located near the point of entrance of supply conduetars
or an otherwise defined area, and intended to constitute the main' ¢ontro

pply.

CIRCUIT CURRENT RATING - the maximum available rms“symmetrica
able dc current (which is marked on the switch) to which-the (fused or unf
connected when protected by the specified overcurreft protective device o

THROW SWITCH — a switch which has an open and a closed circuit positi

— a device, manually operated, unless otherwise designated, for opening an
onnection of a circuit.

NG DEVICE - called “single-pole”.if/it has only one pole. If it has more th
pole” (two-pole, three-pole, and so on) provided the poles are coupled in su
ther.

STS — tests made to determine the adequacy of the design of a particula
ment or its component-parts to meet its assigned ratings and to operate sati
onditions. Type tests\should be made only on representative equipment to g
d to all other apparatus of basically the same design. These tests are not
I of normal production. The applicable portion of these type tests may a

jata fromprevious similar designs may be used for current designs, where

6 Constructic1n

baker or switch
fo a building or
and means of

ac current or
used) switch is
r devices.

bn only.

d closing or for

an one pole, it
h a manner as

type, style, or
sfactorily under
ubstantiate the
intended to be
so be used to
een adversely
appropriate.

6.1 General

6.1.1 A switch shall employ materials throughout that are acceptable for the particular use, and shall be
made and finished with the degree of uniformity and quality of work practicable in a well-equipped factory.
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6.1.2 All parts of a switch shall be assembled in place when the switch is shipped from the factory, except

as noted in 6.1.3.

6.1.3 A switch may have provision for factory- or field-installed accessories such as neutral assemblies

or auxiliary switches provided that:
a) The switch is for use with and without such assemblies,
b) Each accessory is acceptable for the intended use,
¢) Each accessory can be installed without the disassembly of factory-assembled

without the use of a special tool unless such a tool and instructions for its use are
with each accessory

parts and
furnished

d) A bgrrier that is necessary because spacings would otherwise be less thahlrequired, or for

any other reason, is either:

i) Securely attached at the factory to either the switch or to,.the-accessory
installed, or

ii) Provided in the form of a kit made available by the manufacturer that ¢
6.1.7 and 6.1.8.

e) Thg accessory is an essentially complete unit and'does not require detailed ag

to be

omplies with

sembly in the

field. Qutting, splicing of existing wires, or resoldering of connections shall not be [permitted, and

f) The|accessory and switch are marked in accordance with 9.2.47.

6.1.4 With reference to 6.1.3, screws for mounting the neutral assembly shall be furnjshed with that

assembly but need not be assembled in place.
6.1.5 A switch|(including all of its parts) shall be strong and rigid enough for the intended

6.1.6 All ferrous metal parts other*than enclosures, unless of corrosion-resistant ma

application.

erial, shall be

galvanized, pginted, enameled; _plated, or otherwise acceptably treated to provide protection against

corrosion.

6.1.7 A DC rafed muliipole switch that requires poles to be wired in series and allows for
configurations pf the-poles, barriers and/or jumpers may be field installed if all of the follo

a) Bariers are either supplied with or made available by the manufacturer as pan

different series
ving are met:

of a kit;

b) Jumpers, if other than wire, are supplied with the barriers mentioned in a) or made available

by the manufacturer as part of the Kkit;
¢) The kit complies with 6.1.3 (c), (e), and (f);

d) The kit contains all required hardware; and
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e) Instructions for the use of barriers and/or jumpers are permanently marked on the switch for
each of the different configurations. In lieu of applying all markings to the switch, a separate
document shall be included with the switch and the switch shall be marked with a permanently
affixed label that reads: "For the proper configuration of connections of the terminals, refer to

Publication No.

provided with this switch.” The document shall include:
1) The switch manufacturer's name and type designation or equivalent;
2) Publication number and date or equivalent;

3) Switch electrical ratings, number of poles; and

4) A schematic of each of the intended wiring configurations for each ma

ked rating.

6.1.8 If the mg
to the wire siz

instructions require the wire to be bent with a radius less than the cold bend-mandrel r

Annex A, Ref.
6.2 Enclosure

6.2.1 An over
modifications ¢

6.2.2 A deadfront switch shall comply with the requiremepts'in Annex A, Ref. No. 4, only

those parts of
panelboard or

6.2.3 The enti
intended for fly
thick (base me

a) The
inch),

b) The

c) Thsg

intended forflush mounting, is as specified in Annex A, Ref. No. 4.

nufacturer’s instructions specify the installer is to provide the wire, detailed
b, insulation type, length, strip length, and physical configuration shall"be

No. 16, the jumpers shall be provided with the switch or kit as required in §

bll enclosure shall comply with the requirementsiin Annex A, Ref. No
nd additional requirements as specially describedin this Standard.

its enclosure that will be exposed when:the switch is installed behind the
he like.

re enclosure of a switch intended~for surface mounting and the box proy
sh mounting shall be permitted.to be formed of steel not less than 1.07 m

tal thickness not including. a-¢oating thickness) if:

length does not exceed 457 mm (18 inch) and the width does not exceed

depth of the bex proper is not more than 127 mm (5 inch), and

thickness\of a cover, front, door, trim, and similar parts, provided as part ¢

information as
provided. If the
bquirements of
A.7.

4, except for

with regard to
deadfront of a

er of a switch
m (0.042 inch)

356 mm (14

f an enclosure
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6.2.4 An opening for a closely fitting operating handle shall be permitted if the opening is substantially
closed when the switch handle is in any operating position. The clearance between the edge of the hole
and the handle shall not exceed 2.4 mm (3/32 inch) on either side (one side only) and 3.2 mm (1/8 inch)
total (both sides). The clearances shall be measured with the handle in the full on and off positions. The
handle and its supporting member shall be assembled in the position resulting in the largest clearance that
can result from ordinary factory assembly.

6.2.5 A single door may be provided regardless of the width of a door.

6.2.6 A door or cover intended to give access to fuses shall be hinged, sliding, or similarly attached so as
to prevent its removal.

6.2.7 Switches shall be provided with a means for locking the door closed. Switches marked as suitable
for use as senjice equipment shall be provided with a means for sealing.

6.2.8 The enclosure shall be constructed so that all doors can be opened to a minimum| of 90 degrees
from the closed position.

6.2.9 When knockouts are provided in the enclosure of a switch, they shall be located so that the
installation of gonduit bushings will not result in electrical spacings less than the minimum fequirements of
this Standard. Jn measuring electrical spacings it shall be assumed that the bushings are pf suitable size
for the largest fonduit that can be used.

6.2.10 An extdrnal operating means, such as one for a disconnect, a pilot device, or a resatting operation,
mounted on ol through an enclosure shall withstand the gnvironmental tests specified in|Annex A, Ref.
No. 4, for the mharked enclosure type.

6.3 Operating mechanism

6.3.1 The opefating mechanism shall be designed and constructed in such a manner ag to provide the
strength and figidity necessary to performvits intended function. Screws and nuts sefving to attach
operating partg to crossbars or other movable members shall be staked, upset, or othefwise locked in
position to preyent loosening under the jars of continued use. Stops shall be provided s¢ as to remove
undue strain frpm switch parts.

6.3.2 A handlg shall be proyided for convenient operation of a switch and shall be constriicted so as not
to present a rigk of fire, electric shock, or injury to persons. An operating handle and doof of conducting
material shall pe in electrical connection with the enclosure.

6.3.3 A metal fod.using the wall of the box as a bearing shall be considered to be in electrrcal connection
with the enclodure

6.3.4 If the position of a switch is indicated by the position of the operating handle, there shall be definite
off and on positions for the handle, and the construction of the operating mechanism shall be such that
the handle cannot be left readily at or near the off position when the switch is on. See also 9.2.13.
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6.3.5 If a switch is operated such that movement of the operating handle is vertical between the on and
off positions resulting in one position being above the other position, then the upper position shall be the
on position. A switching device having more than one on position, such as a double-throw switch, need
not comply with this requirement.

6.3.6 A handle or other member that indicates the position of the switch contacts (closed or open) shall
be so constructed that the door, front, or cover cannot be secured in place in the intended manner so that
the handle or member indicates off with the switch contacts in the closed position.

6.3.7 There shall be provision for locking an enclosed switch in the off position without opening the
enclosure.

6.3.8 An isolating switch shall have provision for locking the switch in the on position. A
current-interrugting switch may have provision for locking the switch in the on position.

6.3.9 A switch|so constructed that it will tend to close by gravity shall be provided with mgans for holding
the operating mechanism in the off position.

6.3.10 Switchgs rated greater than 250 V, 30 A shall have the design ef ‘the operating| mechanism in
conjunction with the contact structure, such that in normal operation, the operator of thg switch cannot
restrain the oppration of the contacts after they have initially touched or parted when cloging or opening
the switch. Isolating switches complying with 6.3.8 and 9.2.12 are‘exempt from this requirement.

6.4 Accessibility of live parts

6.4.1 Openingk in enclosures that provide access tolive parts shall be evaluated in agcordance with
Annex A, Ref. No. 4.

6.5 Electricallinsulation material

6.5.1 Insulatioh material in contact with. live parts shall have at least the minimum values specified in
Table 1 and additionally be subjected t6 the mold stress relief test in 7.13.

6.5.2 An insulfition material having\values below those contained in Table 1 may be accgpted based on
acceptable end-product performarice tests. See Annex A, Ref. No. 9.

Note: This requirement-does not apply in Canada.

6.5.3 The mold stress.relief test is not required for rigid thermosetting materials.
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c) Material surfa
1) uninsulated |
2) uninsulated |

i) metal parts
i) any surface

d) Material is in

(1/2 inch) for ard|

e) Material is in

b) Not applicable if the over-surface spacing is greater than or equal to 12.7 mm (1/2 inch).

Table 1
Minimum values for insulating materials
Flammability rating of material
Test specified V-0 V-1 V-2 HB
Hot wire ignition (HWI)®, ignition time in sec. 7 15 30 30
(Annex A, Ref. No. 3)
High current arc ignition (HAI)9, number of arcs (Annex A, 15 30 30 60
Ref. No. 10)
Comparative tracking index (CTI) under moist conditions®, 1752b 1752b 1752b 1752b
volts (Annex A, Ref. No. 2)
a) A material having a minimum comparative tracking value of 100 may be used if the voltage involved is 250 volts or less.

e is in contact with or in close proximity [within 0.8 mm (1/32 inch)] to:
ve parts of opposite polarity, or

ve parts and either

hat may be grounded in service, or

exposed to contact.

ontact with or in close proximity to uninsulated live parts 0.8 mm (1/32 inch),fer nonarcing p4
ng parts.

ontact with or close proximity to uninsulated live parts [within 0.8 mm (1/32 inch)].

rts or 12.7 mm

6.5.4 The ove

6.5.5 Vulcaniz
crossbars. Col

and so-called ot-molded shellac and tar compositions shall not be used for the mounting

live parts.

6.6 Spacings
6.6.1 General
6.6.1.1 Except

Grounded met
enclosure.

all thickness of switch bases shall not be less tharn 12’5 mm (1/2 inch) if ma

H-molded and phenolic compositions are_acceptable generally, but ordinar

al includes the enclosure and any metal that may be in electrical conn

je of porcelain.

ed fiber, impregnated hard wood, and molded.composition are acceptable s materials for

y fiber, rubber,
of uninsulated

as noted in 6.6.1.4v— 6.6.1.6, the spacings in a switch shall be as indicated in Table 2.

bction with the



https://ulnorm.com/api/?name=UL 98 2023.pdf

16 NMX-J-162-ANCE-2016 ¢ CSA-C22.2 NO. 4-16 ¢ UL 98 AUGUST 30, 2019
Table 2
Minimum spacings?
Voltage Minimum spacings in mm (inches)
between Between uninsulated live parts of opposite Between uninsulated live parts and any
_ parts polarity grounded metal
involved Over surface Through air Over surface Through air
0-130 19 (3/4) 125 (1/2) 12.5 (1/2) 12.5 (1/2)
131 - 250 31 (1-1/4) 19 (3/4) 12,5 (1/2) 12,5 (1/2)
251 — 600 50 @) 25 (1) 25 (1) 12.5 (1/2)
601 — 1000 50 ) 25 (1) 25 (1) 12.5 (1/2)
2 The Sl units are minimum values and are not a direct conversion from the corresponding values in inches.
6.6.1.2 Terminals and other live parts intended to be connected to the grounded condugtor of a circuit

shall be consid
electrical conn

6.6.1.3 If the
device that ca
switch shall:

a) Cornply with the requirement in 6.6.1.1 when the bonding device is removed, ¢r

b) Be

6.6.1.4 The sp

ered to be uninsulated live parts unless such parts are mounted directhy.on ¢
bction with the enclosure.

connection mentioned in 6.6.1.2 is solely by means of a screw; strap, or
N be readily removed and is not depended upon to perform"a mechanical function, the

marked as described in 9.2.33.

acings between screw-shells of plug fuseholders that are protected by surro

rin permanent

other bonding

unding walls of

insulating matgrial, and between such screw-shells and a metal cover plate, may be l¢ss than those

indicated in T3
measured froni

6.6.1.5 The di

a) The
(1-9/16

b) Thq

inches).

6.6.1.6 The sp
enclosure covd

stance between a door or cover over a fuseholder and:

ble 2 but not less than 6.4 mm (1/4<inch) in any case, if the depth of the
the top of the wall to the plane of the center contact, is not less than 19.1

center contact of an Edison-base plug fuseholder shall not be less than 3
inches).

receptacle, as
mm (3/4 inch).

D.7 mm

center contact-ef a Type S plug fuseholder shall not be less than 33.3 mm (1-5/16

acings:given in Table 2 are not required to be maintained between switch
r when the switch is in the off position and the blades are deenergized, but

shall not be leg

sthan 32 mm (1/8 inches)

blades and the

such spacings

6.6.1.7 In measuring between an uninsulated live part and a conduit bushing installed at a knockout, it
shall be assumed that a conduit bushing having the dimensions specified in Table 3 is in place.
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6.10.11 The wire-bending space from a connector to any barrier or other obstruction that is part of an
enclosed switch shall be as specified in Table 11.

6.10.12 A separate neutral block shall be permitted in a wiring gutter if it does not obstruct the required
wiring space.

6.10.13 If a wire is restricted by barriers or other means from being bent in a 90-degree or S bend from
the terminal to any usable location in the wall of the enclosure, the distance shall be measured from the
end of the barrier or other obstruction.

6.10.14 The distance mentioned in 6.10.10 and 6.10.11 shall be measured in a straight line from the edge
of the wire terminal closest to the wall in a direction perpendicular to the box wall or barrier. The wire
terminal shall i i ing i i

to the wall of ti
turning, such g
barrier, should
reduce the rad
the connection
the wall of the
in a straight lin

6.10.15 A swit
same end shal
point of entran

perpendicular
to prevent its

e enclosure as it can assume without defeating any reliable means provid
s a boss, shoulder, walls of a recess, multiple bolts securing the connector, or the like. A
er, or the like shall be disregarded when the measurement is being,made if it does not
us to which wire must be bent. If a terminal is provided with opglor more|connectors for
of conductors in multiple, the distance shall be measured from the wire opgning closest to
enclosure. Side wire-bending space, such as at a neutral in.side gutter, may be measured
e from the center of the wire opening in the direction the-wire leaves the tgrminal.

ch intended to be installed so that line and load cofductors pass into the
have ample space for both the line and load conductors to pass from their
Ce.

6.10.16 The cpnstruction and arrangement of the opefating mechanism and its relatiop to the wiring
space shall befsuch that it will not cause damage to wites with which it may come in contag¢t during switch
operation.

Table 10
Minimum wire-bending space at terminals?

Wire size Wires per terminal (pole)?
mm2 AWG or 1 2 3 4 or more
kerpil mm in mm in mm in mm in
21-53| 14410 Notispecified - - - - - -
8.4 g 381 1-1/2 - - - - -
13.3 g 50.8 2 — — — — -
21.2 4 76.2 3 - - - - -
26.7 3 76.2 3 - - - - -
33.6 2 869 3=t72 -
42.4 1 114 4-1/2 - - - - - -
53.5 1/0 127 5-1/2 127 5-1/2 178 7 - -
67.4 2/0 152 6 152 6 191 7-1/2 - -
85 3/0 165 (12.7) | 6-1/2 (1/2) | 165 (12.7) | 6-1/2 (1/2) 203 8 - -
107 4/0 178 (25.4) 7 (1) 191 (38.1) | 7-1/2 (1-1/2) | 216 (12.7) | 8-1/2 (1/2) - -
127 250 216 (50.8) | 8-1/2(2) | 216 (50.8) | 8-1/2 (2) | 229 (25.4) 9 (1) 254 10
152 300 254 (76.2) 10 (3) 254 (50.8) 10 (2) 279 (25.4) | 11 (1) 305 12
177 350 305 (76.2) 12 (3) 305 (76.2) 12 (3) 330 (76.2) | 13 (3) 356 (50.8) | 14 (2)
203 400 330 (76.2) 13 (3) 330 (76.2) 13 (3) 356 (76.2) 14 (3) 381 (76.2) 15 (3)
253 500 356 (76.2) 14 (3) 356 (76.2) 14 (3) 381(76.2) | 15(3) | 406 (76.2) | 16 (3)
304 600 381 (76.2) 15 (3) 406 (76.2) 16 (3) 457 (76.2) | 18(3) | 483(76.2) | 19 (3)

Table 10 Continued on Next Page
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Table 10 Continued

Wire size Wires per terminal (pole)P
mm? AWG or 1 2 3 4 or more
kemil mm in mm in mm in mm in
355 700 406 (76.2) 16 (3) 457 (76.2) 18 (3) 508 (76.2) 20 (3) 559 (76.2) 22 (3)
380 750 432 (76.2) 17 (3) 483 (76.2) 19 (3) 559 (76.2) 22 (3) 610 (76.2) 24 (3)
405 800 457 18 508 20 559 22 610 24
456 900 483 19 559 22 610 24 610 24
507 1000 508 20 - - - - - -
633 1250 559 22 - - - - - -
760 1500 610 24 - - - - - -
887 1756 616 24 -
1010 201;0 610 24 - - - - s -
a Alternatively, fof a product identified for use only in Canada, the use of the values in Annex A, Ref. N@.\14, shall be permitted.
b Wire-bending space may be reduced by the number shown in parentheses under the following conditions:
1) Only removalle wire connectors receiving one wire each are used (there may be more than ©he-“removablg wire connector
per terminal), ang
2) The removable wire connectors can be removed from their intended location without disturbing structural of electrical parts
other than a covdr, and can be reinstalled with the conductor in place.
Table 11
Minimum width of gutter and wire-bending space in mm (inches)?
Wire size Wires per terminal (pole)
mm? AWG or 2 3 4 5
kemil mm (in) mm (in) mm (in) mm (in) mm (in)
21-53 14 -10 - - - < - - - - -
8.4 -13.3 8-6 38.1 (1-1/2) - - - - - - -
21.1-26.7 4-3 50.8 2) - - - - - - -
33.6 2 63.5 (2-1/2) > - - - - - -
42.4 1 76.2 (3) - - - - — - —
53.5 -67.4 1/0 - 2/0 88.9 (3-172) 127 (5) 178 (7) - - -
85.0 — 107 3/0 — 4/0 102 ) 152 (6) 203 (8) - - -
127 250 112 (4-1/2) 152 (6) 203 (8) 254 (10) - -
152 - 177 300 - 350 127 (5) 203 (8) 254 (10) 305 (12) - -
203 - 253 400 - 500 152 (6) 203 (8) 254 (10) 305 (12) 356 14)
304 — 355 600 — 7Q0 203 (8) 254 (10) 305 (12) 356 (14) 406 16)
380 — 456 750 <900 203 (8) 305 (12) 356 (14) 406 (16) 457 18)
507 — 633 | 10001250 | 254 (10) - - - - - - -
760 — 1010 1500 2000 205 ('1 ’)) — —
@ The table includes only those multiple-conductor combinations that are likely to be used. Combinations not mentioned may
be given further consideration.
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6.15.5 Provision for the connection required by 6.15.4 is not required for a neutral with a permanent,
non-removable bond when:

a) The switch is rated at 100 A or less and a suitable pressure-type wire connector (attached to
the neutral) is provided that will accept a folded, unbroken, 8 AWG grounding conductor, or

b) The switch is provided with a lay-in type solderless connector attached to the enclosure.

6.15.6 Terminals shall be provided on the neutral assembly for both the grounded service conductor and
the load conductor (grounded circuit conductor; see Annex D).

6.15.7 Service equipment for Canada shall comply with the requirements of Annex A, Item 16.

7 Test methofls
7.1 General
7.1.1 To determmine if a switch complies with the performance requirements, a“representative device of

each rating shall be subjected to the tests as required in Table 13. Fewer samples mpy be used by
completing additional tests on any single sample.

Table 13
Test sequences?
Description Clause number Sample numper

Heating 7.2 1
Overload 7:3 2
Endurance 74 2
Dielectric voltage 7.5 1 and 2
Close-openP 7.7 3
Short-circuit withstand 7.8 3
Low-level dieletric 7.9 3
Short-circuit clgsing 7.10 4
Strength of insplating bases 7.11 5
Mold stress rellef 7.13 6
Insulating barriprs 7.14 2
Electrically tripped switches

Temperature 7.12.2 7

Operation 7.12.3 7

Contact open|ng 7.12.4 7

Endurance 7125 2-or-8

Overload and endurance 7.12.6
@ For variances to test sequence, refer to clause numbers.
b The close-open test is required for switches rated greater than 10 KAIC.

7.1.2 A switch marked with two or more ratings shall be tested at each rating unless a test at one rating
is representative of a performance at the other ratings.
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7.1.3 A switch intended for use in a metal enclosure shall be tested in a metal enclosure having no paint,
enamel, or other coating of insulating material.

7.1.4 A deadfront switch shall be tested on a representative panelboard chassis or the equivalent unless
specified otherwise in this Standard.

7.1.5 Test circuits for the close-open, short-circuit withstand, and short-circuit closing tests shall be
calibrated as described in Annex E.

7.1.6 Table 14 for ac ratings and Table 15 for dc ratings indicate representative tests. An overload and
endurance test at any voltage rating in a row with a xx designation in a given column is representative of
an overload and endurance test in a row below it with an entry (xx or x) in the same column, where the
same or lesser_current is involved

7.1.7 Overload and endurance tests at 600 V ac or above are representative for ratings |of 250 V dc or
below, where the same or lesser dc current is involved.
7.1.8 Table 14 applies to devices having an interrupting means for each-phase of| the circuit. A
single-throw switch is not considered to be representative of a double-throw)switch of the [same rating.
Table 14
Representative overload and endurance tests, ac
Swit¢h rating Number of Power factor Representative tests
in vplts, ac phases of test A B c D E F
1 1000 3 0.40 - 0.50 0.40°>0.50 XX * - - =
2 1000 1 0.40 - 0.50 0340 — 0.50 X XX * - =
3 1000 3 0.75 - 0.80 0.75 - 0.80 X - XX * =
4 1000 1 0.75-0.80 0.75-0.80 X X X XX *
5 500 3 0.40 < 0.50 XX *
6 500 1 0.40-0.50 X XX *
7 500 3 0.75 - 0.80 X XX *
8 500 1 0.75 -0.80 X X X XX *
9 180 3 0.40 - 0.50 XX
10 180 1 0.40 — 0.50 X XX
11 180 3 0.75-0.80 X X X
12 180 1 0.75-0.80 X X X XX X
13 P40 3 0.40 - 0.50 XX XX
14 P40 1 0.40 - 0.50 XX XX XX
15 540 3 8-75—0-80 xx xx X
16 240 1 0.75 -0.80 XX XX XX XX XX
17 120/240 1 0.75-10.80 X X X X X XX
18 120 1 0.40 - 0.50 XX XX XX XX XX
19 120 1 0.75-0.80 X X X X X X
NOTES
xx — denotes test that covers any row below with entry (x or xx) in same column.
* —tests at 600 V ac or above cover ratings at 250 V dc and below.
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Table 15
Representative overload and endurance tests, dc

Switch rating in volts, dc Representative tests
1 1000 XX
2 600 XX
3 250 XX *
4 125/250 XX *
5 125 X *
NOTES

xx — denotes test that covers any row below with entry (x or xx) in same column.
* — tests at 600 V ac or above cover ratings at 250 V dc and below.

7.1.9 If a gene
more than one
representative
horsepower or
also at the ma
representative
kilowatt rating.

7.1.10 A switc
endurance test
that are readil
Parts other thg

between the endurance and dielectric voltage-withstand tests.

7.2 Heating tgst

7.2.1 Parts of
no fuse eleme
are attained, a

a) General-use switch without a horsepower or kilowatt rating: rated current.

b) General-use switch-with a horsepower or kilowatt rating: rated current, or 115

curren
whichg

c) Fus

ximum current. An overload or endurance test on a 3-phase circuit is co
of performance on a 2-phase circuit of the same voltagé. for the same

h shall not be adjusted, lubricated, or otherwise c@nditioned during the ov
with current, or the endurance test without current;showever, switch blades
accessible may be put in good operating eondition before starting each
n switch blades and break jaws shall not be adjusted. A switch shall not

a switch shall not exceed the temperature rise values in Table 16, and if f
nt shall melt, when the switc¢h'is caused to carry continuously, until constar
60 Hz essentially sinusoidal current as follows:

(from Table-20 or Table 21) corresponding to the horsepower or kilowatt o
ver is greater.

led\motor-circuit switch: 115 percent of the maximum full-load current rating

ral-use switch has the same horsepower or kilowatt rating of 100 hp or.74;6 kW or less at
voltage, an overload or endurance test at the highest voltage shall (be/cgnsidered to be
of performance at any lower voltage. A motor-circuit switch or any switch having a
kilowatt rating greater than 100 hp or 74.6 kW shall be tested atcthie’ maximyim voltage and

hsidered to be
horsepower or

brload test, the
and break jaws
of these tests.
be conditioned

ises are used,
t temperatures

bercent of
ating,

. See also

8.2.2.
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Table 16
Maximum acceptable temperature rises
Material and components °C
A. Terminals for field-installed conductors:
1. Unfused switches 50
2. Fused switches for use with 60°C wire and tested with dummy fuses 30
3. Fused switches for use with 75°C wire and tested with dummy fuses? 45
4. Class CA, CB, G, and T fused switches rated 100 A or less for use with 60°C wire 50
5. Class CA, CB, G, and T fused switches rated 100 A or less for use with 75°C wire? 65
6. Class J (rated more than 200 A), Class T (rated more than 100 A), Class L and Class C fused 60
switches
B. All other cutrent-carrying parts:
1. Unfused spitches 50
2. Fused swifches for use with 60°C wire and tested with dummy fuses 30
3. Fused swifches for use with 75°C wire and tested with dummy fuses? 50
4. Class J (rated more than 200 A), Class T, Class L, and Class C fused switches 85
C. Other mategyials and components:
1. Wire insulfition or insulating tubing 35
2. Electrical fape 55
3. Varnished|cloth insulation 60
4. Fiber useq as electrical insulation 65
5. Sealing cdmpound 50
6. Phenolic domposition used as electrical insulation or as a part whase failure would result in an 125
undesired confdition
7. Other insuating materials b
@ Applicable tq a connector for copper wire. Also applicable tow, connector for aluminum wire or an aluminu-bodied
connector, if the connector has a temperature rating of 90°C:
b Rated tempdrature limit of material minus test ambienttemperature.
7.2.2 Temperdtures shall be measured bythermocouples consisting of wires no larger[than 24 AWG
(0.21 mm?) anfl no smaller than 30 AWG0.05 mm?).
7.2.3 A thermpcouple junction and, adjacent thermocouple lead wire shall be securely held in good

thermal contac

724 Anews
switch shall be|
copper wire pe
30, 60, or 100

t with the surface of*the material whose temperature is being measured.

itch shall beimounted as in actual service, with the door and other openin
connectéd-with not less than 1.2 m (4 ft) of Type THHN, THWN, RH, TW,
I terminal; the wire size corresponding to the current rating of the switch. Fo

gs closed. The
TW75, or THW
a switch rated

A, the wire size shall be based on the temperature rating of the wire as i
Switch (see 9.2.58). Where a dual temperature rating is marked 60/75°C wi

marking on the

dicated by the
, the test shall

be conducted with 75°C wire. The test shall be made at any convenient voltage. A temperature shall be
considered to be constant when three successive readings taken at 15-minute intervals do not indicate

any change.

Note: The Canadian equivalent of THHN is T90.

Note: The Canadian equivalent of THWN is TWN75.
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7.2.5 Except as stated in 7.2.6 and 7.2.7, a deadfront switch shall be tested in an enclosed panelboard
or the equivalent having main bus bars with a maximum rating of two times the ampere rating of the switch
under test.

7.2.6 A 30 A deadfront switch may be tested in a 100 A panelboard and a 60 A deadfront switch may be
tested in a 150 A panelboard. Alternatively, a 30 or 60 A deadfront switch may be tested in the smallest
current rated panelboard for which it is intended to be used.

7.2.7 If a deadfront switch can be used as a main switch, the bus bars shall be rated equal to the ampere
rating of the switch.

7.2.8 In the test of 7.2.5, the switch under test shall be mounted in the top position. The main bus bars

of the panelbo

rd shall be loaded to their rating up to the points of connection to the sw

tch under test.

Additional swit
to their rating.
filler plates.

7.2.9 Except 4
screw-shells.

7.2.10 A switc
carrying 80 pe

a) C,
b) Cla

7.211 If a dg
conductors in 1
grounded circu

7.2.12 A three|
of deadfront s\

7.2.13 The de
in a vertical p
accordance wi
cannot be co
terminals. The
density not les
switch enclosu

ches, or cables, may be used to load the main bus bars so that the inputig
Any unused positions in the panelboard shall be filled with additional switche

s noted in 7.2.10, dummy fuses shall be used in place of regular fuses in

n employing fuse Classes as identified below shall be{tested with fuses in g
cent of its rated current continuously:

CA, CB, G, L, or T, and
5s J rated 400 or 600 A.

adfront switch has a magnetic stéel shell that completely encircles th
he switch, the switch shall additionally be tested in accordance with 7.2.13
it conductor does not pass through the switch.

-pole sample of an individual deadfront switch of the maximum ampere rati
yitches that is constructed to form a complete steel shell shall be tested.

hdfront switch being tested shall be mounted in the open, not in a panelboar
lane and the Yead terminals at one side. Connections shall be made
h 7.2.4, andioading shall be in accordance with 7.2.1 or 7.2.10 as approprig
nectedte‘the line end of the switch, copper bus bars shall be connec
bus bars’shall have an ampacity not more than the rating of the switch bas

than'1.55 A/mm2(1 000 A/in3), shall extend approximately 76 mm (3 inch

them is equal
5 or closed with

clips or female

lace and when

e ungrounded
—7.2.16 if the

hg of each line

i, with the front
with cables in
te. Where wire
fed to the line
bd on a current
bs) beyond the

vitch. Bus bars

of cross-section other than specified above may be used if agreeable to the submitter and the testing

agency.

7.2.14 Temperatures shall be recorded for the top two load terminals, on the top front corner of the wire

connectors fart

hest from the center of the switch.



https://ulnorm.com/api/?name=UL 98 2023.pdf

40B NMX-J-162-ANCE-2016 ¢ CSA-C22.2 NO. 4-16 ¢ UL 98 AUGUST 30, 2019

7.2.15 The same sample used in the test of 7.2.13 shall be tested in the same manner, except that the
conductors to the lower switch pole shall be disconnected from the switch and reconnected together
outside and below the switch enclosure or shell. Results shall be considered acceptable if the temperature
rises on the top two load terminals are not higher than those observed in the test of 7.2.13.
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7.2.16 A two-pole deadfront switch marked for multi-phase application having a steel shell as described
in 7.2.12, and that has an enclosure smaller than the equivalent three-pole switch of the same voltage and
ampere rating, shall be subjected to the test described in 7.2.13 except that

a) Dummy fuses shall be used in the two poles,

b) A 3-

phase current shall be adjusted to 100 percent of the switch rating, and

c) The third-phase conductor shall be connected outside and below the enclosure or shell.

Results shall be considered acceptable if the temperature rises at the load terminals do not exceed 30°C.
A switch employing Class L, C, or T fuses or 400 or 600 A Class J fuses shall be tested with fuses in place

and when carr

ing 80 percent of its rated current. Besults shall be considered acceptable

at the load terr
7.3 Overload
7.3.1 General
7.3.1.1 A gene

a) For|

b) Ma
7.3.2.1

c) Wit
d) Att
e) Wit
There shall no
ground fuse sh|
but line-to-line

7.3.1.2 A hors

a) For|
less, o

hinals comply with Table 16.

test

ral-use switch shall perform successfully when operated:
50 cycles,

ing and breaking 150 percent of its rated current, except as noted in 7.3.1
01

n the rate of speed being the number ef,cycles per minute given in Table 1
he test voltage described in 7.3.2.4;

h a power factor (for an ac switch) of 0.75 — 0.80 maximum.

all not have opened;:-Burning or pitting of the contacts shall be considered to
breakdown shall'be considered to be unacceptable.

epower- ok Kilowatt-rated switch shall perform successfully when operated:

50 cycles of operation for switches rated 74.6 kW or 100 horsepower or ki
r 10 cycles of operations for switches rated over 74.6 kW or 100 horsepow|

f temperatures

3 and

be any electrical or mechanical malfunction of the device or welding of th¢ contacts. The

be acceptable,

owatt and
er or kilowatt,

b) Making and breaking current given in Table 17 and Table 18,

c) With the rate of speed being the number of cycles per minute given in Table 19 (operations
with current); the switch rating in amperes shall be assumed to be equal to 60 percent of the
required overload test current. A switch rated in excess of 74.6 kW or 100 hp need not be
operated faster than 1 cycle per minute,

d) A test voltage as described in 7.3.2.4, and


https://ulnorm.com/api/?name=UL 98 2023.pdf

AUGUST 30, 2019 NMX-J-162-ANCE-2016 ¢ CSA-C22.2 NO. 4-16 ¢ UL 98 43

e) With power factor (for an ac switch) of 0.45 — 0.50 maximum.

There shall not be any electrical or mechanical malfunction of the device or welding of the contacts. The
ground fuse shall not have opened. Burning or pitting of the contacts shall be considered to be acceptable,
but line-to-line breakdown shall be considered to be unacceptable.

Table 17
Overload-test currents in amperes for alternating-current switches
Switch in rating 120V 240V 480 V 600 V
kw hp 10 29 30 10 20 3¢ 1 20 30 1¢ 29 30
4-Wire 4-Wire 4-Wire 4-Wire
0.125  1/6 26.4 - - 13.2 - - - - - = - -
0.187  1/4 34.8 - - 17.4 - - - - - 5 - -
0248  1/3 43.2 - - 21.6 - - - - - - - -
0.373 12 58.8 - 40 29.4 - 20 - - 10 - - 8
0.56 3/4 828 2838 50 414 144 25 21 7.2 125 | 16.8 6 10
0.746 1 96 38.4 60 48 19.2 30 24 9.6 15 19.2 7.8 12
1119 1-12 || 120 54 80 60 27 40 30 13.8 20 24 10.8 16
1.492 2 144 70.8 100 72 35.4 50 36 18 25 288 | 144 20
2.238 3 204 99.6 102 49.8 64 51 25.2 32 408 | 198 256
3.73 5 336 158 168 79.2 92 84 39.6 46 672 | 318 368
5.6 7-1/2 | 480 228 240 114 127 126 54 63.5 96 48 50.8
7.46 10 600 288 300 144 162 156 72 81 120 60 64.8
11.19 15 432 216 232 108 116 84 93
14.92 20 564 282 290 138 145 114 116
18.65 25 708 354 365 174 183 144 146
22.38 30 828 414 435 210 218 168 174
29.84 40 1080 540 580 270 290 216 232
37.3 50 1360 678 725 336 363 270 290
44.76 60 870 435 348
55.95 75 1 085 543 434
74.6 100 1 450 725 580
9325 125 1815 908 726
1119 150 2170 1085 868
1492 200 2900 1 450 1160
186.5 250 1825 1 460
223.8 300 2200 1760
261.1 350 2550 2 040
298.4 400 2900 2320
335.7 450 3250 2600
373.0 500 3625 2900
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Table 18
Overload test currents in amperes for direct-current switches
Rating 125V 250 V 600 V

kW hp

0.373 1/2 32.4 16.2 -

0.56 3/4 456 22.8 -

0.746 1 38 19 7

1.119 1-1/2 53 26 10

1.492 2 68 34 14

2.238 3 +56 49 20

3.730 5 160 80 33

5.600 7-1/2 232 116 48

7.460 10 304 152 64

11.19 15 448 220 92

14.92 20 592 288 124

18.65 25 - 356 152

22.38 30 - 424 184

29.84 40 - 560 244

37.30 50 - 692 300
7313 A geniral-use switch that also has a horsepower or kilowatt rating greater than 14.6 kW or 100
hp shall be subjected to the overload tests requireddinh 7.3.1.1 and 7.3.1.2. If both tests ar¢ performed on

the same sample, the number of operations required in 7.3.1.1 may be reduced to 40.

7.3.1.4 A doul

le-throw switch shall be subjected to four overload tests, as follows:

a) With the line connected.to the hinge jaws and the load connected to one set gf contact jaws,

b) With the line connected to the hinge jaws and the load connected to the other|set of contact

jaws,

c) With the lineconnected to one set of contact jaws and the load connected to the hinge jaws,

and

d) Witbthe-tne-connected-to-the-otherset of cantact iawe and tha laad cannact
—HHe—HIe-GoRRectea—+o0—+h tHe-56+0+-60Rtat+aWsSahRate10aa-60RRe6t

jaws.

to the hinge

7.3.1.5 A double-throw switch for use as optional standby systems in accordance with Annex A, Ref. No.

1, shall be tested according to one of the following methods:

a) Subjected to the overload test using both sets of contacts simultaneously. During the test,
the source of one set of contacts shall be displaced 120 electrical degrees from the source of
the other set of contacts for a 3-phase supply or 180 electrical degrees for a single-phase

supply.
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b) If the double-throw switch is provided with a mechanical means to reduce the likelihood of
the load switching from the normal source of supply to an alternate source of supply in one
continuous motion, testing in accordance with 7.3.1.4 shall be permitted.
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Table 19
Endurance test cycles
Switch rating in Number of cycles of Number of cycles of operation
amperes operation per minute? With current Without current Total
100 and less 6 6 000 4 000 10 000
200 5 6 000 2 000 8 000
400 4 1 000 5 000 6 000
600 3 1 000 4 000 5 000
800 2 500° 3 000 3 500
1200 1 500° 2 000 2 500
1600 — 2 500 1 500 2000 2 500°
3 000 — 4 @66 42 466 +1+66 1 500¢
@ The indicated pumber of cycles of operation per minute applies only to that part of the test made with cufrerjt. When no
current is used, fhe switch may be operated at any convenient speed.
b For a switch marked “For isolating use only” (see 9.2.12) the switch is not operated with current in'the endufance test.
¢ For switches rgted over 1 200 A at 250 V or less and marked in accordance with 9.2.12, the tetal.number of|operations is
1000 without cufrent.
d Rate of operation: 1 cycle per minute for first ten operations; thereafter in groups of five {atyicycle per minufe) with an
interval between|groups that is agreeable to all concerned.

7.4.3 For hors
greater — the
motor-running
percent of the

7.4.4 The curr
for a 2-phase,

7.4.5 The end
the overload tg

epower- or kilowatt-rated switches, the endurancectest shall be made wit
rated current of the device or the current selected from the approj
currents stated in Table 20 and 21. A fused motor-circuit switch shall be
current given in Table 20 and Table 21. See also 9.2.4.

ent for the common wire of a 2-phase, 3-wire system is 1.414 times the va
A-wire system.

st to be the most severe (see-7.3.1.4).

h whichever is
priate full-load
tested at 125

ue in Table 20

irance test of a double-throw switch shall be made with the connections thgt are shown by

7.4.6 In determining if a switch complies with the requirements in 7.4, test conditiops shall be as
described in 7.3.2.
Table 20
Endurance-test currents in amperes for alternating-current switches

Switch rating in 120 va 240 V 480 V 600 V

kw hp 1 20 30 10 20 30 19 20 30 19 29 30
4-Wire 4-Wire 4-Wire 4-Wire

0.125  1/6 4.4 - - 2.2 - - - - - - - -
0.187  1/4 5.8 - - 2.9 - - - - - - - -
0248  1/3 7.2 - - 3.6 - - - - - - - -
0.373  1/2 9.8 4.0 4.4 4.9 2.0 2.2 - 1.0 1.1 - 0.8 0.9
0.560  3/4 13.8 4.8 6.4 6.9 2.4 3.2 35 1.2 1.6 2.8 1.0 1.3
0.746 1 16 6.4 8.4 8 3.2 4.2 4.0 1.6 2.1 32 1.3 1.7
1119 1-1/2 20 9.0 12 10 45 6 5.0 23 3 4.0 1.8 2.4
1.492 2 24 11.8 136 12 5.9 6.8 6.0 3.0 3.4 4.8 2.4 27
2.238 3 34 16.6  19.2 17 8.3 9.6 8.5 4.2 4.8 6.8 3.3 3.9
3.73 5 56 26.4 304 28 132 152 14. 6.6 7.6 11.2 5.3 6.1
560  7-1/2 80 38 44 40 19 22 21 9 11 16 8 9

Table 20 Continued on Next Page
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Table 20 Continued

Switch rating in 120 v@ 240 V 480 V 600 V
kw hp 1 20 30 1 20 30 19 20 30 19 20 30
4-Wire 4-Wire 4-Wire 4-Wire
7.46 10 100 48 56 50 24 28 26 12 14 20 10 11
11.19 15 135 72 84 68 36 42 34 18 21 27 14 17
14.92 20 - 94 108 88 47 54 44 23 27 25 19 22
18.65 25 - 118 136 110 59 68 55 29 34 44 24 27
22.38 30 - 138 160 136 69 80 68 35 40 54 28 32
22.84 40 - 180 208 176 90 104 88 45 52 70 36 41
37.30 50 = 226 260 216 113 130 108 56 65 86 45 52
44.76 60 - - - - - 154 - - 77 - 62
55.95 75 - - - - - 192 - - 96 N - 77
74.60 100 - - - - - 248 - - 124 - - 99
9325 125 - - - - - 312 - - 156 - - 125
1119 150 - - - - - 360 - - 180 - - 144
149.2 200 - - - - - 480 - - 240 - - 192
186.5 250 - - - - - - - - 302 - - 242
223.8 300 - - - - - - - - 361 - - 289
261.1 350 - - - - - - — - 414 - - 336
208.4 400 - - - - - - > - 477 - - 382
335.7 450 - - - - - - - - 515 - - 412
373.0 500 - - - - - S - - 590 - - 472
a8 For 127 V ratings, the test is conducted at rated voltage with the“currents in this column.
Table 21
Endurance-test currents in amperes for direct-current switches
Syitch rating 125V 250 V 600 V

kW hp

0.373 1/2 5.4 2.7 -

0.56 3/4 7.6 3.8 -

0.746 1 9.4 4.7 1.8

1.119 1-1/2 13.2 6.6 2.6

1.462 2 17 8.5 3.4

2.238 3 25 12.2 5.0

3.73 5 40 20 8.3

5.60 7-1/2 58 29 12

7.46 10 76 38 16

11.19 15 112 55 23

14.92 20 148 72 31

18.65 25 - 89 89

22.38 30 - 106 46

29.84 40 - 140 61

37.30 50 - 173 75
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made to the load side of the limiting impedance by a 10 AWG (5.3 mm?) copper wire having a
length of 1.22 to 1.83 m (4 to 6 ft). The fuse may be connected to the grounded conductor if the
switch is intended for use on a grounded system.

7.8.7 The overcurrent protection devices specified in 7.8.5 shall be one of the following:

a) For ac rated fused or unfused switches rated 10 kA AIC and less, externally connected
Class H fuses (maximum rating for the case size of the rating specified),

b) For ac rated fused switches rated higher than 10 kA AIC, fuses as described in 7.8.12,

¢) For ac rated unfused switches rated higher than 10 kA AIC, externally connected fuses as
descrihed in 7.8.12, or circuit breakers as marked on the switch, or

d) Forldc rated switches, see 7.8.2.

7.8.8 Performing the test specified in 7.8.5 without overcurrent protective deviegs shall bge permitted if it
can be shown that the test-circuit current was maintained for a period of time_at least equal to the opening
time of the spdcified overcurrent protective devices at the level of current«involved.

7.8.9 For the performance of the test, the line and load terminals ofdhe switch shall be cgnnected to the
corresponding test-circuit terminals by short copper wire leads, maximum 1.22 m (4 ft) per terminal, each
of which has aph ampacity not less than the current rating of the switch. Leads more than [1.22 m (4 ft) in
length may bqg used if the excess length over 1.22 m (4. ft)Ns included in the test circuit when it is
calibrated.

7.8.10 For a switch rated greater than 10 kA AIC that employs an integral fuseholder, a| copper bus or
tube having a|cross-section not smaller than the®lade (or ferrule) of the fuse that thg fuseholder is
intended to acigommodate shall be installed in each fuseholder in the switch. Each of thesg bars or tubes
may be individyally reinforced to enable it to withstand the short-circuit forces. If the fuse igintended to be
secured in plag¢e by bolts, the test shall be-¢conducted with the bolts in place if the bar or fube would not
otherwise remain in position. Otherwise; the test shall be performed with the bolts omitted.

7.8.11 A deadfront switch shallsbe tested when installed in a representative paneldoard, or on a
representative [chassis, in accordance with 7.2.8, except that the cross-section of the main|bus bars need
not be larger than the bus hars‘in the panelboard in which the switch is intended to be uged. The switch
shall be mounted in the~top position and any unused positions in the panelboard may be filled with
additional switg¢hes or closed with filler plates. The line terminals of the panelboard and thg load terminals
of the switch ghall bexconnected to the corresponding test-circuit terminals as specified in 7.8.9, except
the ampacity ¢f the-line leads shall be not less than the ampere rating of the main bus bars of the
panelboard used:in the test

7.8.12 Fuses used in tests for ac ratings shall have characteristics representing the peak let-through
current (I,) and clearing I°t values associated with the maximum rated fuses that the device accepts, or
by which the device is to be externally protected. For an unfused switch, it shall be assumed that
protection will be provided by the maximum fuse in the case size of the indicated fuse. Each of these fuses
shall be of such characteristics that when tested on a single-phase circuit, it will permit a peak let-through
current and a clearing It of not less than the corresponding values specified in the requirements for the
class and current and voltage ratings of the fuse intended for use in the switch being tested. The use of
special test fuses having the required characteristics shall be permitted (see Table 22). The use of special
test fuses of the same physical dimensions as a fuse the enclosed switch is intended to accommodate
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may be used in place of the dummy fuses in the switch. To obtain the required values of these
characteristics, it may be necessary to employ a fuse having a current rating larger than that of the fuse
that the switch accommodates and of a different class.

7.8.13 The fuse referred to in 7.8.12 may be any Class L fuse without regard to its peak let-through
current and clearing 12, if the test current is below the point (threshold value of the fuse) where the fuse
is considered to be current-limiting.

7.8.14 Fuses used for ac tests shall be selected from a lot from which two samples have been selected
and calibrated to determine that their I°t and |, characteristics comply with the prescribed values called for
in 7.8.12. Two samples from the lot shall be calibrated if the fuses are of Class G, J, RK5, C, or T, and
one sample if the fuse is Class L.

7.8.15 Switchjs designed for use with special purpose fuses are to be tested using requirements in this
standard for fhat Class fuse for which the special purpose fuse is marked as. haying the same
performance specifications.

7.8.16 With the device in the fully closed position, the test circuit shall be closed on the device. For
devices tested|on a single-phase alternating current circuit, controlled closing shall be employed so that
maximum current flow (l,) is obtained. The closing angle shall be essentially at the zerq of the voltage
wave (maximum offset) or later, to produce the start of arcing within<30 €lectrical degrees prior to system
peak voltage.

Table 22
Peak-let-through currents and glearing 1%t for fuses

Fuse rating, | Bptween threshold and 100 kA 200 kA 300 kA
amperes 50 kA
b x 103 I’t x 10° I, x 103 It x 103 I, x 103 I’t x 10° I, x 10 I’t x 103
Class C Fuses
0-30 - - 5 - 12 15
31 -60 - - - - 20 60
61 — 100 - - - - 30 200
101 — 200 - - - - 40 750
201 — 400 - — - - 70 4000
401 — 600 - — - - 100 10000
601 — 800 - - - - 115 25000
801 — 1200 - - - - 125 40000

Class CA Fuses

0-30 - - - - 8 6

Class CB Fuses

0-30 - - - - 10 10
31 -60 - - - - 15 60

Class CC Fuses

0-15 3 2 3 2 4 3
16 - 20 3 2 4 3 5 3
21 -30 6 7 7.5 7 12 7

Class CF Fuses

Table 22 Continued on Next Page
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Table 22 Continued

Fuse rating, | Between threshold and 100 kA 200 kA 300 kA
amperes 50 kA
I, x 10° 1’t x 108 I, x 103 1%t x 103 1, x 10° 1t x 108 I, x 103 1%t x 103

0-30 6 7 7.5 7 12 7 18.5 8.4

31 -60 8 30 10 30 16 30 24.4 36
61— 100 12 60 14 80 20 80 28.4 96

Class G Fuses

0-15 - - 4 3.8 - -

16 — 20 - - 5 5 - -

21 - 30 - = 7 = =

31 -60 - - 10.5 25 - -

300-Volt Class T Fuses

0-30 5 3.5 7 3.5 9 3.5
31 -60 7 15 9 15 12 15
61— 100 9 40 12 40 15 40

101 — 200 13 150 16 150 20 150

201 - 400 22 550 28 550 35 550

401 - 600 29 1000 37 1000 46 1000

601 — 800 37 1500 50 1500 65 1500

801 — 1200 50 3500 65 3500 80 4000
Class J and 600-Volt Class T Fuses

0-30 6 7 7.5 7 12 7 18.5 8.4
31 -60 8 30 10 30 16 30 24.4 36
61— 100 12 60 14 80 20 80 28.4 96

101 — 200 16 200 20 300 30 300 424 360
201 — 400 25 1000 30 1100 45 1100 66.4 1320
401 - 600 35 2500 45 2500 70 2500 101.4 3000
601 — 800 50 4000 55 4000 75 4000

Class L Fuses
601 — 800 80 10000 80 10000 80 10000 79.2 12000
801 — 1200 80 12000 80 12000 120 15000 107.8 18000
1201 — 1600 100 22000 100 22000 150 30000 143 36000
1601 — 2000 110 35000 120 35000 165 40000 158.4 48000
2001 — 2500 - - 165 75000 180 75000 170.5 90000
2501 — 3000 — - 175 100000 200 100000 225.5 120000
3001 — 4000 = = 220 T50000 250 T50000 286 180000
4001 — 5000 - - - 350000 300 350000 286 420000
5001 — 6000 - - - 350000 350 500000 399.3 600000
Class RK5 Fuses?

0-30 11 50 11 50 14 50 21 60
31 -60 20 200 21 200 26 200 35 240
61— 100 22 500 25 500 32 500 40 600
101 — 200 32 1600 40 1600 50 2000 62 2400

201 - 400 50 5200 60 5000 75 6000 90 7200

Table 22 Continued on Next Page
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Table 22 Continued
Fuse rating, | Between threshold and 100 kA 200 kA 300 kA
amperes 50 kA
I, x 10° 1?t x 108 I, x 103 12t x 103 1, x 10° 1’t x 108 I, x 103 12t x 103
401 - 600 65 10000 80 10000 100 12000 124 14400
2 The value for a Class RK5 fuse is to be used when a Class RK1 fuse is specified for overcurrent protection.

7.9 Low-level

dielectric voltage-withstand test

7.9.1 Unless the same sample is to be subjected to the closing test, a switch that has been subjected to

the short-circui
be twice the r

7.10 Short-ci
7.10.1 A switd

which the swit
7.8.5(a) — 7.8.1

ed voltage of the switch but not less than 900 V.
cuit closing test

h shall be closed on a circuit capable of providing the maximum short-cir
th is rated. After the circuit has cleared, the switch shall cemply with the r

(f).

7.10.2 The sample for this test shall be either that used for the shart:Circuit withstand test

untested samp
test, see 7.8. (

7.10.3 The die
7.11 Strength

7.11.1 The ing
of conductors

For a switch m
the highest tor

7.11.2 Damag
recesses, or O
bend or twist; g
is acceptable if
permanent def

le. The conditions of the closing test shall be the<same as for the short-c
omplete physical closure of the switch contacts need not be established.

lectric voltage-withstand test described in/:9 shall be performed following t
of insulating base and support test

ulating base of a switch shall nétbe damaged when wire connectors securin
bf rated ampacity are tightengd to 110 percent of the torque value marked
arked for use with coppgr/aluminum conductors, the wire connectors shall

jue value of either conductor.

b is considered.to_have occurred if the base insulating material cracks or rot
her means tg_prevent turning do not perform their intended function; if stra
r if members-move at electrical joints. Minor chipping or flaking of brittle ins
the performance is not otherwise impaired. Momentary flexing of metallic m
brmation-is acceptable.

st voltage shall

cuit current for
equirements of

or a previously
rcuit withstand

he closing test.

g short lengths
on the switch.
be tightened to

ates; if bosses,
ps or bus bars
Ilating material
bmbers without
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7.12.6 Other tests

7.12.6.1 If an electrical tripping mechanism affects the parts involving the mechanical or arcing
characteristics of an enclosed switch because of its proximity to such parts, the switch with the electrical
tripping mechanism installed shall be subjected to the overload and endurance tests.

7.13 Mold stress relief test

7.13.1 Except for rigid thermosetting materials, conditioning of the equipment as described in 7.13.2 shall
not cause softening of the material as determined by handling immediately after the conditioning, nor shall
there be any shrinkage, warpage, or other distortion as judged after cooling to room temperature, that
results in any of the following:

a) Redluction of spacings between uninsulated live parts of opposite polarity, unitJsulated live
parts gnd accessible grounded metal, uninsulated live parts and the enclosure bejow the
minimym acceptable values,

b) Making uninsulated live parts or internal wiring accessible to contact; or defealing the
integrity of the enclosure so that unacceptable mechanical protection®is not afforded to internal
parts df the equipment, and

¢) Caysing interference with the intended operation or sgfvicing of the equipment

7.13.2 One cdmplete switch shall be placed in a full-draft.circulating-air oven maintaingd at a uniform
temperature af least 10°C higher than the maximum tempetrature of the material measyred during the
temperature test, but not less than 70°C in any case. The sample shall remain in the oven for 7 hours.
After its remoyal from the oven and return to room«temperature, the sample shall be iphvestigated for
compliance with 7.13.1.

7.14 Insulating barriers test
7.14.1 With repard to the 6.6.2.5, 6.6.2.7,~and 6.6.2.8(b), the barrier material shall be placgd between two
metal electrodgs. The electrodes shall be cylindrical brass or stainless steel rods 6.4 mm (1/4 inch) in
diameter with ¢dges rounded to a:0.8 mm (1/32 inch) radius. The test potential shall be increased to the

test value and|shall be maintained for 1 second. The result shall be acceptable if there fis no dielectric
breakdown.

8 Ratings

8.1 General

8.1.1 A general-use switch shall be rated in amperes and volts and may, in addition, be rated in
horsepower or kilowatts. A fused motor-circuit switch shall be rated in horsepower or kilowatts and volts
and also in maximum full-load amperes. A short-circuit-current rating of a switch shall be in accordance
with 9.2.14 — 9.2.25.
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8.1.2 A double-throw switch intended for use as optional standby systems in accordance with Annex A,
Ref. No. 1, shall be rated in full load ampere and volts, and may be additionally rated in horsepower.

8.2 Current

8.2.1 The current rating of a general-use switch shall be 15, 20, 30, 60, 100, 200, 400, 600, 800, 1 200,
1 600, 2 000, 2 500, 3 000, 3 500, or 4 000 A.

8.2.2 The maximum full-load current rating (see 8.1.1) of a fused motor-circuit switch shall be the whole
number nearest to 125 percent of the appropriate value selected from Table 20 or Table 21, but the
horsepower or kilowatt rating shall be such that the maximum full-load current rating will not be more than

87 percent of t
8.3 Voltage
8.3.1 A switch

a) DC
increm|

b) AC
690; a
voltagq

8.3.2 Table 25
where all of thq

one or more ¢f the applicable ratings shown for avswitch having fewer poles. The rg

applicable dep
8.3.3, the 120/
3-wire ac or dg

8.3.3 A 3-wirg
120/240 V ac,

a) The
b) If th

switch
rating

he current rating of the fuseholder.

shall have one or more of the following voltage ratings;

125, 125/250, 160, 200, 200/400, 250, 400, 500, 600, and 650 to 1000 vd
ents;

120, 127, 120/240, 208, 208Y/120, 240, 277, 347, 480Y/277, 480, 600Y/3
nd 700 to 1000 volts in 50 volt increments. In additien) any wye connected
with the above mentioned values is also acceptable.

provides various voltage ratings for a given type of switch. To indicate its
poles of the switch will not be used, a switch may have, in addition to the 3

end upon the fusing, spacings, anddtest performance of the switch. Exce
system having a grounded neutral.

switch having three blades and three fuses may have an additional v
or 125/250 V dc, under the following conditions:

switch nameplate carries the applicable standard voltage rating,
e switch nameplate carrying the standard voltage rating appears on the oy

enclosurejthe nameplate shall be marked “For special water-heater applic
nsideZ,

c) The

Its in 50 volt

47, 600, 650,
system

use on circuits
tandard rating,
ting or ratings
pt as noted in

P40 V ac and the 125/250 V dc rating is applicable only to a switch intended for use on a

ltage rating of

tside of the
ations, see

additional voltage rating appears on a wiring diagram showing the use of

he switch on

a 2-wire 240 V (or 250 V) water-heater circuit derived from an Edison 3-wire system having a
grounded neutral, with auxiliary equipment to provide off-peak service to a dual element water

heater,

and

d) The switch performs acceptably when subjected to the tests appropriate for the additional

rating.
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Table 25

Permissible voltage ratings of enclosed and deadfront switches

Switch configuration

Voltage rating

Number of wires

Number of blades

Number of fuses

Direct current Alternating current

1

1

1 or none

125 120
127

1 with
solid neutral

1 or none

125 120
127
2502 2402
347

125 120
127
2502 2402

2
2

1, 2, or none

1 or none
2 or none

120
127
126 120/240

125/250 2402
2502 4802
6002 6002
7502 -
10002 10002

2 with
solid neutral

2 or nane

120

125/250 127
120/240
220Y/127

2402

120
125/250 127
120/240
220Y/127
2402

None

120
120/240
125/250 2402
4802
6002
10002

120
2402
4802
6002

3 with
solid neutral

3 or none

2402
4802
6002
10002

2402
4802

Table 25 Continued on Next Page
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Table 25 Continued

Switch configuration

Voltage rating

Number of wires

Number of blades

Number of fuses

Direct current

Alternating current

6002
10002

4 or none

none

120
2402
4802
6002
10002

4 with
solid neutral

4 or none

120/240

@ These ratings afe not applicable to switches having plug fuses.

8.4 Horsepower or kilowatts

8.4.1 The hordepower or kilowatts rating of a switch shall be one of valués indicated in Taple 20 or Table

21.

8.4.2 The hordepower or kilowatts rating of a switch incorporating/fuseholders shall not be

indicated in Taple 26.

Table 26

Power ratings of fused switches

higher than as

Fuse- Swifch Power ratings, kilowatts (horsepower)
holder, | rating in .
2-pole single-phase 2-pole DC 3-pole, 3-phase 4-podle, 2-phase
amps volts Standard Maximum2.\Standard Maximum? | Standard Maximum? | Standajd Maximum?
15 120 —{127 0.124 0.249 (1/3) - - 0.373 0.56 (3/4) | 0.56 (34) 1.119
Ad (1/6) (1/2) (1-1/2)
20 120 —{127 0.186 0.873 (1/2) - - 0.56 (3/4)  0.746 (1) | 0.746 (|I) 1.492 (2)
Ad (1/4)
30 120 AC 0.373 1.492 (2) 1.119 2.238 (3) 1.492 (B) 2.238 (3)
(172) (1-1/2)
127 AC
60 120 AC 1.119 2.238 (3) 2.238 (3) 5.60 (7-1/2) | 2.238 (B)  7.46 (10)
=12y
127 AC
15 125 DC - - 0.746 (1)  0.746 (1) - - - -
30 120 - 127 0.373 1.492 (2) - - 0.56 (3/4) 0.746 (1) | 0.746 (1) 1.492 (2)
AC (1/2)
30 125 DC 1.492 (2) 2.238 (3)
60 125 DC 3.73 (5)
15 240 AC 0.373 0.746 (1) - - 0.746 (1) 1.492 (2) 1.119 2.238 (3)
(1/2) (1-1/2)

Table 26 Continued on Next Page
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Table 26 Continued

Fuse- Switch Power ratings, kilowatts (horsepower)
holder, | rating in .
2-pole single-phase 2-pole DC 3-pole, 3-phase 4-pole, 2-phase
amps volts Standard Maximum? | Standard Maximum? | Standard Maximum? | Standard Maximum?
20 240 AC | 0.56 (3/4) 1.119 - - 1.119 2.238 (3) 1.462 (2) 3.73 (5)
(1-1/2) (1-1/2)
30 240 AC 1.119 2.238 (3) 2.238 (3) 5.60 (7-1/2) | 2.238 (3) 7.46 (10)
(1-1/2)
60 240 AC | 2.238 (3) 7.46 (10) 5.60 11.19 (15) 5.60 14.92 (20)
(7-1/2) (7-1/2)
100 240 AC 5.60 11.19 (15) 11.19 (15) 22.38 (30) | 11.19,(15) 22.38 (30)
(7-1/2)
200 240 AC | 11.19 (15) 18.65 (25) 44.76 (60) | 22738 (30) 37.30 (50)
400 240 AC 37.30 (50) 93.25 (125)/| 37.30 (30)
600 240 AC 55.95 (75) 149:2\(200)
800 240 AC 74.60 186.5 (250)
(100)
15 250 pC - - 1.462 (2) 1.462 (2) - - - -
20 250 pC - - 2.238 (3) 2.238 (3) - - - -
30 250 pC 3.73 (5)
60 250 pC 7.46 (10)
100 250 pC 14.92 (20)
200 250 pC 29.84 (40)
400 250 pC 37.30 (50)
15 480 AC 1.119 2.238 (3) - - 2.238 (3) 3.73 (5) 2.238 (B) 5.60 (7-1/2)
(1-1/2)
20 480 AC | 1.462 (2) 3.735) - - 2.238 (3) 5.60 (7-1/2) | 3.73 () 7.46 (10)
30 480 AC | 2.238 (3) 5.60/(7-1/2) 3.73 (5) 11.19 (15) 5.60 14.92 (20)
(7-1/2
60 480 AC 3.7345) 14.92 (20) 11.19 (15) 22.38 (30) | 11.19 (15) 29.84 (40)
100 480 AC | 746 (10) 22.38 (30) 18.65 (25) 44.76 (60) | 18.65 (45) 37.30 (50)
200 480 AC. | 18.65 (25) 37.30 (50) 37.30 (50) 93.25 (125) | 37.30 (30)
400 480 AC 7466 186.5-(250)
(100)
600 480 AC 111.9 298.4 (400)
(150)
800 480 AC 149.2 373 (500)
(200)
15 600 AC - - - - 2.238 (3) 5.60 (7-1/2) | 2.238 (3) 5.60 (7-1/2)
20 600 AC - - - - 3.73 (5) 7.46 (10) 3.73 (5) 7.46 (10)
30 600 AC | 2.238 (3) 7.46 (10) 5.60 14.92 (20) | 7.46 (10) 18.65 (25)
(7-1/2)
60 600 AC | 7.466 (10) 18.65 (25) 11.19 (15) 37.30 (50) | 14.92 (20) 37.30 (50)

Table 26 Continued on Next Page
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Table 26 Continued
Fuse- Switch Power ratings, kilowatts (horsepower)
holder, | rating in .
2-pole single-phase 2-pole DC 3-pole, 3-phase 4-pole, 2-phase
amps volts Standard Maximum? | Standard Maximum? | Standard Maximum? | Standard Maximum?
100 600 AC | 11.19 (15) 29.84 (40) 22.38 (30) 55.95 (75) |22.38 (30) 37.30 (50)
200 600 AC |22.38 (30) 37.30 (50) 44.76 (60) 111.9 (150) | 37.30 (50)
400 600 AC 93.25 261.1 (350)
(125)
600 600 AC 149.2 373 (500)
(200)
800 600 AC 186.5 373 (500)
(250)
15 600 pC - - 3.73 (5) 3.73 (5) - - - -
20 600 pC - - 5.60 5.60 (7-1/2) - - - -
(7-1/2)
30 600 pC 7.466 (10) 11.19 (15)
60 600 pC 18.65 (25) 22.38 (30)
100 600 pC 29.84 (40) 37.30 (50)
200 600 pC 37.30 (50)
2 See 9.2.8 and P.2.9.

8.4.3 In additiq

n to the horsepower or kilowatt ratings:-eorresponding to the number of polgs provided, as

shown in Tabl¢ 26, a switch may have a horsepower or kilowatt rating or ratings applicaple to a switch

having the sa
acceptable for

8.4.4 The hor{
and fuseholder

me size fuseholders but fewer-poles if, upon investigation, the switch
the assigned rating.

epower or kilowatt ratings*of fused motor-circuit switches shall be related
ratings on the same basis as the ratings of fused switches, in accordance

s found to be

to the voltage
with Table 26.
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8.5 Short-circuit current

8.5.1 The short-circuit current rating of a switch shall be one or more of the values shown in Table 27 or
28. The short-circuit current rating of a switch shall not be greater than the interrupting rating of the
specified overcurrent protective devices. The rating shall be 10 000 A for plug, Class H, and Class K
fuses. An alternating current rating shall not be less than 50 000 A for Class CC, CF, G, J,L, R, C,or T
fuses.

Table 27
Alternating current short-circuit current rating, rms

Symmetrical amperes

50002 250002 850002

75002 300002 1000002
10000 350002 125000

140002 420002 1500002
180002 50000 2000002
220002 65000 300000°

@ These short-gircuit current ratings shall only be employed when circuit breakers are specified.
P This short-cirfuit current rating is not applicable in Canada and Mexico.

Table 28
Direct current short-circuit current ratings

Direct current amperes

50002 20000
75002 50000
10000 100000

2 These short{circuit current ratings shall only be-employed when circuit breakers are specified.

9 Marking
9.1 General

9.1.1 All markings shall be.inrthe appropriate language for the country in which the switch will be installed.
A manufacturef shall be‘permitted to choose to utilize multiple languages on a switch.

Note: Ip Canada, there are two official languages, English and French. Annex C lists adceptable French
translatTons of the markings specified in this Standard. All markings required by this Standard may have to be in
other languages to conform with the language requirements where the product is to be used.
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9.2.36 The marking “Service disconnect”, which identifies the service disconnecting switch, required by
9.2.35, shall appear on or adjacent to the switch handle.

9.2.37 Enclosed switches constructed in accordance with 9.2.34 shall be provided with a tag, instruction
sheet, or the equivalent indicating how the bond is to be removed when required by the electrical
inspection authorities (for example, Where electrical inspection authorities require the neutral assembly to
be disconnected from the enclosure...”).

Note: *Each manufacturer should add specific instructions applicable to the particular construction.

9.2.38 An enclosed switch that is intended for use as service equipment and does not have the neutral
bonded to the enclosure at the factory shall be marked, ”"Suitable for use as service equipment”.

9.2.39 An endosed switch marked “Suitable for use as service equipment” shall be)grovided with a
marking, “Senvice Disconnect” in the form of a pressure-sensitive label in an envelopeler on a card, with
instructions to ppply near the disconnect handle if the equipment is used as service gquigment.

9.2.40 The mgrking mentioned in 9.2.34 — 9.2.38 shall be an integral part of the marking| containing the
manufacturer's] name, or equivalent, unless it is an integral part of anothér required marking of the
enclosed switch.

9.2.41 If the electrical safety features, including performance and\spacing to grounded metal parts of a
switch, are degendent upon the proper connection of line and load conductors, the marking shall indicate
plainly the proper connections, except that a double-throw switch need not be so marked,

9.2.42 The wgrds “line” and ”load” are usually employed to indicate the proper connpctions. If it is
impracticable tp place such markings at terminals because connections vary for different systems, a wiring
diagram attached to the inside of the enclosure.shall be acceptable if it indicates clearly the proper
connections.

9.2.43 A doublle-throw switch having fuses;in series with one or both sets of stationary jaws shall be
marked to indigate that when installed as,a transfer device between two sources of power pnd a common
load, the fuses| may be energized even if the switch is in the middle (off) position.

9.2.44 Fixed teérminal parts of-a_30 A switch shall be marked for identification unless thg terminal parts
intended for thg connection.of\the grounded conductor are clearly evident. The terminals iptended for the
grounded conductor shallbe identified by means of a metal-plated coating substantially white in color, or
the terminals may be ©of\a material substantially white in color. The other terminals shall be of a readily
distinguishable| different color.

9.2.45 |If pressurederminal connectors are not provided on the equipment as shipped, the equipment shall
be marked stating which pressure terminal connector or component terminal assemblies are for use with
the equipment. A wire connector of the type or types mentioned may be installed on the equipment at the
factory with instructions, if necessary, to effect proper connection of the conductor or conductors. The
terminal assembly packages shall carry an identifying marking, wire size, and manufacturer's name or
trademark.
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9.2.46 If a terminal is omitted in accordance with 6.7.2.14, the switch and the equipment intended to be
connected to it shall each be marked to indicate that one is to be used with the other. Both pieces of
equipment shall also identify, by a marking or the equivalent, the means by which connections between
them should be made.

9.2.47 If, in accordance with 6.1.3 or 6.1.7, an accessory is shipped from the factory separately from or
included with the switch for which it is intended to be used:

a) The accessory or kit shall be marked with its own catalog number or the equivalent and with
the name or trademark of the manufacturer and, except for neutral assemblies, with the
electrical rating.

ate the catalog number or the equivalent of each of the
accesgories or kit(s) that are for use with it. In the case of neutral assemblies, thg switch shall
also b¢ marked with an indication of the voltage ratings for which the neutrakassembly must be
used.

¢) Installation instructions shall be furnished with the accessory or kit. Instructiong for wiring of
an accessory or kit and installation of barriers and/or jumpers shall b€ permanent|y attached to
the en¢losed switch or to the accessory so as to be visible afterinstallation. Also,|see 6.1.7(e).

rminals mentioned in 6.12.3 and 6.12.4 are required\but are not supplied with the enclosed
losed switch shall be marked with a catalog number of a kit including the terminals, or
ing the wire size of terminals required, and instfuctions for assembly in thg enclosure.

9.2.48 Ifthe t
switch, the en
information sta

9.2.49 If a terminal is acceptable for the connection of iore than one conductor and is infended for such
use, the marking shall indicate the proper connections

9.2.50 If any terminal of a switch is marked to indicate that aluminum wire may be used 3t that terminal,
such as by being marked with the symbol “Al%-and if such marking is visible, the switch shall be marked
in accordance with 9.2.52, 9.2.53, or 9.2.54,*whichever applies.

9.2.51 The term “visible” signifies a marking that will be visible when a front, trim, or a hipged cover has
been opened ¢r removed. A marking on a separately supplied connector or a connector|or part thereof
that is likely to|be removed or.displaced during the wiring operation is considered to be vigible.

9.2.52 If, becajuse of wiring:space or other factors, a terminal is not for use with aluminum yire, the switch
shall be marked, “Use-copper wire only”.

9.2.53 If the wiring,space and other factors are such that all terminals of the switch afe for use with
aluminum and lcopper wire, the enclosed switch shall be marked, “lUise copper or aluminum wire”.

9.2.54 If the wiring space and other factors are such that some terminals of the switch are for use with
aluminum and copper wire and the remainder of the terminals are for use with copper wire only, the switch
shall be marked “Use copper wire only except at terminals ”. The marking shall positively identify
the terminals that are for use with aluminum wire.
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ANNEX A (normative)

Referenced Standards

Where reference is made to other organization’s standards, such reference shall be considered to refer to
the latest edition and all amendments published to that edition up to the time when this standard was

approved.
Ref. No. United States Canada Mexico
1 ANSI/NFPA 70, National Electrical | CSA C22.1, Canadian Electrical Code, Part | NOM-001-SEDE, Electrical
Code | installation (uﬁ”ty)
2 ASTM D3638, Standard Test CSA C22.2 No. 0.17, Evaluation of No equivalgnt
Method for Comparative Tracking | Properties of Polymeric Materials
ndex of Electrical Insulating
Materials
3 ASTM D3874, Standard Test CSA C22.2 No. 0.17, Evaluation of No equivalgnt
Method for Ignition of Materials by | Properties of Polymeric Materials
Hot Wire Sources
4 UL 50, Standard for Enclosures for | CSA C22.2, No. 94-1 — Enclosures\for NMX-J-235(1-ANCE,
Flectrical Equipment, Non- Electrical Equipment, Non-Environmental Enclosures|for electrical
FEnvironmental Considerations Considerations equipment { Part 1
General requirements
NMX-J-235[2-ANCE,
Enclosures|for electrical
equipment { Part 2
Specific requirements
5 UL 94, Standard for Test for CSA C22:2:No. 0.17, Evaluation of No equivalgnt
Flammability of Plastic Materials Properties’of Polymeric Materials
or Parts in Devices and
Appliances
6 UL 486A-486B, Standard for Wire ~[{\€SA C22.2 No. 65, Wire Connectors No equivalgnt
[Connectors
7 UL 969, Standard for Markingand | CSA C22.2 No. 0.15, Adhesive Labels No equivalgnt
| abeling Systems

Table Continued on Next Page
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Table Continued

Ref. No. United States Canada Mexico
8 UL 4248-1, Standard for CSA C22.2 No. 39, Fuseholder NMX-J-098/4248/1-ANCE,
Fuseholders — Part 1: General Assemblies, or as applicable
Requirements CSA C22.2 No. 4248.1, Fuseholders,
General Requirements
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Preface

This is the harmonized ANCE, CSA Group, and UL standard for Enclosed and Dead-Front Switches. It is
the Fourth edition of NMX-J-162-ANCE, the Eighth edition of CSA C22.2 No. 4, and the Fourteenth edition
of UL 98. This harmonized standard has been jointly issued February 12, 2016.

This harmonized standard was prepared by the Association of Standardization and Certification (ANCE),
CSA Group, and Underwriters Laboratories Inc., (UL). The efforts and support of the Technical
Harmonization Committee for Enclosed Switches, of the Council on the Harmonization of Electrotechnical
Standards of the Nations of the Americas (CANENA), are gratefully acknowledged.

This standard is considered suitable for use for conformity assessment within the stated scope of the
standard.

This standard yas reviewed by the CSA Subcommittee on Enclosed and Dead-Front Swit¢hes, under the
jurisdiction of fhe CSA Technical Committee on Industrial Products and the ‘GSA Strategic Steering
Committee on Requirements for Electrical Safety, and has been formally approved by the [CSA Technical
Committee.

This standard has been approved by the American National Standards-institute (ANSI) gs an American
National Standard.

Where referenfe is made to a specific number of samples, tarbe tested, the specified nimber shall be
considered a minimum quantity.

Note: Although the intended primary application of this stdndard is stated in its scope, it is important to hote that it remains
the resppnsibility of the users of the standard to judgéts suitability for their particular purpose.

Level of harmpnization

This standard yises the IEC format but js hot based on, nor is it considered equivalent to, af IEC standard.
This standard s published as an equivalent standard for ANCE, CSA Group, and UL.

An equivalent $tandard is a staridard that is substantially the same in technical content, ex¢ept as follows:
Technical natipnal differences_are allowed for codes and governmental regulations as| well as those
recognized as peing in accordance with NAFTA Article 905, for example, because of fundamental climatic,
geographical, echnological, or infrastructural factors, scientific justification, or the level of|protection that
the country copsiders.appropriate. Presentation is word for word except for editorial changes.

Reasons for differences from IEC

The THC determined the safe use of enclosed and dead-front switches is dependent on the design and
performance of the products in relation to the North American Electrical Codes with which they are
intended to be installed.

Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural
rules of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.
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1 Scope

1.1 These requirements cover individually enclosed air switches, rated 4000 A or less at 600 V or less,
having all current-carrying parts enclosed, manually operable by means of external handles, and intended
to be employed in accordance with the national installation codes listed in Annex A, Ref. No. 1.

1.2 As used in this Standard, the term switch is intended to mean an enclosed switch or deadfront switch
unless specifically stated otherwise.

1.3 These requirements also cover deadfront switches that have all current-carrying parts enclosed when
mounted in an enclosed panelboard, deadfront switchboard, or the like. These switches are manually
operable by means of external handles and are intended to be employed in accordance with the national

installation co

es listed in Annex A, Bef. No. 1

1.4 These req
branch circuit,

1.5 The follow
protection:

a) Carntridge Fuses (Ref. Annex B, Low-Voltage Fuses — Pafis T — 10, 12 and 15

b) Plu

c) Spe
Class

1.6 These req
with or without
and having ho

1.7 These req
Annex A, Ref.

1.8 These req
employing Cla

1.9 These req
their acceptab
equipment as f

feeder, and service overcurrent protection.

ng fuses are deemed suitable for use as branch circuit, feeder;"and serv

) Fuses (Ref. Annex B, Low-Voltage Fuses — Parts 1 and 11), and

cial Purposes Fuses marked as meeting the performance specifications of
-use.

irements cover enclosed switches.intended for general use and having &
horsepower or kilowatt ratings, and enclosed switches intended for motor-
sepower or kilowatt ratings but\no general-use ampere ratings.

Lirements cover doublesthtow switches intended for use in optional standb
No. 1).

lirements cover-fused electrically tripped switches rated over 600 A and rate
5s J, R or T fuses.

lirements also cover electrically tripped switches that have been investigate
lity fersground-fault protection when combined with ground-fault sensin
ollows:

Lirements cover enclosed switches with or without provision for fuses.suit@ble for use as

ce overcurrent

a specific

mpere ratings,
Circuit use only

systems (see

d 600 A or less

d to determine
) and relaying

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

switch.

b) Switches for use with Class Il ground-fault sensing and relaying equipment are capable of
interrupting 10 times their rated current and are for use in ground-fault protection systems in
which means to prevent disconnecting at levels of fault current exceeding the contact
interrupting capability of the switch are incorporated within the ground-fault sensing and relaying
equipment when combined with Class | and Il ground-fault sensing and relaying equipment.
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1.10 These requirements do not cover:

a) Common forms of snap switches,

b) Switches having features intended primarily for the starting and protection of motors,
including the switches arranged to shunt out fuses during the starting of motors,

c) Switches provided with automatic trips for opening them and constructed to afford overload
protection without other circuit breakers or fuses,

d) Devices in which the pulling of fuses or the removal of a detachable pullout member is
designed to accomplish a switching operation, or

e) Cirguit breakers, molded-case switches, magnetic-only circuit interrupters, instlintaneous-only

circuit

2 Normative References

2.1 Where ref
editions and re

2.2 Products d
noted in this cl
intended for u
standards for g

2.3 In Canadq
bonding requir

3 Componentis

3.1 Except as
requirements f
in the products
standards as 3

3.2 A compon

a) Inv
produd

visions thereto available at the time of printing, unless otherwise specified

ause as appropriate for the country where the product is to be used. Wher
e in more than one country, the product shall’comply with the installat

. general requirements are as indicated\in Annex A, Ref. ltem No. 12, and
bments are as indicated in Annex A,‘Ref. ltem No. 13.

br that component. See Annex B for a list of standards covering components

ent is not réquired to comply with a specific requirement that:

reakers, and supplementary protectors.

rence is made to any Standards, such reference shall be eonSidered to re

overed by this standard shall comply with the referénged installation codes

Il countries where it is intended to be used.

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

covered by this standard. A component shall comply with the ANCE, CSA
ppropriate for the_country where the product is to be used.

blves<arfeature or characteristic not required in the application of the compd
t covered by this standard, or

er to the latest
See Annex A.

and standards

the product is
on codes and

grounding and

omply with the
generally used
A\ Group, or UL

nent in the

b) Is superseded by a requirement in this standard.

3.3 A component shall be used in accordance with its rating established for the intended conditions of

use.
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3.4 Specific components are incomplete in construction features or restricted in performance capabilities.
Such components are intended for use only under limited conditions, such as certain temperatures not
exceeding specified limits, and shall be used only under those specific conditions.

4 Units of Measurement

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

5 Definitions

5.1 ACCESSORY - a device that performs a secondary or minor duty as an adjunct or refinement to the

primary or maj

r duty of a unit of equipment

5.2 AIR SWIT
of guided sep3

5.3 AMBIENT
the exterior of

5.4 AUXILIAR
signaling, inter|

5.5 AUXILIAR
arrangements

”

//a _ (
contac

/Ib// — (
contac

5.6 AVAILABL
given circuit pg

5.7 CARTRID
contacts on bo|

5.8 CLEARIN(
result of currer

DH — a switching device designed to close and open one or more electric eir
rable contacts that separate in air.

TEMPERATURE - the temperature of the surrounding medium that comes
he switch enclosure.

ocking, or other purposes.

o~

Y SWITCH contacts may be designated as “a”. or

may be used:

ontacts that are open when the switch\contacts are open and closed wher
s are closed.

Jontacts that are closed when the switch contacts are open and open wher
s are closed.

E FAULT CURRENT = the maximum current that the power system can de
int to any negligible-impedance short-circuit applied at that point.

5E FUSE —.a‘fuse consisting of a current-responsive element inside a
th ends.

b 1t (AMPERE-SQUARED SECONDS) — the measure of heat energy d
t flow between the time that current begins to flow and until the fuse clea

stands for the

Cuits by means

in contact with

Y SWITCH — a switch mechanically operated by the<mnain switching devicg¢ for switching,

”b” as indicated below, bulit other contact

the switch

the switch

liver through a

use body with

eveloped as a
s the circuit. 12

square of the effective (rms) let-through current and t stands for the time of

current flow in

seconds.

5.9 CLEARING I2t (OF A FUSE) — the amount of ampere-squared seconds passed by a fuse during total

clearing time u

nder specified conditions.


https://ulnorm.com/api/?name=UL 98 2023.pdf

FEBRUARY 12, 2016 NMX-J-162-ANCE-2016 ¢ CSA-C22.2 NO. 4-16 ¢ UL 98

5.10 CURRENT-LIMITING FUSE (AC) — a fuse that safely interrupts all available currents within its
interrupting rating and, within its current-limiting range, limits the clearing time at rated voltage to an
interval equal to or less than the first major or symmetrical current loop duration and limits peak let-through
current to a value less than the peak current that would be possible with the fuse replaced by a solid
conductor of the same impedance.

5.11 CURRENT-LIMITING FUSE RATING — a rating expressed in terms of three characteristics that
measure the degree by which the fuse limits current. These are threshold ratio, maximum peak let-through
current, and maximum clearing 1.

5.12 CURRENT RATING - the designated maximum direct or alternating operating current in rms

amperes at rated frequency for which the switch qualifies under specified test conditions.

5.13 DEADF
an enclosed

5.14 DETACH
reinsertion of g

5.15 DIELECT
to withstand sg

5.16 DOUBLE
obtained by op

5.17 DUMMY
its fuse mount
obtained on te

5.18 ELECTR
contact openin
manual operat

5.19 ENCLOS
current-carryin
hinged pullouts
pullouts).

5.20 ENCLOS
completely eng

NT SWITCH - a switch that has all current-carrying parts enclosed when

;Iiﬁelboard, deadfront switchboard, or the like.

ABLE PULLOUT - a type of pullout switch that is operated A&y)physica
detachable pullout member.

RIC TESTS - tests made to determine the ability of insulating materials and
ecified overvoltages.

- THROW SWITCH — a switch by means of whjch<a change in circuit conn
erating the switch into either of two closed paesitions or into an open positia

FUSE — a current-carrying part made of.8opper and having dimensions su
ng means with the same conditions of\pressure, contact, and cross-secti
minals of the fuse that it is intendeddo replace. A dummy fuse is not a prg

t is mounted in

| removal and

spacings used

ections can be
n.

ch that it will fit
bn area as are
tective device.

CALLY TRIPPED SWITCH — ‘a-switch whose closing is performed manually, but whose

j may be performed by a refease which is energized by a voltage source in
ng means.

addition to the

ED PULLOUT SWITFCH — a pullout switch, with or without fuseholdgrs, having all

) parts completely_enclosed when the hinged cover is in the closed position
) or when the‘detachable member is in the installed position (in the case

ED SWITCH — a switch, with or without fuseholders, having all current
losed; that is operable without opening the enclosure.

(in the case of
of detachable

-carrying parts

5.21 ENCLOSURE - a surrounding case constructed to provide a degree of protection to personnel
against incidental contact with the enclosed equipment and to provide a degree of protection to the
enclosed equipment against specified environmental conditions.

5.22 FUSE - a protective device that opens by the melting of a current-sensitive element during specified
overcurrent conditions.
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5.23 FUSE CLIPS - the contacts of the fuseholder that support the fuse and connect the fuse terminals
with the circuit.

5.24 FUSED MOTOR-CIRCUIT SWITCH — a switch rated in horsepower (or kilowatts) capable of
interrupting the maximum operating overload current of a motor of the same horsepower (or kilowatts)
rating as the switch at the rated voltage.

5.25 FUSEHOLDER - an assembly of base, fuse clips, and necessary insulation for the mounting or
connecting of a fuse into a circuit.

5.26 FUSED SWITCH — a switch in which one or more poles have a fuse in series in a composite unit.

These switches should not be confused with switches in which the fuse forms the moving contact.

5.27 GROUN

(EARTH) (ELECTRIC SYSTEM) — a conducting connection, whethe

intentional or

accidental, by yhich an electric circuit or equipment is connected to the earth or to seme’cpnducting body
of relatively Idrge extent that serves in place of the earth. A ground is used [for edtablishing and

maintaining the¢ potential of the earth (or of the conducting body), or approximately th

conductors co
body).

5.28 ISOLATIN

It has no interqupting rating, and it is intended to be operated only, after the circuit has b

some other mq

5.29 KNOCK(
a hammer, scr
of an auxiliary

5.30 LIVE PAJ

5.31 NORMAL
that occurs acr
after the high-f

5.32 OPERAT]
actuated to op

5.33 OVERLOQO
under specified

nected to it, and for conducting ground current to and from.the-earth (or

NG SWITCH — a switch intended for isolating an electric Circuit from the sd
ans.

UT — a portion of the wall of an enclosure g0 fashioned that it can be rem
pwdriver, and pliers at the time of installation in order to provide a hole for
device or raceway, cable, or fitting.

RTS — parts that are designed to.operate at a voltage different from that of
-FREQUENCY RECOVERY VOLTAGE - the normal-frequency-root-mean-
pss the terminals of an ac gircuit-interrupting device after the interruption of

fequency transients have subsided.

ING MECHANISM_OF A SWITCH — the mechanism by which the contacts
bn or close the'eircuit.

AD TESTS — tests to which a switch is subjected to determine the ability
conditions, to make and break currents greater than the current rating of {

t potential, on
the conducting

urce of power.
ben opened by

pved readily by
the attachment

the earth.
square voltage
he current and

of a switch are

of the switch,
he switch.

5.34 PEAK |

TTHROUGH CURRBENT Ip — the highest instantaneous current g

assed by the

over-current pr

otection device during the interruption of the current.

5.35 PEAK LET-THROUGH CURRENT, Ip (aC) — the maximum instantaneous current during the total

clearing time.
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5.36 PLUG FUSE - fuse consisting of a current-responsive element inside a housing with coaxial
terminals on one end, one terminal being a threaded metal ring or shell on the outside of the housing.

5.37 POLE OF A SWITCHING DEVICE - the portion of a switching device associated exclusively with
one electrically separated conducting path of its main circuit and excluding those portions which provide
a means for mounting and operating all poles together.

5.38 PRESSURE WIRE CONNECTOR - a reusable connector into which the conductor (wire) is secured
by mechanical pressure applied by integral screw, cone, or other mechanical parts.

5.39 RATING — a designated limit of operating characteristics based on specified conditions of current,

voltage, frequency, and such.

5.40 SERVICH
and fuses, and
other structure
cutoff of the sy

5.41 SHORT-
maximum avai
intended to be

5.42 SINGLE-

5.43 SWITCH
changing the ¢

5.44 SWITCH
is called “multi
to operate toge

5.45 TYPE TE
model of equip
usual service @
ratings assigne
used as a par

evaluate modifications of,"a*previous design and to assure that performance has not &

affected. Test

F EQUIPMENT — the necessary equipment, usually consisting of a circuitrbr
their accessories, located near the point of entrance of supply conduetars
or an otherwise defined area, and intended to constitute the main ¢contro

pply.

CIRCUIT CURRENT RATING — the maximum available rms“symmetrica
able dc current (which is marked on the switch) to which<the (fused or unf
connected when protected by the specified overcurrefit protective device o

THROW SWITCH — a switch which has an open ahd a closed circuit positi

— a device, manually operated, unless otherwise designated, for opening an
onnection of a circuit.

NG DEVICE - called “single-pole”.ifit has only one pole. If it has more th
hole” (two-pole, three-pole, and so on) provided the poles are coupled in su
ther.

STS - tests made to determine the adequacy of the design of a particula
ment or its component-parts to meet its assigned ratings and to operate sati
onditions. Type tests\should be made only on representative equipment to g
d to all other gpparatus of basically the same design. These tests are not
I of normal production. The applicable portion of these type tests may a

jata fromprevious similar designs may be used for current designs, where

6 Constructi<1n

paker or switch
fo a building or
and means of

ac current or
Lsed) switch is
r devices.

bn only.

d closing or for

an one pole, it
h a manner as

type, style, or
sfactorily under
ubstantiate the
intended to be
so be used to
een adversely
appropriate.

6.1 General

6.1.1 A switch shall employ materials throughout that are acceptable for the particular use, and shall be
made and finished with the degree of uniformity and quality of work practicable in a well-equipped factory.
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6.1.2 All parts of a switch shall be assembled in place when the switch is shipped from the factory, except

as noted in 6.1

3.

6.1.3 A switch may have provision for factory- or field-installed accessories such as neutral assemblies
or auxiliary switches provided that:

a) The switch is for use with and without such assemblies,

b) Each accessory is acceptable for the intended use,

¢) Each accessory can be installed without the disassembly of factory-assembled parts and
without the use of a special tool unless such a tool and instructions for its use are furnished
with each accessory

d) A

any other reason, is securely attached at the factory to either the switch of to"the

be ins

e) The
field. C

f) The

6.1.4 With ref
assembly but 1

6.1.5 A switch

6.1.6 All ferro
galvanized, p4
corrosion.

6.2 Enclosurg

6.2.1 An over
modifications 3

6.2.2 A deadfr
those parts of
panelboard or

rrier that is necessary because spacings would otherwise be less thahlreq
lled,

accessory is an essentially complete unit and does not require detailed as
utting, splicing of existing wires, or resoldering of connegctions shall not be

accessory and switch are marked in accordance with 9.2.47.

brence to 6.1.3, screws for mounting the neutral assembly shall be furn
eed not be assembled in place.

(including all of its parts) shall be strong and rigid enough for the intended

us metal parts other than enclosures, unless of corrosion-resistant ma
inted, enameled, plated, or otherwise acceptably treated to provide pro

all enclosure shalll comply with the requirements in Annex A, Ref. No,
nd additional requirements as specially described in this Standard.

ont switchi'shall comply with the requirements in Annex A, Ref. No. 4, only
its enclosure that will be exposed when the switch is installed behind the
he.like.

juired, or for
accessory to

sembly in the
permitted, and

shed with that

application.

erial, shall be

fection against

4, except for

with regard to
deadfront of a

6.2.3 The entire enclosure of a switch intended for surface mounting and the box proper of a switch
intended for flush mounting shall be permitted to be formed of steel not less than 1.07 mm (0.042 inch)

thick (base me

tal thickness not including a coating thickness) if:

a) The length does not exceed 457 mm (18 inch) and the width does not exceed 356 mm (14

inch),

b) The depth of the box proper is not more than 127 mm (5 inch), and

c) The thickness of a cover, front, door, trim, and similar parts, provided as part of an enclosure
intended for flush mounting, is as specified in Annex A, Ref. No. 4.
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6.2.4 An opening for a closely fitting operating handle shall be permitted if the opening is substantially
closed when the switch handle is in any operating position. The clearance between the edge of the hole
and the handle shall not exceed 2.4 mm (3/32 inch) on either side (one side only) and 3.2 mm (1/8 inch)
total (both sides). The clearances shall be measured with the handle in the full on and off positions. The
handle and its supporting member shall be assembled in the position resulting in the largest clearance that
can result from ordinary factory assembly.

6.2.5 A single door may be provided regardless of the width of a door.

6.2.6 A door or cover intended to give access to fuses shall be hinged, sliding, or similarly attached so as
to prevent its removal.

6.2.7 Switches shall be provided with a means for locking the door closed. Switches marked as suitable
for use as serice equipment shall be provided with a means for sealing.

6.2.8 The enclosure shall be constructed so that all doors can be opened to a minimum| of 90 degrees
from the closed position.

6.2.9 When knockouts are provided in the enclosure of a switch, they shall be located so that the
installation of gonduit bushings will not result in electrical spacings less than the minimum requirements of
this Standard. |n measuring electrical spacings it shall be assumed that the bushings are pf suitable size
for the largest ponduit that can be used.

6.2.10 An extdgrnal operating means, such as one for a disconhect, a pilot device, or a resetting operation,
mounted on o1l through an enclosure shall withstand the gnvironmental tests specified in|Annex A, Ref.
No. 4, for the marked enclosure type.

6.3 Operating mechanism

6.3.1 The opefating mechanism shall be designed and constructed in such a manner aq to provide the
strength and figidity necessary to performvits intended function. Screws and nuts sefving to attach
operating partg to crossbars or other movable members shall be staked, upset, or othefwise locked in
position to preyent loosening under the jars of continued use. Stops shall be provided s¢ as to remove
undue strain frpm switch parts.

6.3.2 A handlg shall be proyided for convenient operation of a switch and shall be constriicted so as not
to present a rigk of fire, electric shock, or injury to persons. An operating handle and doof of conducting
material shall pe in electfical connection with the enclosure.

6.3.3 A metal foduusing the wall of the box as a bearing shall be considered to be in electrical connection
with the enclodure

6.3.4 If the position of a switch is indicated by the position of the operating handle, there shall be definite
off and on positions for the handle, and the construction of the operating mechanism shall be such that
the handle cannot be left readily at or near the off position when the switch is on. See also 9.2.13.
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6.3.5 If a switch is operated such that movement of the operating handle is vertical between the on and
off positions resulting in one position being above the other position, then the upper position shall be the
on position. A switching device having more than one on position, such as a double-throw switch, need
not comply with this requirement.

6.3.6 A handle or other member that indicates the position of the switch contacts (closed or open) shall
be so constructed that the door, front, or cover cannot be secured in place in the intended manner so that
the handle or member indicates off with the switch contacts in the closed position.

6.3.7 There shall be provision for locking an enclosed switch in the off position without opening the
enclosure.

6.3.8 An isolating switch shall have provision for locking the switch in the on position. A
current-interrugting switch may have provision for locking the switch in the on position.

6.3.9 A switch|so constructed that it will tend to close by gravity shall be provided with megans for holding
the operating mechanism in the off position.

6.3.10 Switchgs rated greater than 250 V, 30 A shall have the design ef‘the operating| mechanism in
conjunction with the contact structure, such that in normal operation, tRe operator of thg switch cannot
restrain the opgration of the contacts after they have initially touched.or parted when cloging or opening
the switch. Isolating switches complying with 6.3.8 and 9.2.12 are‘exempt from this requirement.

6.4 Accessibility of live parts

6.4.1 Openingp in enclosures that provide access toive parts shall be evaluated in agcordance with
Annex A, Ref. No. 14.

6.5 Electricallinsulation material

6.5.1 Insulation material in contact with. live parts shall have at least the minimum values specified in
Table 1 and additionally be subjected t6 the mold stress relief test in 7.13.

6.5.2 An insulation material having\values below those contained in Table 1 may be accgpted based on
acceptable end-product performarice tests. See Annex A, Ref. No. 9.

Note: This requirement-does not apply in Canada.

6.5.3 The mold stress.relief test is not required for rigid thermosetting materials.
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b) Not applicable

Table 1
Minimum values for insulating materials
Flammability rating of material
Test specified V-0 V-1 V-2 HB
Hot wire ignition (HWI)®, ignition time in sec. 7 15 30 30
(Annex A, Ref. No. 3)
High current arc ignition (HAI)9, number of arcs (Annex A, 15 30 30 60
Ref. No. 10)
Comparative tracking index (CTI) under moist conditions®, 1752b 1752b 1752b 1752b
volts (Annex A, Ref. No. 2)
a) A material having a minimum comparative tracking value of 100 may be used if the voltage involved is 250 volts or less.

if the over-surface spacing is greater than or equal to 12.7 mm (1/2 inch).

¢) Material surfa
1) uninsulated |
2) uninsulated |
i) metal parts

ii) any surface
d) Material is in
(1/2 inch) for ard|
e) Material is in

e is in contact with or in close proximity [within 0.8 mm (1/32 inch)] to:

ve parts of opposite polarity, or

ve parts and either

hat may be grounded in service, or

exposed to contact.

ontact with or in close proximity to uninsulated live parts 0.8 mm (1/32 inch),fer nonarcing p4d
ng parts.

ontact with or close proximity to uninsulated live parts [within 0.8 mm (4/32 inch)].

rts or 12.7 mm

6.5.4 The ove

6.5.5 Vulcaniz
crossbars. Col

and so-called hot-molded shellac and tar compositions 'shall not be used for the mounting

live parts.

6.6 Spacings
6.6.1 General
6.6.1.1 Except

Grounded met
enclosure.

all thickness of switch bases shall not be less than 1275 mm (1/2 inch) if ma

0-molded and phenolic compositions are_acceptable generally, but ordinan

al includes the enclosure and any metal that may be in electrical conn

e of porcelain.

ed fiber, impregnated hard wood, and molded.composition are acceptable as materials for

y fiber, rubber,
of uninsulated

as noted in 6.6.1.4v— 6.6.1.6, the spacings in a switch shall be as indicated in Table 2.

pction with the
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Table 2

Minimum spacings?

Voltage Minimum spacings in mm (inches)
between Between uninsulated live parts of opposite Between uninsulated live parts and any
parts polarity grounded metal
involved Over surface Through air Over surface Through air
0-130 19 (3/4) 12.5 (1/2) 12.5 (1/2) 12.5 (1/2)
131 — 250 31 (1-1/4) 19 (3/4) 12.5 (1/2) 12.5 (1/2)
251 — 600 50 (2) 25 (1) 25 (1) 12.5 (1/2)
2 The Sl units are minimum values and are not a direct conversion from the corresponding values in inches.

6.6.1.2 Terminals and other live parts intended to be connected to the grounded condu

shall be consid
electrical conn

6.6.1.3 If the
device that ca
switch shall:

a) Cornply with the requirement in 6.6.1.1 when the bonding device is removed, ¢r

b) Be

6.6.1.4 The sp

tor of a circuit

bction with the enclosure.

Imarked as described in 9.2.33.

ered to be uninsulated live parts unless such parts are mounted directly on-gr in permanent

connection mentioned in 6.6.1.2 is solely by means of a screw,Strap, or| other bonding
N be readily removed and is not depended upon to perform a ‘mechanical function, the

acings between screw-shells of plug fusehaolders that are protected by surrounding walls of

insulating material, and between such screw-shells and*a metal cover plate, may be l¢ss than those
indicated in Tgble 2 but not less than 6.4 mm (1/4 inch) in any case, if the depth of the

measured froni

the top of the wall to the plane of the center contact, is not less than 19.1

receptacle, as
mm (3/4 inch).

D.7 mm

6.6.1.5 The digtance between a door or coverover a fuseholder and:
a) Thg center contact of an Edison-base plug fuseholder shall not be less than 3
(1-9/14 inches).
b) Thg center contact-of a Type S plug fuseholder shall not be less than 33.3 mm (1-5/16
inches).

6.6.1.6 The sp
enclosure cove
shall not be les

acings given in Table 2 are not required to be maintained between switch
r whenuthe switch is in the off position and the blades are deenergized, but
s than 3.2 mm (1/8 inches).

blades and the
such spacings

6.6.1.7 In measuring between an uninsulated live part and a conduit bushing installed at a knockout, it
shall be assumed that a conduit bushing having the dimensions specified in Table 3 is in place.
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Table 3
Conduit bushings

Trade size designators Overall diameter, Height,
mm (inches) mm (inches)
1/2 25.4 (1) 9.5 (3/8)
3/4 31.4 (1-15/64) 10.7 (27/64)
1 40.5 (1-19/32) 13.1 (33/64)
1-1/4 49.2 (1-15/16) 14.3 (9/16)
1-1/2 56.0 (2-13/64) 15.1 (19/32)
2 68.7 (2-45/64) 15.9 (5/8)
2-1/2 81.8 (3-7/32) 19.1 (3/4)
3 984 {375 266 (13/16)
3-12 112.7 (4-7/16) 23.8 (15/16)
4 126.2 (4-31/32) 25.4 (1)
4-1/2 140.9 (5-35/64) 27.0 (1-1/16)
5 158.0 (6-7/32) 30.2 (1-3/16)
6 183.4 (7-7/32) 81.8 (1-1/4)
6.6.1.8 There shall be a spacing of not less than 3.2 mm (1/8 inch) between line and lopd terminals of

the same polafity.

6.6.1.9 Wire ¢
than those req
connectors are
no means to p

bnnectors shall be kept from turning to the extent that spacings would be feduced to less

pired in 6.6.1.1; however, if such minimum or-greater spacings are mainta
turned 30 degrees toward each other or taward other uninsulated live or g
revent turning need be provided.

ned when wire
rounded parts,

6.6.1.10 Spacings at the wiring terminals of a 3Q\A’ switch shall be measured with the ¢levice wired in
accordance with Table 4.
Table 4
AWG size (mm?2) of wire to be used in spacings evaluation of 30 A switches
Terminal acceptable forsuse with For use as service equipment Not for usp as service
equipment
AWG mm? AWG mm?
Coppér only 8 8.367 10 5.260
Copperfaluminum 6 13.30 8 8.367

6.6.1.11 The 3

wired with cont

vith the device

pdeings at wiring terminals employing wire connectors shall be measured

ee 6.10.2).

6.6.1.12 In measuring an over-surface spacing, a metal part such as a screw head or washer interposed
between uninsulated live parts of opposite polarity or between uninsulated live parts and grounded metal
shall be considered as reducing the spacing by an amount equal to the dimension of the metal part in the
direction of the measurement.
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6.6.1.13 The r

equirements in 6.6.1.1 and 6.6.1.8 do not apply

a) Between uninsulated live parts of opposite polarity within a component of the switch (such
as an auxiliary switch),

b) Between uninsulated live parts of the component and deenergized metal that is part of the

compo

nent, or

c) Between uninsulated live parts of the component and that part of the deenergized metal
surface of the switch on which the component is mounted in the intended manner.

6.6.1.14 Ther

equirements in 6.6.1.1 and 6.6.1.8 shall apply:

a) bet

b) bet
the sw

6.6.1.15 Live

countersunk ngt less than 3.2 mm (1/8 inch) in the clear, and then covefed with a waterp

sealing compo
point where it
otherwise kep
compound or |
mm (1/2 inch)

6.6.1.16 A loc

loosening as required in 6.6.1.15.

6.6.1.17 A det
the Test for Sg

6.6.1.18 Spac
in Clamped joi
is a joint betwe
the like, if useg
A, Reference |

veen uninsulated live parts in different components, and

veen uninsulated live parts of a component and a live part or the deenergi:
tch, other than the dead metal surface on which the componentis_mounte

screw heads or nuts on the underside of a base intended\for”surface mo

ind that will not soften at a temperature 15°C higher thanthe temperature (
s used, but not lower than 65°C in any case; howe\ver, if such parts are st
from loosening, insulation from the mounting Surface by material othe
y the provision of a spacing through air from.thie mounting surface of not
shall be permitted.

Kk washer, properly applied, is acceptable as a means of keeping a scre

ermination of the softening pointof a sealing compound shall be made in a
ftening Point by Ring and.Ball"Apparatus, Annex A, Ref. No. 11.

red metal of
.

Linting shall be
oof, insulating,
bserved at the
hked, upset, or
r than sealing
less than 12.7

w or nut from

ccordance with

ngs shall be measured through cracks unless a clamped joint has passed t
ht test, Clause 7.6x0r unless the joint is sealed with adhesive or cement.

em No. 9.

e test covered
clamped joint

en two pieces oftinsulation that are under pressure. See Figure 5. Adhesivgé cements, and
to effect a seakin lieu of a tightly mated joint, shall comply with the requirefments in Annex
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6.6.2 Insulating barriers

6.6.2.1 In6.6.2.2 - 6.6.2.12, the barrier referred to is an insulating material that separates uninsulated live
parts of opposite polarity or separates an uninsulated live part from a grounded metal part (including the
enclosure) where the through-air spacing between the parts would otherwise be less than the minimum
values specified in Table 2.

6.6.2.2 A barrier that constitutes the sole separation or is used in conjunction with an air space less than

0.33 mm (0.01

3 inch) shall be:

a) Of insulation material as specified in 6.5.1. However, with regard to the flammability rating in
Table 1, the rating may be VTM-0, VTM-1, or VTM-2 rather than V-0, V-1, or V-2, respectively,

b) Of such strength to withstand the stress associated with normal handling, instdllation, and
use of the equipment,
c) Sequred in place,
d) Logated so that it will not be adversely affected by operation of thé equipment|in service,
and
e) Of @ minimum thickness of 0.71 mm (0.028 inch).

6.6.2.3 A barrier located between the enclosure and an uninsiilated live part electrically ponnected to a

grounded circu

6.6.2.4 A barr
acceptable eng

6.6.2.5 A barr

mm (0.028 inch) if it withstands a 60 Hz dielectric-withstand voltage of 5 000 V applied in &

7.14.
6.6.2.6 A barri

a) Of
comply

b) Of
use of

it conductor (neutral) may be of vulcanizediber.

er material having values below those\contained in Table 1 may be acce
-product performance tests.

er of insulating material other than vulcanized fiber may have a thickness

er used in conjunction with a minimum air space of 0.33 mm (0.013 inch) g

material that has“insulating properties as specified in 6.5.1 or, other than vi
ing with Tabfe 5,

buch strength to withstand the stress associated with normal handling, insta
thelequipment,

pted based on

less than 0.71
ccordance with

hall be:

Icanized fiber,

llation, and

c) Secured in place,

d) Located so that it will not be adversely affected by operation of the equipment in service,

and

e) Of a minimum thickness of 0.71 mm (0.028 inch).
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6.6.2.7 Vulcanized fiber with a minimum thickness of 0.71 mm (0.028 inch) and used in conjunction with
a minimum 0.71 mm (0.028 inch) air space need not comply with 6.5.1.

6.6.2.8 Material other than vulcanized fiber used in conjunction with an air space of 50% or more of the
required through air spacing may have a thickness:

a) Not less than 0.33 mm (0.013 inch), or

b) Less than 0.33 mm (0.013 inch) if it withstands a 60 Hz dielectric-withstand voltage of 2 500
V applied in accordance with the requirements in 7.14.

6.6.2.9 A barrier material having values below those contained in Table 5 may be accepted based on
acceptable end-product performance tests

Table 5
Minimum valyes for insulating barriers used in place of spacing in conjunction with minimum air
space of 0.33 mm (0.013 inch)

Test specified' Flammability rating of material®

V-0 or VTM-0 V-1 or YVTM-1 V-2 or VTI)1-2 HB
Hot wire ignition [(HWI)d, ignition time in sec. (Annex A, 7 15 30 30
Ref. No. 3)
High current arclignition (HAI)®, number of arcs (Annex 15 30 30 60
A, Ref. No. 10)
Comparative tragking index (CTI)2 under moist 100 100 100 100
conditions?, Volt$ (Annex A, Ref. No. 2)

@ Not applicable |f the over-surface spacing is greater than or equal to 12.7 mm (1/2 inch).
b Material surfacp is in contact with or in close proximity (withif?0.8 mm (1/32 inch)) to:
1) uninsulated ljve parts of opposite polarity, or
2) uninsulated ljve parts and either
i) metal parts that may be grounded in service, or
ii) any surface]exposed to contact.

¢ Material is in cpntact with or in close proximity-to uninsulated live parts 0.8 mm (1/32 inch) for nonarcing parfs or 12.7 mm
(1/2 inch) for arcjng parts.

d Material is in cpntact with or close pfoximity to uninsulated live parts [within 0.8 mm (1/32 inch)].
¢ These flammahility ratings are detived from Annex A, Ref. No. 5.
f See Annex A, Ref. No. 10, for.these specified tests.

6.6.2.10 The RQarrier-shall also be subjected to the mold stress relief test in 7.13.

6.6.2.11 A wrap. of thermoplastic tape, acceptable for use as sole insulation, may be employed if all of
the following conditions are met:

a) At a point where the spacing prior to the application of the tape is not less than half the
required through-air spacing, the wrap is not less than 0.33 mm (0.013 inch) thick and is
applied in two or more layers,

b) At a point where the spacing prior to the application of the tape is less than half the required
through-air spacing, the wrap is not less than 0.71 mm (0.028 inch) thick,

c) The tape is not subject to compression,

d) The tape is not wrapped over a sharp edge, and
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e) The temperature rating of the tape is not less than the temperature rise observed during the
temperature test plus 40°C. If a temperature test is not required, the temperature rating shall be

105°C

minimum.

6.6.2.12 If spacings would otherwise be less than the minimum values specified in Table 2, thermoplastic

tubing may be

a) ltis

used if all of the following conditions are met:

not subjected to compression, repeated flexure, or sharp bends,

b) All edges of the conductor covered with the tubing are well rounded and free from sharp

edges,

c) For

chemically dilated tubing, a solvent recommended by the tubing manufact

rer is used,

d) Its
(1/2'in
(9/16 ¢
tubing,

e) Its
tempe
be 105

6.7 Current-carrying parts

6.7.1 General

6.7.1.1 The only iron or steel parts that are depefided upon to carry current shall be N

binding head s
or steel parts §
mm (0.0002 in
nonferrous me

6.7.1.2 Coppe

terminals; a plating of zinc shallbe permitted.

6.7.1.3 Bolts,
not depended

6.7.1.4 A metd

vall thickness (after assembly) is not less than 0.56 mm (0.022 inch) for.tu
Ch) or less in diameter, not less than 0.69 mm (0.027 inches) for tubihg 14.
r 5/8 inch) in diameter, and not less than 0.71 mm (0.028 inch)foplarger g
and

emperature marking is not less than the temperature rise<ebserved during

ature test plus 40°C. If a temperature test is not requited, the temperature
°C minimum.

Crews, machine screws, bolts, studs, nuts, and washers used for terminal pa
hall be suitably protected with*a-plating of zinc having a thickness of not |
ch) and the conductor or.tefminal to be secured shall be clamped again
al that will carry the greater part of the current.

I and brass shall net'be used for the plating of steel wire-binding screws,

Lipon toscarry current.

| other than silver, a silver alloy, copper, or a copper alloy, if used for current

bing 12.7 mm
3 or 15.9 mm
iameter

the
marking shall

0. 10 or larger
irts. These iron
bss than 0.005
5t a surface of

nuts, and stud

wvashers, afd nuts at the hinges of knife switches shall be considered to b¢ parts that are

-carrying parts,

shall be suitab

e for the particular application

6.7.1.5 Uninsulated live parts, other than soldering lugs or pressure wire connectors as mentioned in
6.6.1.9, shall be so secured to the mounting surface that they will be kept from turning or loosening.

6.7.1.6 Friction between surfaces shall not be used as a means to keep uninsulated live parts from

turning.

Note: Turning may be prevented by the use of two screws or rivets; by shoulders or mortises; by a dowel pin,
lug, or offset; by a connecting strap or clip fitted into an adjacent part; or by some other equivalent method.
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6.7.1.7 Where parts are held together by screws, a threaded part shall not have less than two full,
clean-cut threads, not finer than the threads given in Table 6, 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 threads
for a distance of not less than the diameter of the screw.

Table 6
Machine-screw threads

American screws Metric screws
American National Standard | Maximum number of threads Size Minimum thread pitch (mm)
size per inch (per 25.4 mm) (diameter, mm)
1/4 20 M8 1.25
12 24 M6 +©00
1 32 M5 0180
8| 32 M4 070
6| 36 M3.5 0160

6.7.1.8 Ifa brIak jaw, hinge jaw, or fuse contact is held in a slot or hole milled’in a mounting piece, the
parts shall fit tggether closely and shall comply with Table 7.

Table 7
Securing of jaws and contacts
Construction Rating in amperes Means of securing
100 or less Pinning requirgd, soldering
Slots not acceptablé
(See Figure 1) over 100 Pinning and s¢ldering
required
100 or less Pinning and s¢ldering are
both acceptable but neither is
Holes Jaw ordcontahct se(;urelyd f required
(See Figure 1) tsrréa%i)ur?t?ntg ;:geer—& eo over 100 S.old.erin.g required, additional
pinning is accg¢ptable but not
required
Jaw pr-centact not securely Any Pinning and s¢ldering
swaged on the under-side required

6.7.1.9 Hinge jaws, when used to carry current, shall be equipped with spring washers held by locknuts
or pins, or sonte approved equivalent, so arranged that a firm and secure connection willlbe maintained
at all positions|of the=switch blades. Two spring washers per hinge shall be used for cufrents of 100 A
and over, unlegs ‘a‘single washer is shown by investigation to be fully effective.

6.7.1.10 Spring washers shall have sufficient strength to take up wear in the hinge jaw and still maintain
good contact.

6.7.1.11 A switch of the knife-blade type shall be so arranged that the blades will be deenergized when
the switch is open, unless the blades will not be exposed to inadvertent contact during the replacement
or inspection of fuses.
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6.7.1.12 Notwithstanding 6.7.1.11, the blades in a double-throw switch are permitted to be energized
even if the switch is in the off position.

6.7.2 Wiring terminals

6.7.2.1 Except as noted in 6.7.2.13 and 6.7.2.14:

a) A switch shall be provided with wiring terminals for the connection of conductors having an

ampac

ity not less than the current rating of the device, and

b) The terminals of a switch having a horsepower or kilowatt rating shall be capable of
accommodating conductors having an ampacity equal to 125% of the motor-running current
corresponding to the horsepower or kilowatt rating

6.7.2.2 A wirin
with a pressur

6.7.2.3 A wire
AWG (5.3 mmj
the conductor
conductor.

6.7.2.4 The bi
with not more

6.7.2.5 A term
inch) thick and
than 1.27 mm
threads have ¢

6.7.2.6 Extrus
necessary for
metal is not leg

6.7.2.7 A wire
6.7.2.8 The pq

terminal shall
strength to pre

terminal shall be provided with a soldering lug firmly bolted or held by-a|sc
wire connector.

binding screw shall be permitted at a wiring terminal intended for the con
) or smaller copper conductor. Upturned edges or the equivalent shall be pr
inder the head of the screw when the screw is loosened-enough to enable

nding screw shall not be smaller than an M5 with & minimum pitch of 0.80 n
han 32 threads.

inal plate tapped for a wire-binding screw(shall be of metal not less than 1
shall have not less than two full threads in the metal; however, a special
(0.050 inch) but not less than 0.76;.4mm (0.030 inch) thick shall be permittg
nough mechanical strength.

on of a terminal plate for a.wire binding screw at the tapped hole so as to giv
bt least two full threads(shall be permitted, provided that the thickness of
s than the pitch of the thread.

binding screw shall not thread into material other than metal.
int of attachiment of a soldering lug, a pressure wire connector, or a wirg

hot overhang the base unless the construction is such as to provide enoy
vent any teduction of required spacings.

ew or provided

nection of a 10
bvided to retain
shifting of the

hm or a No. 10

.27 mm (0.050
blloy plate less
d if the tapped

e the thickness

he unextruded

-binding screw
gh mechanical

6.7.2.9 A wiri

terminal provided for the connection of a service conductar to an enclose

switch marked

for service equipment use and rated 30 A shall be acceptable for use with a 8 AWG (8.4 mm?) copper
conductor. The terminal shall be acceptable for use with a 6 AWG (13.3 mm?2) aluminum conductor if the

enclosed switc

h is marked for use with aluminum wire.

6.7.2.10 Sizes of field-installed conductors shall be determined as follows for current as specified in Table

8:

a) Conductors rated at 75°C in the 1/0 AWG (53.5 mm?) and larger sizes.

b) Conductors rated at 60°C in the 1 AWG (42.4 mm?) and smaller sizes, except 75°C
conductors if the switch is marked for 75°C conductors in accordance with 9.2.58.
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6.7.2.11 Aluminum conductors may be used at any terminal identified on a wiring diagram or the like as
being acceptable for use with such conductors, whether or not that terminal is also identified as being
acceptable for use with copper conductors. See 9.2.49 — 9.2.59.

6.7.2.12 Multiple wire connectors shall not be provided at the terminals of enclosed switches rated 100 A
or less unless at least one of the wire connectors is sized for the current rating of the switch.

Table 8
Ampacity of insulated conductors?P

Wire size 60°C 75°C
AWG mm? Copper Aluminum Copper Aluminum
14 24 +5 +5 -
12 3.3 20 15 20 15
10 5.3 30 25 30 25
8 8.4 40 30 50 40
6 13.3 55 40 65 50
4 21.2 70 55 85 65
3 26.7 80 65 100 75
2 33.6 95 75 115 90
1 42.4 110 85 130 100
1/0 53.5 150 120
2/0 67.4 175 135
3/0 85.0 200 155
4/0 107.2 230 180
kemil
250 127 255 205
300 152 285 230
350 177 310 250
400 203 335 270
500 253 380 310
600 304 420 340
700 355 460 375
750 380 475 385
800 405 490 395
900 456 520 425
1000 507 545 445
1250 633 590 485
1500 760 625 520
1750 887 650 545
2000 1010 665 560
@ For a multiple-conductor connector at a terminal, the value shall be multiplied by the number of conductors that the terminal
will accommodate (1/0 AWG or larger).
b These values of ampacity apply only if not more than 3 conductors will be field-installed in the conduit. If 4 or more conductors,
other than a neutral that carries the unbalanced current, will be installed in a conduit (as may occur because of the number of
conduit hubs provided in an outdoor switch, because of the number of wires necessary in certain polyphase systems, or other
reasons) the ampacity of each of those conductors shall be 80 percent of the value given in the Table if 4 — 6 conductors are
involved, and 70 percent of that value if 7 — 24 conductors.

6.7.2.13 Pressure terminal connectors for field connection (line or load) need not be provided if all of the
following conditions are met:
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a) Component terminal assemblies shall be available from the equipment manufacturer, or one
or more acceptable pressure terminal connectors shall be specified for field installation on the
equipment.

b) Fastening devices, such as studs, nuts, bolts, spring washers, and flat washers, required for
an effective installation shall either be provided as part of the component terminal assembly or
be mounted on or separately packaged with the equipment.

c) The installation of the terminal assembly shall not involve the loosening or disassembly of
parts other than a cover or other part giving access to the terminal location. The means for
securing the terminal connector shall be readily accessible for tightening before and after
installation of conductors.

d) If th
use of

the component assembly package or with the equipment.

e) Inst
produg

f) The

6.7.2.14 A terminal may be omitted if:

a) The

unnecegssary,

b) A
togeth

c) Bot
6.7.2.15 A sol
connection of

enclosed switc

6.7.2.16 A wir
grounding con

6.7.2.17 A prg

e pressure terminal connector provided in a component terminal assembly
a special tool for securing the conductor, any necessary instructions shall

allation of the pressure terminal connectors in the intended manner shall re
t meeting the requirements of this Standard.

equipment shall be marked in accordance with 9.2.45,

switch is specifically intended to be used with such other equipment that 1
eans, such as bus-bar link or the equivalent, is provided to connect the tw
r, and

n pieces of equipment are. marked in accordance with 9.2.46.

dering lug or other connection that depends upon solder shall not be p
bonding conductors,\'the service conductors, or the service grounding ¢
h marked as acceptable for use as service equipment.

juctor shall be readily accessible so that the wires can be disconnected a

ssurer ' wire connector that is not intended to be removable or interchang

requires the
be included in

sult in a

he terminal is

D pieces

ovided for the
pnductor to an

ng terminaliprovided for the connection of a grounded neutral conductor ¢r an electrode

ter installation.

eable shall be

capable of rec

piving and holding properly the range of wire sizes with which the switch is

intended to be

used.

6.7.2.18 With reference to the requirement in 6.7.2.17, the range of wire sizes with which an
ampere-rated switch may be used shall be considered to correspond to the range of fuse sizes
accommodated by the switch. For a switch having both ampere and horsepower or kilowatt ratings, the
range of wire sizes shall be considered to include those acceptable for the ampere rating and also the wire
sizes acceptable for the horsepower or kilowatt ratings at which the switch can be used; however, a
connector need not be acceptable for all the horsepower or kilowatt ratings less than the maximum if

acceptable ma

rkings show the range of acceptable wire sizes.
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6.7.2.19 A pressure wire connector provided with or specified for use with a switch shall comply with the
applicable requirements for wire connectors and soldering lugs, as outlined in Annex A, Ref. No. 6.

6.7.2.20 Switches that are marked for use with aluminum conductors shall have means for terminating
aluminum grounding conductors separate from copper grounding conductors.

6.7.2.21 The tightening torque for a field-wiring terminal shall be as specified by the switch manufacturer
and shall be marked as required by 9.2.57. The specified tightening torque shall not be less than 90
percent of the value employed in the static heating test as specified in the requirements in Annex A, Ref.
No. 6.

6.7.2.22 A torque value of less than 90 percent shall be permitted if the connector is investigated in
accordance with the requirements in Annex A, Ref. No. 6, using the lesser assigned torque value.

6.7.3 Neutral

6.7.3.1 A neufral need not be insulated from grounded metal parts when-the switch is marked in
accordance with 9.2.34.

6.7.3.2 A swit¢hed neutral shall be permitted only if the switch mechanism disconnects pll ungrounded
conductors simultaneously or previously.

6.8 Fusing

6.8.1 Fuseholgers and fuse terminals shall be of either-the cartridge-enclosed, plug-flise, or special
purpose fuse type and shall comply with the requirements in Annex A, Ref. No. 8, exceptfas modified by
this Standard. [Fuseholders of the special purpose fuse type shall also comply with the requirements in
6.8.6.

6.8.2 The conptruction of a switch and the "focation of fuses shall be such that fuses|will be readily
accessible when the switch is open, so that they may be replaced without a person touchir]g any live part.
The electrical [arrangement of a singlesthrow switch shall be such that, if properly connected, fuse
terminals will be deenergized when the switch is open. See also 9.2.41 and 9.2.42.

6.8.3 A plug flise shall be considered to be accessible if, when the switch is in the full ¢ff position, the
test gauge degcribed in 6.8:5'can be inserted and bottomed in each plug fuseholder by using the fingers
of one hand apd withoui~Gausing a reduction in the break distance between the stationgry and moving
switch contact$ to lesstttan 12.7 mm (1/2 inch).

6.8.4 A neutrfl ieed not be insulated from grounded metal parts when the switchl is marked in
accordance with-92 34

6.8.5 The test gauge mentioned in 6.8.3 shall be in the form of a plug fuse having the dimensions
specified for plug fuses and having an overall height of 44.5 mm (1-3/4 inches) and a diameter of 31.8
mm (1-1/4 inches) at the section above the male screw-shell.
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6.8.6 Special purpose fuseholders may be used if evaluated for use with specific special purpose fuses,
which are suitably rated for use as branch circuit, feeder, or service overcurrent protection. When used,
special purpose fuseholders shall:

a) Be non-interchangeable with fuses of incompatible ratings. This requires that the fuseholder
be of a design so that it will be difficult to install a fuse of any given class into a fuseholder that
is designed for a current lower, or voltage higher, than that of the fuse intended for use with the

fuseho

Ider; and

b) Be marked for use with the specific special purpose fuses for which it is intended to be

used.
6.9 Field cony
6.9.1 A switch

”J,// ”R,” ”T,” 0
—-6.9.12.

6.9.2 A switch
Class "H” fuse

6.9.3 A switch
the fuseholder

6.9.4 A switch
base.

6.9.5 A switch
instructions for
or "R” type fus

6.9.6 The inté
construction) o
holes. The rep

6.9.7 A load g
that are intend

/ersion

constructed to accommodate Class “"H” type fuses and for field conversijon {
I “C” fuses shall be marked in accordance with 9.2.25 — 9.2.30 and shall co

shipped from the factory with complete fuseholders shall hav€ them positi
S.

o accept Class
mply with 6.9.2

bned to accept

intended to accept Class “J” fuses by repositioning\the load base or fusehglder may have

5 in the ”J” fuse position when the known use is.for ”J” fuses.

may be shipped by the factory without load fuse clips or without the com

shipped without load fuse clips or c@mplete load fuse base shall be provid
ordering the necessary components to complete the switch to accept either
es.

nded repositioning of (a,load side fuseholder assembly (common or
r the individual fuse clips to accommodate ”J” fuses shall have factory-pro
psitioning shall be by\the use of common tools by front access to the switc

de fuseholder ‘assembly (common or individual pole construction) or indiv
bd to be installed to permit the acceptance of Class “R” fuses only shall be

use of common tools by front access to the switch.

6.9.8 Fuse clif

s that are intended to be added or replaced shall be capable of being adg

in such a marn

plete load fuse

ed with explicit
C|aSS ”H”, //J”,

ndividual pole
ided mounting
.

dual fuse clips
nstalled by the

ed or replaced

ner’ that proper alignment of the clips shall be maintained and other par

s such as the

terminal assembly shall not be disturbed.

6.9.9 The field installation of a fuse clip shall not require the spreading of the fuse clip or adversely affect

the fuse clip in

any manner.
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6.9.10 Replacement of the line-side fuse clips and the load-side fuseholder assembly to accommodate
”T” fuses that are mounted in the fuse clips and the replacement or adding of bus bars for Class “T” or
”C” fuses that are bolted in place shall be by the use of common tools by front access.

6.9.11 A rejection means for Class “R” fuses intended to be installed in a load fuse base containing a
Class “H” fuseholder shall be permitted provided:

a) The fuseholder assembly is constructed to receive the rejection means without further
modification.

b) The fuse rejection means is capable of being installed with common tools or without any
tools by front access of the switch.

c) Onc
damag

d) Thq
Class

6.9.12 The p3

hardware, such as screws, lock washers, and the like, to secure the(fuseholder in place.

e installed, the fuse rejection means cannot be removed using commonrio
ing the assembly and rendering it unusable.

fuse rejection means has the mechanical strength to comply with'the reqy
R” fuseholders in Annex A, Ref. No. 8.

ckage containing the fuseholder bases or clip assemblies shall include

6.9.13 Spacin

of the class of| fuse installed, and it shall not be necessary {oadd barriers or other part
supplement sppcing; however, the moving of barriers that-are part of the load side fuseh
shall be permitted.

6.9.14 A switc
shall be markg
6.9.15, and 6.9

6.9.15 Replac

front access only.

6.9.16 If the s
”L” or “C” fuse
fuseholders, si

as required by 6.6 and fuse alignment as requiréd by 6.8.1 shall be provi

h constructed for Class ”"L” or “C” fuses and for field conversion to accept
d in accordance with 9.2.14 and™9.2.27 — 9.2.30 and shall comply with
16.

bment or adding of busbars for Class “T” fuses shall be by the use of co
witch leaves the-fagtory with complete fuseholders, they shall be arranged 1

s. Supplying,the’/switch without the complete load fuse base, as an alterna
all be perniitted.

bls without

irements for

all necessary

ded regardless
5 necessary to
blder assembly

Class “T” fuses
6.9.12, 6.9.13,

mmon tools by

o accept Class
te to complete
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6.10 Enclosed switch wiring and bending space

6.10.1 There shall be adequate space within an enclosed switch for the installation and termination of all
wires.

6.10.2 The adequacy of wiring spaces shall be judged using the size and conductor material of a wire
used at a terminal in accordance with 6.7.2.10, except for ampacities of 100 A or less, the size shall be
based on 60°C insulated conductors if the markings specify both 60°C and 75°C wire.

6.10.3 If a terminal is acceptable for use with a single conductor or for use with two or more combinations
of conductors in multiple, each of which would be appropriate for that terminal in accordance with 6.7.2.10,
the combination necessitating the largest wiring space shall be used, unless the enclosed switch is

marked in acc

rdance with 9.2.59

6.10.4 If a ter
based on the

6.10.5 The clg

from moving parts of the switching mechanism, shall not be less in width ox.in depth than th

in Table 9.

6.10.6 If knoc
accommodate
side wiring spa
and if they car
larger, referend

6.10.7 The cle
parts of the sw
total area than
be used in sud
given in Table

6.10.8 With re
provided shall
wires enter the
will be connect
run in the side
for the wires cq
to be run in th

minal is provided for conductors in multiple, the size of each of the~cand
se of multiple conduits.

ar wiring space at any point, independent of all projections, obstructions, a

outs are provided in a side wiring space, the width of such a space shal
with respect to bending) the maximum size of wiring for the particular applic
ces of less width may be provided if knockouts.6f*an acceptable size are loc
be used to wire the device in the intended,manner. For wire sizes 8 AW
e shall be made to Table 10 and Table JI4:

ar wiring space, independent of allprojections, obstructions and interfereng
itching mechanism, shall be adequate for the wiring of the device, and sha
250 percent of the total cross-Section area of the maximum number of the
h space. The minimum areas of some of the more common multiple-wire
9.

ference to the requirements of 6.10.7, the number of wires for which wiring
be twice the number of switching poles — the maximum number of wires inv
enclosure at.the’end opposite to the end in which the terminals are locate
ed. If a solidineutral terminal is supplied, only one neutral wire shall be cons
or back-wiring space. In the case of a double-throw switch, provision shal
nnectedto the center terminals, unless the construction is such that they ar
e regular wiring spaces. The provision of barriers riveted or welded in pd

Lictors shall be

nd interference
e values given

be enough to
htion; however,
hted elsewhere
5 (8.4 mm?) or

e from moving
| not be less in
wires that may
conditions are

space is to be
blved when the
I to which they
dered as being
also be made
e obviously not
sition so as to

prevent the ru

ning of wires from end to end shall be permitted in place of the wiring s

pace otherwise

required.
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Table 9
Enclosed switch wiring space
Maximum Minimum Minimum areas in mm?2 (square inches) required for multiple wires based on factor of
size of width and 250 percent
wire or depth of Two wires Three wires Four wires Five wires Six wires Seven wires
cable wiring space
involved | mm  (in) | mm2 (in?) | mm2 (in?) [ mm2 (in?) | mm2 (in?) | mm2 (in?) | mm2 (in?
10 AWG 9.5 (3/8%) | 148 (0.23) | 219 (0.34) | 297 0.46 368 0.57 439 0.68 516 0.80
8 127 (1/2) | 277 (0.43)| 413 (0.64)| 548 (0.85 | 690 (1.07)| 826 (1.28)| 968 (1.50)
6 159 (5/8) | 400 (0.62) | 600 (0.93)| 800 (1.24) | 1000 (1.55) | 1200 (1.86) | 1400 (2.17)
4 19.1  (3/4) | 516 (0.80)| 774 (1.20)| 1032 (1.60) | 1290 (2.00) | 1548 (2.40) | 1806 (2.80)
3 1 Q{8 —587F——(0-9 87— 36— (B4 65—( BB A +F55—E-F2 2052 (3.18)
2 2d2  (7/8) | 665 (1.03)| 1000 (1.55)| 1329 (2.06) | 1665 (2.58) | 2000 (340Nf 2329 (3.61)
1 294 (1) | 877 (1.36)| 1316 (2.04) |1755 (2.72) |2194 (3.40) | 2632 _(#:08) | 3071 (4.76)
1/0 294 (1) | 1000 (1.55)| 1503 (2.33) | 2000 (3.10) | 2503 (3.88) | 3006 |(4.66) || 3503 (5.43)
2/0 294 (1) | 1155 (1.79)| 1729 (2.68) | 2310 (3.58) | 2884 (4.47) | 3458’ (5.36) || 4039 (6.26)
3/0 246 (1-1/8)| 1342 (2.08) | 2006 (3.11) | 2684 (4.16) | 3348 (5.19) 4013 (6.22) | 4690 (7.27)
4/0 318 (1-1/4)| 1561 (2.42) | 2342 (3.63) | 3123 (4.84) | 3903 (6.05)| 4684 (7.26) || 5465 (8.47)
250 kemil | 34.9 (1-3/8)| 1910 (2.96) | 2865 (4.44) | 3819 (5.92) | 4774 (7340) | 5729 (8.88) || 6684 (10.36)
300 3d1 (1-1/2)| 2206 (3.42) | 3310 (5.13) | 4413 (6.84) | 5516¢ (8.55) | 6619 (10.26) [ 7716 (11.96)
350 3d1 (1-1/2)| 2458 (3.81) | 3690 (5.72) | 4916 (7.62) |.6148 (9.53) | 7381 (11.44)| 8606 (13.34)
400 413 (1-5/8)| 2697 (4.18) | 4045 (6.27) | 5394 (8.36)\ 6742 (10.45)| 8090 (12.54) 9439 (14.63)
500 445 (1-3/4)| 3174 (4.92) | 4761 (7.38) | 6348 (9%@4)"| 7935 (12.30)| 9523 (14.76) 11110 (17.22)
600 416 (1-7/8)| 3852 (5.97) | 5781 (8.96) | 7703 (#1,.94)| 9632 (14.93)| 11561 (17.92) [ 13484 (20.90)
700 50.8 (2) | 4310 (6.68) | 6465 (10.02)| 8619.(13.36) | 10774 (16.70) | 12929 (20.04) [ 15083 (23.38)
750 5(.8 (2) 4542 (7.04) | 6813 (10.56) | 9084 (14.08)| 11355 (17.60)| 13626 (21.12) || 15896 (24.64)
800 540 (2-1/8)| 4768 (7.39) | 7155 (11.09)}9535 (14.78)| 11923 (18.48) | 14310 (22.18) [ 16690 (25.87)
900 512 (2-1/4)| 5219 (8.09) | 7826 (1243)| 10439 (16.18) [ 13045 (20.22) | 15652 (24.26) (| 18264 (28.31)
1000 512 (2-1/4)| 5658 (8.77) | 8484. (13:15)| 11316 (17.54) | 14142 (21.92)| 16968 (26.30) [ 19800 (30.69)
1250 645 (2-1/2)| 7116 (11.03) | 10677,(16.55) | 14232 (22.06) | 17794 (27.58) | 21355 (33.10) 24910 (38.61)
1500 69.9 (2-3/4)| 8219 (12.74) 12329 (19.11) | 16439 (25.48) | 20548 (31.85) | 24658 (38.22) [[28768 (44.59)
1750 740 (2-7/8)| 9323 (14.45)143981 (21.67) | 18645 (28.90) | 23303 (36.12) | 27961 (43.34) [[32626 (50.57)
2000 794 (3-1/8)]| 10348 (16:04) | 15523 (24.06) [ 20697 (32.08) | 25871 (40.10) | 31045 (48.12) [[36219 (56.14)
@ The minimun] clear width and depth-0f a wiring space in an enclosed switch marked as acceptable for use|as service
equipment sha|l be not less than 12:7 mm (1/2 inch) in any case.
6.10.9 In detefmining if<@wiring space complies with the requirements in 6.10.7 and 6.10.§, consideration
shall be given fo the-actual size of wires that will be used in the space, but it shall be assymed that wires
smaller than thosenindicated in Table 9 will not be used. In computing the actual area of § wiring space,
consideration g¢hall be given to all the available space that may be used for the placement of wires, and

no consideration shall be given to space in which the presence of wires would render neutral terminals
inaccessible. See also 6.7.2.16.

6.10.10 For an enclosed switch, the wire-bending space at the line and load terminals shall be as
specified in Table 10 for the conductor size that corresponds with the maximum ampere (full-load
amperes) rating of the enclosed switch. See 6.10.2.
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6.10.11 The wire-bending space from a connector to any barrier or other obstruction that is part of an
enclosed switch shall be as specified in Table 11.

6.10.12 A separate neutral block shall be permitted in a wiring gutter if it does not obstruct the required
wiring space.

6.10.13 If a wire is restricted by barriers or other means from being bent in a 90-degree or S bend from
the terminal to any usable location in the wall of the enclosure, the distance shall be measured from the
end of the barrier or other obstruction.

6.10.14 The distance mentioned in 6.10.10 and 6.10.11 shall be measured in a straight line from the edge
of the wire terminal closest to the waII in a dlrecnon perpend|cular to the box wall or barrier. The wire
terminal shall ose to perpendicular
to the wall of the enclosure as it can assume without defeatlng any reliable means provided to prevent its
turning, such gs a boss, shoulder, walls of a recess, multiple bolts securing the connectof, or the like. A
barrier, shoulder, or the like shall be disregarded when the measurement is beihg, made if it does not
reduce the radjus to which wire must be bent. If a terminal is provided with opelor more|connectors for
the connection|of conductors in multiple, the distance shall be measured from the wire opgning closest to
the wall of the nclosure. Side wire-bending space, such as at a neutral in.side gutter, may be measured
in a straight line from the center of the wire opening in the direction the-wire leaves the t

6.10.15 A swifch intended to be installed so that line and load cofductors pass into the enclosure at the
same end shall have ample space for both the line and load conddctors to pass from their ferminals to the
point of entrange.

6.10.16 The cpnstruction and arrangement of the opefating mechanism and its relatiop to the wiring
space shall be|such that it will not cause damage to wikes with which it may come in contagt during switch
operation.

Table 10
Minimum wire-bending space at terminals?

Wire size Wires per terminal (pole)?
mm2 AWG or 1 2 3 4 or more
kerpil mm in mm in mm in mm in
21-53 | 14410 Notispecified - - - - - -
8.4 g 3871 1-1/2 - - - — + -
13.3 6 50.8 2 - — — — + -
21.2 4 76.2 3 - - - - + -
26.7 3 76.2 3 - - - - 1 -
33.6 2 889 S=t72 -
42.4 1 114 4-1/2 — — — — - -
53.5 1/0 127 5-1/2 127 5-1/2 178 7 - -
67.4 2/0 152 6 152 6 191 7-1/2 — —
85 3/0 165 (12.7) | 6-1/2 (1/2) | 165 (12.7) | 6-1/2 (1/2) 203 8 - -
107 4/0 178 (25.4) 7 (1) 191 (38.1) | 7-1/2 (1-1/2) | 216 (12.7) | 8-1/2 (1/2) - -
127 250 216 (50.8) | 8-1/2(2) | 216 (50.8) | 8-1/2(2) |229(25.4)| 9 (1) 254 10
152 300 254 (76.2) 10 (3) 254 (50.8) 10(2) | 279 (25.4) 1(1) 305 12
177 350 | 305(76.2) [ 12@3) | 305 (76.2) 12(3) | 330 (76.2) 3@) | 356 (50.8) | 14 (2)
203 400 | 330 (762) | 13(@3) | 330 (76.2) 13(3) | 356 (76.2) 4@3) | 381(76.2) | 153
253 500 | 356 (76.2) | 14 (3) | 356 (76.2) 14 (3) [ 381(76.2) 5(@3) | 406 (76.2) | 16 (3)
304 600 | 381 (76.2) 15(3) | 406 (76.2) 16 (3) | 457 (76.2) 8(3) | 483(76.2) | 19(3)

Table 10 Continued on Next Page
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Table 10 Continued

Wire size Wires per terminal (pole)?
mm? AWG or 1 2 3 4 or more
kemil mm in mm in mm in mm in
355 700 406 (76.2) 16 (3) 457 (76.2) 18 (3) 508 (76.2) 20 (3) 559 (76.2) 22 (3)
380 750 432 (76.2) 17 (3) 483 (76.2) 19 (3) 559 (76.2) | 22(3) | 610(76.2) | 24 (3)
405 800 457 18 508 20 559 22 610 24
456 900 483 19 559 22 610 24 610 24
507 1000 508 20 - - — — - -
633 1250 559 22 - — — — - -
760 1500 610 24 - - - - - -
887 17%6 6+6 = -
1010 2000 610 24 - - - - + -

a Alternatively, fof a product identified for use only in Canada, the use of the values in Annex A, Ref. N©.\15, shall be permitted.
b Wire-bending space may be reduced by the number shown in parentheses under the following conditiens:

1) Only removalle wire connectors receiving one wire each are used (there may be more than ©he“removabl¢ wire connector
per terminal), ang

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

Table 11
Minimum width of gutter and wire-bending space in mm (inches)?

Wire dize Wires per terminal (pole)
mm? AWG or 1 2 3 4 5
kemil mm (in) mm (in) mm (in) mm (in) mm (in)
21-53 14 -10 - - - - - - - - - -
8.4 -13.3 8—-6 38.1 (1-1/2) - - - - - - - -
21.1 -26.7 4-3 50.8 (2 ~ - - - - - - -
33.6 2 63.5 (2-1/2) - - - - - - - -
42.4 1 76.2 (3) — - - - - - - -
53.5 - 67.4 1/0 — 2/0 88.9 (3-1/2) 127 (5) 178 (7) - - - -
85.0 — 107 3/0 — 4/0 102 (4) 152 (6) 203 (8) - - - -
127 250 112-\J(@4-1/2) | 152 (6) 203 (8) 254 (10) - -
152 — 177 300 - 350 127 (5) 203 (8) 254 (10) 305 (12) - -
203 — 253 400 — 500 152 (6) 203 (8) 254 (10) 305 (12) 356 14)
304 — 355 600 — 700 203 (8) 254 (10) 305 (12) 356 (14) 406 16
380 — 456 750 =900 203 (8) 305 (12) 356 (14) 406 (16) 457 18)
507 — 633 0001250 | 254 (10) - - - - - - - -
760 — 1010 500 2000 305 (1 ’)) _ —
@ The table includes only those multiple-conductor combinations that are likely to be used. Combinations not mentioned may
be given further consideration.
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6.11 Disconnecting means of the grounded service conductor

6.11.1 An enclosed switch shall be provided with a means for disconnecting the grounded service
conductor from the load conductors provided that it is acceptable for use as service equipment and that
it has provisions for the connection of a grounded service conductor.

6.11.2 The required disconnecting means may be:

a) A link, screw, or similar conducting piece intended to make connection between two
terminals,

b) A terminal plate provided with wire connectors or lugs or with wire binding screws and

upturn

c) As
clampi

d) Aw
conne(

e) As
condu(
ground

6.11.3 Where
connection of {
the disconnect

6.12 Provisio

Note: The gro
Annex D. The

6.12.1 An enc
of the ground
grounding elec
means that de

od lugs for clamping a 10 AWG (5.3 mm?) or smaller wire

ngle stud provided with wire connectors or lugs, or with nuts and cupped W
ng a 10 AWG (5.3 mm?) or smaller wire,

ire connector that is intended for the connection of a single conductor and
tion of two conductors, or

ngle wire connector between the grounded load conductor and the ground
tor, as well as the connection of the grounding ele¢trode conductor, provid

the disconnecting means is a removable link or a switching neutral pole, th
he grounding electrode conductor and thé{main bonding jumper shall be on
link or switching neutral pole.

n for grounding

(nding and bonding terms uséd in this section are in accordance with the
corresponding Canadiam Electrical Code, Part | and ANCE terms are also |

osed switch acceptable for use as service equipment shall have provision
ng electrode conductor to the grounded service conductor terminal. T
trode conductor-shall be in accordance with Table 12. A soldering lug or ot
bends uporsolder shall not be used.

ed load conductor can be removed without disturbing any other conductorg.

ashers for

also for the

bd service
ed the

b provisions for
the line side of

UL column in
brovided.

for connection
ne size of the
her connection
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Table 12
Size of grounding electrode conductors and main bonding jumper
Size of bonding jumper (minimum)df Minimum size of grounding electrode
conductor terminal
rzﬁli.:zer:?)t Copper Aluminum Copper Aluminum?
exceeding AWG or Cro_ss Cro_ss AWG or Cro.ss Cro_ss AWG or mm? AWG or mm?
kemil section | section kemil section | section kemil kemil
mm? (in?) mm? (in?)
90 8 8.4 (0.013)2 6 13.32 (0.021)2 8 8.4 6 13.3
150 6 13.32 (0.021)2 4 21.12 (0.033)2 4 211 4 211
200 4 21.1p (0.033)b 2 33.6° (0.052)b 3 26.7 2 33.6
400 /0® 53.5%¢ | (0.083)%° 3/0¢ 85.0%¢ | (0.132)%® 2/0¢ 67.4 3/0® 85.0
600 P/0 67.4 (0.105) 4/0 107 (0.166) 3/0 85.0 4/0 107
800 P/0 67.4 (0.105) 4/0 107 (0.166) 3/0 85.0 4/0 107
1000 B/0 85.0 (0.132) 250 127 (0.196) 3/0 850 P50 127
1200 P50 127 (0.196) 250 127 (0.196) 3/0 85.0 P50 127
1600 B0O 152 (0.236) 400 203 (0.314) 3/0 85.0 P50 127
2000 100 203 (0.314) 500 253 (0.393) 3/0 85.0 P50 127
2500 500 253 (0.393) 700 355 (0.550) 310 85.0 P50 127
3000 500 304 (0.471) 750 380 (0.589) 3/0 85.0 P50 127
4000 50 380 (0.589) 1000 507 (0.785) 3/0 85.0 P50 127
a8 A No. 8 or M4 ¢r larger brass or No. 10 or M5 or larger plated or corrosion.resistant steel screw may be used.
b A No. 10 or M5|or larger brass or plated or corrosion resistant steel screw“hay be used.
¢ A 1/4 inch diamketer or M8 or larger brass or plated or corrosion resistant steel screw may be used.
d The cross sectipn may be reduced to 12.5 percent of the total crog$ section of the largest main service cond{ictor or
conductors of thel same material (copper or aluminum) for any phase on equipment rated 1200 A and above. This applies when
the cross section|of the service conductors is limited by the wire terminal connectors provided.
€ When the ampdre rating is 400 and the wire terminal connectors for the main service conductors are acceptable for two 3/0
AWG copper or tfvo 250 kemil aluminum conductor but.willynot accept a 600 kemil conductor, these values may be reduced to 2
AWG copper or /0 AWG aluminum.
f For equipment rpted 1200 A or more and that has(witing connectors intended to connect service conductor w|re sized larger
than 600 kemil cqpper or 750 kemil aluminum, the eross section of the main bonding jumper shall be at least 1R.5 percent of the
total cross sectiof of the largest main service conductor or conductors of the same material (copper or alumingm) for any phase.
9Aluminum grounfding electrode conducters\are not used in Canada.

6.12.2 The prg
a) On

b) In N

vision for connection of the grounding electrode conductor mentioned in 6{12.1 shall be:

the neutral, if a neutral is provided, or

lexico*and the United States, on the equipment-grounding terminal assembly, bus, or the

like if t

he.main bonding jumper is a bus bar or wire and is connected directly fron the neutral to

the equipment-grounding terminal assembly.

6.12.3 In Mexico and the United States, the following applies. An enclosed switch that is suitable for use

as service equi

pment shall have a wire connector for a grounded service conductor, regardless of whether

there is provision for a load conductor to be connected to the grounded service conductor, or be marked
as covered in 9.2.48.
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6.12.4 In Mexico and the United States, the following applies. If there is no provision for the load

conductor men

tioned in 6.12.3, the grounded service conductor wire connector shall:

a) Accommodate a conductor of the same size as the main bonding jumper specified in Table

12,

b) Be

bonded to the enclosure, and

c) Be directly connected to the grounding electrode conductor wire connector.

6.13 Provision for bonding

nding and bonding terms used in this section are in accordance with th

UL column in

Note: The gro
Annex D. The

6.13.1 The bo
frame or enclo

6.13.2 When 4

equipment, a main bonding jumper shall be provided to bond the encldsure to the insu

circuit conduct
6.13.3 The bo

6.13.4 If anin
not used, the {

6.13.5 Unless
shall be acconm

6.13.6 If the m|

be visible withgut disassembly or remagvalof devices inside the enclosed switch.

6.13.7 Screws
nonmetallic sh
inch) when a 1
of wire in place

6.13.8 If enanm
shall be provid

corresponding Canadian Electrical Code, Part | and ANCE terms are also-

nd between the installed equipment grounding conductor and the ¢anducti
sure shall comply with the requirements of 6.13.2 — 6.13.8.

n insulated neutral is provided for an enclosed switch that is acceptable for
br (the insulated neutral) of an ac circuit.
hding jumper shall have a cross-section area as.indicated in Table 12.

bulated neutral is provided, the construction-shall be such that when the bo
pacings given in Table 2 will be obtained!

the intended use and method of installation of the bonding means are obviol
panied by instructions for installing:

ain bonding jumper is a screw, the screw shall have a green-colored head. |

located in the backs of enclosures and used to secure grounding

pathed cables shall/not project past the back of the enclosure by more than
5 AWG conducter is in place under the head of the screw. With the maximur,
, the screwsshall engage at least two full threads.

els ar~other nonconducting protective coatings are applied to switch encl
ed\for securing an effective electrical bond between the grounding means

enclosure.

brovided.

ve parts of the

use as service

ated grounded

nding means is

s, such means

'he screw shall

conductors of
1.6 mm (0.063
n intended size

bsures, means
and the metal

Note: Bolts or screws provided with corrosion-resisting lockwashers that pierce or remove the enamel while being
tightened are recognized as means for bonding.

6.13.9 Provision for bonding conductor terminations shall be provided in one of the following ways:

a) Terminations in enclosures in accordance with 6.13.10, or

b) Fiel

d-installable grounding and bonding Kkits.
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6.13.10 Bonding conductor terminations shall be provided for at least the following:

a) One for each incoming and each outgoing power circuit (based on one circuit for three poles

or less

and one circuit for each additional three poles or less), and

b) One for the control circuit, where applicable.

6.13.11 In Canada, the following applies. The bonding means for enclosed switches shall also comply

with Annex A,

Ref. No. 13.

6.14 Electrically tripped switches

6.14.1 The el

ctrical tripping mechanism shall be such that the tripping operation shal

be completed

should loss of
started to mov

6.14.2 An eleo
with Class | gr
(lockout) if the

accordance with item 4 in Table 24.

6.14.3 A contr
equipment that

6.14.4 The op
contacts are cl
means without

6.15 Addition

6.15.1 In Canada, the service equipmgnirequirements contained in 6.15.2 — 6.15.7 apply

the other requ
service equipn

6.15.2 Switchg
service-discd
service-discon|
compartment.

6.15.3 Incomir

power occur during any portion of opening operation in which the switg

D

pbund-fault sensing and relaying equipment shall have means to prevent aut
current in any phase exceeds 850 percent of the switch ampere rating, U

p| circuit for an electrical tripping mechanism for use\with ground-fault sensi

erating mechanism of an electrically tripped switch shall be such that w
psed, the mechanism shall immediatelyabe in a condition to open by the el
further operation, manual or otherwise.

pl service equipment requirements for Canada
rements of this Standard. Annex F contains a complete list of requireme
ent.

s marked for use as service equipment shall have a single, load-rated, ma

nnectingsfused switch that opens all ungrounded supply con
necting~means and its associated components only shall be located

h blades have

trically tripped switch intended and marked for use as a disconneeting device in conjunction

bmatic opening
nless tested in

g and relaying

is located wholly within the switch enclosure and that derives its power from the load side
of the disconngcting switch is not required to have overcurrentyprotection devices.

nen the switch
petrical tripping

, in addition to
hts concerning

nually operable
juctors. The
in a separate

g-service conductars shall be capable of being connected to the line sid

p of the switch

without contacting conductors connected to the load side of the switch.

6.15.4 A terminal shall be provided on the neutral assembly to bond the service conduit (not shown in

Annex D).
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6.15.5 Provision for the connection required by 6.15.4 is not required for a neutral with a permanent,
non-removable bond when:

a) The switch is rated at 100 A or less and a suitable pressure-type wire connector (attached to
the neutral) is provided that will accept a folded, unbroken, 8 AWG grounding conductor, or

b) The switch is provided with a lay-in type solderless connector attached to the enclosure.

6.15.6 Terminals shall be provided on the neutral assembly for both the grounded service conductor and
the load conductor (grounded circuit conductor; see Annex D).

6.15.7 Service equipment for Canada shall comply with the requirements of Annex A, Item 16.

7 Test methods
7.1 General

7.1.1 To detefmine if a switch complies with the performance requirements, a-representative device of
each rating shall be subjected to the tests as required in Table 13. Fewer samples mpy be used by
completing additional tests on any single sample.

Table 13
Test sequences?

Description Clause number Sample numper

Heating 7.2 1
Overload 7:3 2
Endurance 74 2
Dielectric voltage 7.5 1 and 2
Close-open® 7.7 3
Short-circuit withstand 7.8 3
Low-level dieletric 7.9 3
Short-circuit clgsing 710 4
Strength of insplating bases 7.11 5
Mold stress rellef 7.13 6
Insulating barriers 7.14 2
Electrically tripped switchesg

Temperature 7.12.2 7

Operation 7123 7

Contact open|ng 7.12.4 7

Endurance 7125 2-or8

Overload and endurance 7.12.6 2
2 For variances to test sequence, refer to clause numbers.
b The close-open test is required for switches rated greater than 10 KAIC.

7.1.2 A switch marked with two or more ratings shall be tested at each rating unless a test at one rating
is representative of a performance at the other ratings.
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7.1.3 A switch intended for use in a metal enclosure shall be tested in a metal enclosure having no paint,
enamel, or other coating of insulating material.

7.1.4 A deadfront switch shall be tested on a representative panelboard chassis or the equivalent unless
specified otherwise in this Standard.

7.1.5 Test circuits for the close-open, short-circuit withstand, and short-circuit closing tests shall be
calibrated as described in Annex E.

7.1.6 Table 14 for ac ratings and Table 15 for dc ratings indicate representative tests. An overload and
endurance test at any voltage rating in a row with a xx designation in a given column is representative of
an overload and endurance test in a row below it with an entry (xx or x) in the same column, where the
same or lesser_current is involved

7.1.7 Overload and endurance tests at 600 V ac are representative for ratings of-250 MV dc or below,
where the same or lesser dc current is involved.
7.1.8 Table 14 applies to devices having an interrupting means for each-phase off the circuit. A
single-throw switch is not considered to be representative of a double-throw)switch of the|same rating.
Table 14
Representative overload and endurance tests, ac
Switgh rating in Number of Power factor of Representative tests
volts, ac phases test A B C D E F
1 600 3 0.40 - 0.50 XX *
2 600 1 0.40 - 0.50 X xx *
3 600 3 0.75 - 080 X XX *
4 600 1 0.75=0.80 X X X XX *
5 480 3 0.40°- 0.50 XX
6 480 1 0.40 - 0.50 X XX
7 480 3 0.75-0.80 X X XX
8 480 1 0.75-0.80 X X X XX X
9 240 3 0.40 — 0.50 XX XX
10 240 X 0.40 - 0.50 XX XX XX
11 240 3 0.75-0.80 XX XX XX
12 240 1 0.75-0.80 XX XX XX XX XX
13 1R0/240 1 0.75-0.80 X X X X X XX
14 120 1 0.40 - 0.50 XX XX XX XX XX
15 120 1 0.75-0.80 X X X X X X
NOTES
xx — denotes test that covers any row below with entry (x or xx) in same column.
* — tests at 600 V ac cover ratings at 250 V dc and below.
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Table 15
Representative overload and endurance tests, dc

Switch rating in volts, dc Representative tests
1 600 XX
2 250 XX *
3 125/250 XX *
4 125 X *
NOTES

xx — denotes test that covers any row below with entry (x or xx) in same column.
* —tests at 600 V ac cover ratings at 250 V dc and below.

more than ong
representative
horsepower or
also at the ma
representative
kilowatt rating.

7.1.10 A switc
endurance test
that are readily
Parts other tha

between the endurance and dielectric voltage-withstand tests.

7.2 Heating test

7.2.1 Parts of
no fuse eleme
are attained, a

a) General-use switch without a horsepower or kilowatt rating: rated current.

b) General-use switch-with a horsepower or kilowatt rating: rated current, or 115

curren
whiche

c) Fus
8.2.2.

Cq
of performance at any lower voltage. A motor-circuit switch or _anys
kilowatt rating greater than 100 hp or 74.6 kW shall be tested at the maxim
ximum current. An overload or endurance test on a 3-phase cireuit is co
of performance on a 2-phase circuit of the same voltage for, the same

h shall not be adjusted, lubricated, or otherwise conditioned during the ov
with current, or the endurance test without current;showever, switch blades
accessible may be put in good operating condition before starting each
n switch blades and break jaws shall not be.adjusted. A switch shall not

a switch shall not exceed the temperature rise values in Table 16, and if f
nt shall melt, when the switch, is-Caused to carry continuously, until constar
60 Hz essentially sinusoiddl current as follows:

(from Table«20-0r Table 21) corresponding to the horsepower or kilowatt
ver is greater.

led motor-circuit switch: 115 percent of the maximum full-load current rating

4.6 kKW or less at

nsidered to be
itch having a
m voltage and
nsidered to be
horsepower or

brload test, the
hnd break jaws
of these tests.
be conditioned

Ises are used,
t temperatures

percent of
ating,

. See also
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Table 16
Maximum acceptable temperature rises
Material and components °C
A. Terminals for field-installed conductors:
1. Unfused switches 50
2. Fused switches for use with 60°C wire and tested with dummy fuses 30
3. Fused switches for use with 75°C wire and tested with dummy fuses? 45
4. Class T fused switches rated 100 A or less for use with 60°C wire 50
5. Class T fused switches rated 100 A or less for use with 75°C wire? 65
6. Class J (rated more than 200 A), Class T (rated more than 100 A), Class L and Class C fused 60
switches
B. All other cugrent-carrying parts:
1. Unfused spitches 50
2. Fused swifches for use with 60°C wire and tested with dummy fuses 30
3. Fused swifches for use with 75°C wire and tested with dummy fuses? 50
4. Class J (rgated more than 200 A), Class T, Class L, and Class C fused switches 85
C. Other matgrials and components:
1. Wire insulgtion or insulating tubing 35
2. Electrical fape 55
3. Varnished|cloth insulation 60
4. Fiber used as electrical insulation 65
5. Sealing cdmpound 50
6. Phenolic gomposition used as electrical insulation or as a part whase failure would result in an 125
undesired conpition
7. Other insyating materials b
2 Applicable tq a connector for copper wire. Also applicable tow@, connector for aluminum wire or an aluminufn-bodied
connector, if the connector has a temperature rating of 90°C:
b Rated tempdrature limit of material minus test ambienttemperature.
7.2.2 Temperdtures shall be measured bylthermocouples consisting of wires no larger|than 24 AWG
(0.21 mm?) an@l no smaller than 30 AWG(0.05 mm?).
7.2.3 A thermpcouple junction and, adjacent thermocouple lead wire shall be securely held in good

thermal contac

724 Anews
switch shall be|
copper wire pe
30, 60, or 100

t with the surface of*the material whose temperature is being measured.

vitch shall be'mounted as in actual service, with the door and other openin
connectédwith not less than 1.2 m (4 ft) of Type THHN, THWN, RH, TW,
I terminal; the wire size corresponding to the current rating of the switch. Fo

gs closed. The
TW75, or THW
a switch rated

A, the wire size shall be based on the temperature rating of the wire as i

marking on the

Switch (see 9.2.58). Where a dual temperature rating is marked 60/75°C wi

dicated by the
, the test shall

be conducted with 75°C wire. The test shall be made at any convenient voltage. A temperature shall be
considered to be constant when three successive readings taken at 15-minute intervals do not indicate

any change.

Note: The Canadian equivalent of THHN is T90.

Note: The Canadian equivalent of THWN is TWN75.
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7.2.5 Except as stated in 7.2.6 and 7.2.7, a deadfront switch shall be tested in an enclosed panelboard
or the equivalent having main bus bars with a maximum rating of two times the ampere rating of the switch
under test.

7.2.6 A 30 A deadfront switch may be tested in a 100 A panelboard and a 60 A deadfront switch may be
tested in a 150 A panelboard. Alternatively, a 30 or 60 A deadfront switch may be tested in the smallest
current rated panelboard for which it is intended to be used.

7.2.7 If a deadfront switch can be used as a main switch, the bus bars shall be rated equal to the ampere
rating of the switch.

7.2.8 In the test of 7.2.5, the switch under test shall be mounted in the top position. The main bus bars

of the panelbo

rd shall be loaded to their rating up to the points of connection to the sw

tch under test.

Additional swit
to their rating.
filler plates.

7.2.9 Except ¢
screw-shells.

7.2.10 A switc
in place and w|

7.211 If a dg
conductors in 1
grounded circu

7.2.12 A threeg
of deadfront sv

7.2.13 The de
in a vertical g

ches, or cables, may be used to load the main bus bars so that the inputig
Any unused positions in the panelboard shall be filled with additional switche

s noted in 7.2.10, dummy fuses shall be used in place of regular fuses in
h employing Class L, T, or C fuses or 400 or 600 A Cldss J fuses shall be te
hen carrying 80 percent of its rated current continugusly.

adfront switch has a magnetic steel shellcthat completely encircles th
he switch, the switch shall additionally be tgsted in accordance with 7.2.13

it conductor does not pass through the switch.

Lpole sample of an individual deadfrént switch of the maximum ampere rati
vitches that is constructed to form a complete steel shell shall be tested.

hdfront switch being tested shall be mounted in the open, not in a panelboar
lane and the load terminals at one side. Connections shall be made

accordance with 7.2.4, and loading shall'be in accordance with 7.2.1 or 7.2.10 as appropria

cannot be corj
terminals. The
density not les
switch enclosu
of cross-sectio|
agency.

nected to the linesend of the switch, copper bus bars shall be connec
bus bars shall have an ampacity not more than the rating of the switch bas
5 than 1.55 A/mm? (1 000 A/in?), shall extend approximately 76 mm (3 inch
re, and shalkiferminate in wire connectors appropriate for the rating of the s
h othersthan specified above may be used if agreeable to the submitter

them is equal
5 or closed with

clips or female

sted with fuses

e ungrounded
— 7.2.16 if the

hg of each line

J, with the front
with cables in
te. Where wire
ed to the line
bd on a current
Es) beyond the
vitch. Bus bars
hnd the testing

7.2.14 Tempel

[atnutes shall be recorded for the top two load terminals_on the top front col

connectors farthest from the center of the switch.

ner of the wire

7.2.15 The same sample used in the test of 7.2.13 shall be tested in the same manner, except that the
conductors to the lower switch pole shall be disconnected from the switch and reconnected together
outside and below the switch enclosure or shell. Results shall be considered acceptable if the temperature
rises on the top two load terminals are not higher than those observed in the test of 7.2.13.
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7.2.16 A two-pole deadfront switch marked for multi-phase application having a steel shell as described
in 7.2.12, and that has an enclosure smaller than the equivalent three-pole switch of the same voltage and
ampere rating, shall be subjected to the test described in 7.2.13 except that

a) Dummy fuses shall be used in the two poles,

b) A 3-phase current shall be adjusted to 100 percent of the switch rating, and

c) The third-phase conductor shall be connected outside and below the enclosure or shell.
Results shall be considered acceptable if the temperature rises at the load terminals do not exceed 30°C.
A switch employing Class L, C, or T fuses or 400 or 600 A Class J fuses shall be tested with fuses in place

and when carrying 80 percent of its rated current. Results shall be considered acceptable jf temperatures
at the load terminals comply with Table 16.

7.3 Overload fest

7.3.1 General

7.3.1.1 A gengral-use switch shall perform successfully when operated:
a) For|50 cycles,

b) Making and breaking 150 percent of its rated current, except as noted in 7.3.113 and
7.3.2.1)0,

c) With the rate of speed being the number ef,cycles per minute given in Table 1P,

d) At the test voltage described in 7.3.2.4;

e) With a power factor (for an ac switch) of 0.75 — 0.80 maximum.
There shall nof be any electrical or mechanical malfunction of the device or welding of thg contacts. The
ground fuse shgll not have opened;-Burning or pitting of the contacts shall be considered to|be acceptable,
but line-to-line [breakdown shall'be considered to be unacceptable.

7.3.1.2 A horsppower- orkilowatt-rated switch shall perform successfully when operated:

a) For|50 cycles of operation for switches rated 74.6 kW or 100 horsepower or kijowatt and
less, of 10\cycles of operations for switches rated over 74.6 kW or 100 horsepowgr or kilowatt,

b) Making and breaking current given in Table 17 and Table 18,

c) With the rate of speed being the number of cycles per minute given in Table 19 (operations
with current); the switch rating in amperes shall be assumed to be equal to 60 percent of the
required overload test current. A switch rated in excess of 74.6 kW or 100 hp need not be
operated faster than 1 cycle per minute,

d) A test voltage as described in 7.3.2.4, and
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e) With power factor (for an ac switch) of 0.45 — 0.50 maximum.

There shall not be any electrical or mechanical malfunction of the device or welding of the contacts. The
ground fuse shall not have opened. Burning or pitting of the contacts shall be considered to be acceptable,

but line-to-line breakdown shall be considered to be unacceptable.

Table 17
Overload-test currents in amperes for alternating-current switches
Switch in rating 120V 240V 480 V 600 V
kW hp 10 2¢ 30 10 2¢ 30 10 20 30 10 20 30
4-Wire 4-Wire 4-Wire 4-Wire
0.373  1/2 58.8 - 40 29.4 - 20 - - 10 =~ - 8
0.56 3/4 828 288 50 41.4 144 25 21 7.2 125 | . {6.8 6 10
0.746 1 96 38.4 60 48 19.2 30 24 9.6 15 19.2 7.8 12
1119 1172 | 120 54 80 60 27 40 30 13.8 20 24 10.8 16
1.492 2 144 708 100 72 35.4 50 36 18 25 28.8 | 14.4 20
2.238 3 204  99.6 102 498 64 51 2502 32 408 | 198 256
3.73 5 336 158 168  79.2 92 84 39.6 46 672 | 31.8 368
56  7-1/2 | 480 228 240 114 127 126 54 63.5 96 48 50.8
7.46 10 600 288 300 144 162 166 72 81 120 60 64.8
11.19 15 432 216 232 108 116 84 93
1492 20 564 282 290 138 145 114 116
1865 25 708 354 865 174 183 144 146
2238 30 828 414 435 210 218 168 174
29.84 40 1 080 540 580 270 290 216 232
37.3 50 1 360 678 725 336 363 270 290
4476 60 870 435 348
5595 75 1 085 543 434
74.6 100 1 450 725 580
93.25 125 1815 908 726
111.9 150 2170 1 085 868
1492 200 2900 1 450 1160
186.5 250 1 825 1 460
2238 300 2200 1760
261.1 350 2556 2040
298.4 400 2900 2320
3357 450 3250 2600
373.0 500 3625 2900
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Table 18
Overload test currents in amperes for direct-current switches

Rating 125 V 250 V 600 V
kW hp

0.746 1 38 19 7

1.119 1-1/2 53 26 10
1.492 2 68 34 14
2.238 3 100 49 20
3.730 5 160 80 33
5.600 S 230 46 48
7.460 10 304 152 64
11.19 15 448 220 92
14.92 20 592 288 124
18.65 25 - 356 152
22.38 30 - 424 184
29.84 40 - 560 244
37.30 50 - 692 300

7.3.1.3 A gengral-use switch that also has a horsepower o kilowatt rating greater than 14.6 kW or 100
hp shall be sulpjected to the overload tests required in 7.3¢t,1 and 7.3.1.2. If both tests ar¢ performed on
the same sample, the number of operations required in<Z.3.1.1 may be reduced to 40.
7.3.1.4 A double-throw switch shall be subjected $0“four overload tests, as follows:

a) With the line connected to the hinge jaws and the load connected to one set gf contact jaws,

b) With the line connected to the*hinge jaws and the load connected to the other|set of contact
jaws,

c) With the line connected to one set of contact jaws and the load connected to the hinge jaws,
and

d) With the lineconnected to the other set of contact jaws and the load connected to the hinge
jaws.

7.3.1.5 A double-throw-switch-feruse-as-optional-standby-systems-in-accordance-with-Arnex A, Ref. No.

1, shall be tested according to one of the following methods:

a) Subjected to the overload test using both sets of contacts simultaneously. During the test,
the source of one set of contacts shall be displaced 120 electrical degrees from the source of
the other set of contacts for a 3-phase supply or 180 electrical degrees for a single-phase

supply.

b) If the double-throw switch is provided with a mechanical means to reduce the likelihood of
the load switching from the normal source of supply to an alternate source of supply in one
continuous motion, testing in accordance with 7.3.1.4 shall be permitted.
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c) If the double-throw switch is constructed such that the movable contact of the normal supply
is not in motion at the same time as the movable contact of the alternate supply, testing in
accordance with 7.3.1.4 shall be permitted.

7.3.1.6 A cycle for a double throw-switch for use as optional standby systems in accordance Annex A,
Ref. No. 1, is defined as making and breaking the required test current on both sets of contacts.

7.3.2 Test conditions

7.3.2.1 A switch shall be mounted as in actual service with the door or cover and any other openings
closed. The line terminals shall be connected to a supply circuit, and the load terminals shall be connected

to the necessa

ry resistance or impedance.

7.3.2.2 A deadlfront switch shall be mounted in a panelboard or on a representative ch

spacings from
representative

7.3.2.3 A swit(
only shall be
connected thaf

7.3.2.4 The oq
the closed-cirg
normal-frequer]

7.3.2.5 A switq
The test shall
components of
may be shunte
in that phase. ]
formula:

in which PF is

7.3.2.6 A swit
enclosure conr
conductor. If g
connected thro

live parts in the switch to the main bus structure and to grounded. cha
of those in the complete panelboard.

h intended for use on dc circuits and a switch not specially marked for altg
ested with direct current, with a noninductive resistancesload, and with

en-circuit voltage shall not be less than 100 percent.of the rated voltage of
uit voltage shall not be less than 90 percent of‘the rated voltage of thg
cy recovery voltage shall be equal to the rated\woltage of the device.

h intended for ac circuits only shall be tested with alternating current with an
be made on a circuit having a maximum frequency of 60 Hz. Resistance
the load shall not be connected in.parallel, except that an air-core reacto
H by resistance, the loss in which.is-approximately 1 percent of the total pow
'he shunting resistance used with an air-core reactor may be calculated fro

Rsy = 100[(1/PF) - PFIE/

the power factoryE is the closed-circuit phase voltage, and | is the phase (

Ch intendéd-for use on circuits having one conductor grounded shall be
ected.through a 30 ampere non-delay, non-renewable-type cartridge fuse t
n enclosed switch is intended for use on other types of circuits, the enc
ugh a similar fuse to the live pole least likely to strike to ground.

hssis, provided
ssis metal are

rnating current
the device so

the enclosure will be positive in potential with respect to-the nearest arcing point.

he switch, and
switch or the

inductive load.
and reactance
r in any phase
br consumption
M the following

urrent.

ested with the
b the grounded
osure shall be

7.3.2.7 A 2-wire and a 3-wire switch intended for use on either 3-wire dc or single-phase ac circuits with
grounded neutral shall be tested on a 3-wire dc circuit with grounded neutral, with the switch connected
to the outside conductors of the circuit, and with the enclosure grounded as indicated in 7.3.2.6. If the
switch is intended for use with alternating current only, it shall be tested with alternating current in a similar

manner and in

accordance with 7.3.2.5.
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7.3.2.8 A 3-wire switch without a solid neutral intended for use on ac circuits other than that described in
7.3.2.7 and a 4-wire switch having a solid neutral shall be tested on a 3-phase circuit with a 3-phase
balanced load.

7.3.2.9 A 4-wire switch without a solid neutral and a 5-wire switch shall be tested on a single-phase circuit
with connections to adjacent poles, one pole being that nearest the enclosure. If the spacings between
the poles differ, an additional test shall be made with connections to the pair of poles having the least
separation.

7.3.2.10 A switch marked for isolating use only and rated at more than 1 200 A at 250 V or less shall be
subjected to the overload test with a current of 1 800 A. A switch marked for isolation use only and rated
at more than 600 A at more than 250 V shall be subjected to the overload test with current 900 A. See
9.2.12.

7.4 Endurancp test

7.41 The sarn
operated:

he switch previously subjected to the overload test shall perform sucg¢essfully when

a) Forlthe number of cycles and rate of speed indicated in Table.19,
b) Ma
at mor
250 V

e only, rated
more than
N 9.2.12,

ing and breaking 100 percent of its rated current,.Switches for isolating us
b than 1 200 A at 250 V or less, and switches rated at more than 600 A at
may be operated without current, if the switch.is'marked in accordance wit
c) Wit cent of the
rated v

N the test potential as described in 7.3.2:4 for an ac switch and within 5 pe
oltage of the switch if direct current is wsed, and
d) With a power (factor for an ac switch)of 0.75 — 0.80 maximum.

be any electrical or mechanical malfunction of the device or welding of thg¢ contacts. The
all not have opened. Burfiing or pitting of the contacts shall be considered to|be acceptable,

There shall no
ground fuse sh

but line-to-line

7.4.2 For a s\
test for the hor
test for the ger

breakdown shall be considered to be unacceptable.

itch having both\ampere and horsepower or kilowatt horsepower ratings,
sepower- or kilowatt-rated sample need not be conducted if represented by
eral-use rating.

the endurance
the endurance
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Table 19
Endurance test cycles
Switch rating in Number of cycles of Number of cycles of operation
amperes operation per minute? With current Without current Total
30 - 100 6 6 000 4 000 10 000
200 5 6 000 2 000 8 000
400 4 1 000 5 000 6 000
600 3 1 000 4 000 5000
800 2 500 3 000 3 500
1200 1 500° 2000 2500
1 600 — 2 500 1 500 2 000 2 500°
3 000 — 4 @66 44 406 406 1 500°
2 The indicated pumber of cycles of operation per minute applies only to that part of the test made with currerft. When no
current is used, the switch may be operated at any convenient speed.
b For a switch marked “For isolating use only” (see 9.2.12) the switch is not operated with current in'the endufance test.
¢ For switches rgted over 1 200 A at 250 V or less and marked in accordance with 9.2.12, the totaliumber of|operations is
1000 without curfrent.
d Rate of operation: 1 cycle per minute for first ten operations; thereafter in groups of five {atyi”cycle per minufe) with an
interval between|groups that is agreeable to all concerned.

7.4.3 For hors
greater — the
motor-running
percent of the

7.4.4 The curr|
for a 2-phase,

7.4.5 The end
the overload tg

rated current of the device or the current seleCted from the appro
currents stated in Table 20 and 21. A fused mbtor-circuit switch shall bg
current given in Table 20 and Table 21. See also 9.2.4.

ent for the common wire of a 2-phase, 3-wire system is 1.414 times the va
{-wire system.

irance test of a double-throw switch shall be made with the connections tha
st to be the most severe (see-7.3.1.4).

epower- or kilowatt-rated switches, the endurancectest shall be made with whichever is

priate full-load
tested at 125

ue in Table 20

t are shown by

7.4.6 In determining if a switch complies with the requirements in 7.4, test conditions shall be as
described in 73.2.
Table 20
Endurance-test currents in amperes for alternating-current switches
Switch rating in 120 V@ 240 V 480 V 600 V
kw hp 19 20 30 10 20 30 10 20 30 10 20 3¢
4-Wire 4-Wire 4-Wire 4-Wire
0373 12 9.8 - 4.4 - - 22 - - 1.1 - - 0.9
0560  3/4 13.8 4.8 6.4 6.9 2.4 3.2 35 1.2 1.6 238 1.0 1.3
0.746 1 16 6.4 8.4 8 3.2 4.2 4.0 1.6 2.1 3.2 1.3 1.7
1.119 1172 20 9.0 12 10 45 6 5.0 23 3 4.0 1.8 2.4
1.492 2 24 11.8 136 12 5.9 6.8 6.0 3.0 3.4 4.8 2.4 2.7
2.238 3 34 16.6  19.2 17 8.3 9.6 8.5 4.2 4.8 6.8 3.3 3.9
3.73 5 56 264 304 28 132 152 14. 6.6 7.6 1.2 5.3 6.1
560  7-1/2 80 38 44 40 19 22 21 9 11 16 8 9
7.46 10 100 48 56 50 24 28 26 12 14 20 10 11
11.19 15 135 72 84 68 36 42 34 18 21 27 14 17

Table 20 Continued on Next Page
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Table 20 Continued

Switch rating in 120 va 240 V 480 V 600 V
kW hp 1 20 30 1 20 30 1 20 30 19 20 30
4-Wire 4-Wire 4-Wire 4-Wire
14.92 20 - 94 108 88 47 54 44 23 27 25 19 22
18.65 25 - 118 136 110 59 68 55 29 34 44 24 27
22.38 30 - 138 160 136 69 80 68 35 40 54 28 32
22.84 40 - 180 208 176 90 104 88 45 52 70 36 41
37.30 50 - 226 260 216 113 130 108 56 65 86 45 52
44.76 60 - - - - - 154 - - 77 - 62
55.95 75 — — — — — 192 — — 96 — - 77
74.60 100 - - . - - 248 - - 124 - - 99
9325 125 - - - - - 312 - - 156 \ - 125
1119 150 - - - - - 360 - - 180 - - 144
149.2 200 - - - - - 480 - - 240 - - 192
186.5 250 - - - - - - - - 302 - - 242
223.8 300 - - - - - - - - 361 - - 289
261.1 350 - - - - - - - - 414 - - 336
298.4 400 - - - - - - — - 477 - - 382
335.7 450 - - - - - - — - 515 - - 412
373.0 500 — — — — — — =~ — 590 — — 472
a For 127 V ratings, the test is conducted at rated voltage with the currents*in this column.
Table 21
Endurance-test currents in amperes for direct-current switches
Syitch rating 125V 250 V 600 V

kW hp

0.746 1 9.4 4.7 1.8

1.119 1-1/2 13.2 6.6 2.6

1.462 2 17 8.5 3.4

2.238 3 25 12.2 5.0

3.73 5 40 20 8.3

5.60 7-1/2 58 29 12

7.46 10 76 38 16

11.19 15 112 55 23

14.92 20 148 72 31

18.65 25 - 89 89

22.38 30 - 106 46

29.84 40 - 140 61

37.30 50 - 173 75
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7.5 Dielectric

voltage-withstand test

7.5.1 A single-throw switch (with fuses, if any, in place) shall withstand for 1 minute without breakdown
the application of a 60 Hz essentially sinusoidal voltage of 1 000 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 the line and load terminals with the switch open.

7.5.2 A double-throw switch for use in optional standby systems in accordance with Annex A, Ref. No. 1,

shall have the

otential voltage applied:

a) Bet
source]

b) Bet
c) Bet

d) Bet
norma

7.5.3 To deter
test, the devics
can be varied.

ween live parts and the enclosure with the contact alternately closed to ea

lveen terminals of opposite polarity with the contacts closed,
veen live parts of different circuits, and

ween terminals of the normal source and the alternate source with the swit
and alternate positions.

Mmine if a switch complies with the requiremgnts in Clause 7.5, Dielectric vo
shall be stressed by means of a 500 VA:Gorlarger transformer, the output v
The applied voltage shall be increased\from zero until the required test vz

and held at thdt value for 1 minute. The increase in‘the applied voltage shall be at a subst

rate and as raf
less than 500

7.6 Clamped
7.6.1 A clamp

a) The
inch) v
(1/8 in
betweeg
spacin

Did as is consistent with its value being correctly indicated by the voltmeter
/A shall be permitted if the output voltage is measured directly.

oint test
pd joint between twelinsulators (reference 6.6.1.18) shall be tested using tv

clamped joint ‘on the first sample shall be opened up to produce a space

ide. This may be accomplished by loosening the clamping means or by dr
ch) diameter hole at the joint between the insulators at a point of minimum
n the-metal parts on the opposite sides of the joint. The drilled hole shall n
jsbetween the opposite polarity parts as measured through the crack betwy

insulat

h supply

ch in both

tage-withstand
bltage of which
llue is reached
bntially uniform
A transformer

0 samples:

B.2 mm (1/8
lling a 3.2 mm
spacing

ot decrease
een the

determined

by applying a gradually increasing voltage (500 V per second) until breakdown occurs.

b) The second sample, with the clamped joint intact, shall be subjected to a gradually
increasing 60 Hz voltage until 110 percent of the breakdown voltage of item (a) has been
reached. If the breakdown voltage of item (a) is less than 4 600 V rms, the voltage to be
applied to the second sample shall be further increased to 5 000 V rms and held for 1 second.
There shall be no electrical breakdown of the second sample.
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7.7 Close-open test

7.7.1 Switches rated higher than 10 000 amperes short-circuit current shall comply with the Close-open
test requirements in 7.7.2 — 7.7.6.

7.7.2 A deadfront switch shall be mounted and connected to the test circuit in the same manner as for
the overload test as specified in 7.3.2.2.

7.7.3 The test

conditions shall be as follows:

a) A previously untested sample shall be used.

b) Th

line terminals of an ac rated switch shall be connected to the power supp

y circuit and

the loq
be as

c) Thg

d terminals of the switch to an inductive load. The connections for a dc rat
bpecified in 7.3.2.3.

test circuit shall be as follows:

i) For dc rated switches, testing shall be on a dc citcuit with a time const
than 0.003 s. The time constant shall be measured on the oscillogram of
current where the value is 63.2% of the maximum current.

i) For ac rated switches, the power factor of the load shall be 0.45 — 0.5Q.

bd switch shall

ant not less
the test

d) Thg current shall be 600% of the rated currentof the device.

e) A shunting resistance as described in 7.3:2,5 shall be permitted.

f) The|open-circuit test voltage shall not be less than 100% of the rated voltage df the device.
g) Thg closed-circuit test voltage shall not be less than 90% of the rated voltage pf the device,
or the hormal-frequency recovery-voltage shall be equal to the rated voltage of thg device.

h) A ground fuse as desegribed in 7.3.2.6 shall be used.

i) A paglyphase switch-er a dc rated switch shall be subjected to 3 operations. A gwitch intended

for ussg

i) The

on single-phase ac circuits only shall be subjected to 5 operations.

time<between operations is not specified.

k) Serl

icing the blades and jaws before each operation shall be permitted. Servid

ing is

considered to be filing, lubricating, deburring, and the like. There shall not be any disassembly
of the device to accomplish the servicing. Servicing shall not include replacement of any part.

7.7.4 At the conclusion of the test, the switch shall be in operating condition. The ground fuse shall not
have opened. Burning or pitting of the contacts shall be considered to be acceptable, but line-to-line
breakdown shall be considered to be unacceptable.
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7.7.5 Upon completion of the test, the test sample shall not be serviced in any manner before conducting
the dielectric voltage-withstand test. After completion of the dielectric voltage-withstand test, servicing the
switch prior to the short-circuit withstand test shall be permitted.

7.7.6 The dielectric voltage-withstand test described in 7.5 shall be conducted following the close-open

test.

7.8 Short-circuit withstand test

7.8.1 The following switches shall be subjected to the tests outlined in 7.8 — 7.9:

a) Switches rated higher than 10 000 A short circuit current rating,

b) Un

markel“

than th

c) Fus

the sw

d) Sw
curren

Note: T

7.8.2 Switcheg
follows:

a) The
dielect
the sh
be at |
or low
provid
marke

b) If th
circuit

1d that the ac testing\is conducted with fuses with suitable current limiting g

for use with overcurrent protective devices having a continuous curreni ra
at of the switch,

led motor-circuit switches incorporating fuseholders of a current rating grea
tch, and

tches with design technologies other than the knife-blade design and a shd
rating of 10 kA or less.

e 5 000 and 7 500 A levels are applicable only to comhinations of the switch and a circuit br
that have dc short-circuit current ratings“greater than 10 000 A shall b
switch shall be subjected to short=circuit withstand, short-circuit closing an
ic withstand tests described in“Z:7 through 7.10 as required for an ac ratin
bri-circuit current value of the;dc rating to be applied. The ac test circuit cu
bast the value of the dc(Shert-circuit current rating to be applied. If the dc r
r and at the same or lower short-circuit current rating, no dc short-circuit g

in accordance-with 9.2.17.

e dc ratingis‘greater than 250 V, an additional set of short-circuit withstan
Closing tests shall be conducted at the dc voltage and dc short-circuit curre

sed switches, having a 5 000, 7 500, or a 10 000 A short-circuit current r:iting and

ting greater

er than that of

rt-circuit

baker.

p evaluated as

d low-level

y of 600 V at
rent level shall
ting is 250 V
st is required
apability and

H and short-
nt rating. The

fuses (ised inxthese tests shall be commercially available fuses having appropriat¢ dc voltage,

curren

and interrupting ratings.

Note: The fuses are not required to have specific characteristics of peak current and Ft let through. The

samples used for the additional dc short-circuit tests may be previously untested samples.

7.8.3 For switches rated for 10 000 A and below available fault current a previously untested sample shall

be permitted.
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7.8.4 For a double-throw switch, the tests specified in 7.8.1 shall be performed on both sets of contacts.
If the construction of both sets of contacts are representative of each other, the test need only be
conducted on one set.

7.8.5 A circuit capable of providing the maximum short-circuit current for which the switch is rated shall
be closed on the sample. The switch shall withstand the designated current until the overcurrent protective
device or devices specified in 7.8.7 opens, or, for a switch not marked as requiring a specific overcurrent
protective device, for 0.050 s. After the circuit is opened:

a) The fuse connected to the enclosure shall not have opened,

b) There shall not be any breakage to the extent that the integrity of the mounting of live parts
is impaired

c) Theg
open (

d) The

e) Fug
from tH
ground

f) Cra
more i

7.8.6 For the t

a) The
rated |

b) The
shall n

c) Thg
load si
A circy
overcu
switch

door shall be kept by its latch, without bolt or lock installed therein, from b
Heformation of the case alone is considered to be acceptable),

switch shall be capable of being opened manually with the operating hang

es (neither end of a bar or tube as described in 7.8.10) shall not be compl
e fuse clips and no fuse (or line end of a bar or tube)_shall bridge from a f
ed metal.

tking or crazing of a viewing window is acceptable but a hole or opening of
h any dimension shall not occur.

est mentioned in 7.8.5:

oltage of the switch.

available rms symmetrical 'short-circuit current or prospective direct currer]
bt be less than the short-Circuit current rating of the switch.

circuit shall be-as indicated in Figure 2, with any overcurrent protection dg
He, and shall,inelude the necessary measuring equipment and the fuse-mo
it breaker,shall be used if specified for use with an unfused switch. Conne
Frent protection means on the line side of an unfused switch shall be perm
is marked as indicated in 9.2.22.

d) The

eing blown
le, and
btely ejected

ise clip to

6.4 mm or

open-circuit voltage of the power-supply circuit shall not be less than the naximum

t in amperes

vice on the
Linting means.
ting

tted if the

o : I ollows:

i) For an ac circuit, the power factor of the circuit shall be 0.45 to 0.50 lagging for a
circuit of 0 to 10 000 A, except the power factor shall be 0.85 to 0.95 lagging for fuses

rated 100 A or less, 0.25 to 0.30 lagging for a circuit of 10 001 to 20 000
0.20 lagging for circuits over 20 000 A.

i) For a dc circuit, the time constant shall not be less than 0.003 s for 10
and 0.008 s for circuits greater than 10 000 A.

A, and 0.15 to

000 A or less,

e) The enclosure of the switch shall be connected through a 30 A nonrenewable, nondelay-type
fuse to the pole of the switch considered least likely to arc to the enclosure. The fuse shall have
a voltage rating not less than the rating of the switch being tested. This connection shall be
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made to the load side of the limiting impedance by a 10 AWG (5.3 mm?) copper wire having a
length of 1.22 to 1.83 m (4 to 6 ft). The fuse may be connected to the grounded conductor if the
switch is intended for use on a grounded system.

7.8.7 The overcurrent protection devices specified in 7.8.5 shall be one of the following:

a) For ac rated fused or unfused switches rated 10 kA AIC and less, externally connected
Class H fuses (maximum rating for the case size of the rating specified),

b) For ac rated fused switches rated higher than 10 kA AIC, fuses as described in 7.8.12,

c) For ac rated unfused switches rated higher than 10 kA AIC, externally connected fuses as
described in 7.8.12, or circuit breakers as marked on the switch, or

d) Forldc rated switches, see 7.8.2.

7.8.8 Performipg the test specified in 7.8.5 without overcurrent protective devijegs shall bg permitted if it
can be shown that the test-circuit current was maintained for a period of time _at least equal to the opening
time of the spqcified overcurrent protective devices at the level of current«involved.

7.8.9 For the performance of the test, the line and load terminals ofdhe switch shall be cgnnected to the
corresponding [test-circuit terminals by short copper wire leads, maximum 1.22 m (4 ft) perf terminal, each
of which has ap ampacity not less than the current rating of the switch. Leads more than [1.22 m (4 ft) in
length may bd used if the excess length over 1.22 m (4. ft)is included in the test circuit when it is
calibrated.

7.8.10 For a gwitch rated greater than 10 kA AIC that employs an integral fuseholder, al copper bus or
tube having a|cross-section not smaller than the®lade (or ferrule) of the fuse that thé fuseholder is
intended to ac¢gommodate shall be installed in each fuseholder in the switch. Each of thesg bars or tubes
may be individially reinforced to enable it to withstand the short-circuit forces. If the fuse is|intended to be
secured in plage by bolts, the test shall be-¢conducted with the bolts in place if the bar or fube would not
otherwise remain in position. Otherwisg; the test shall be performed with the bolts omitted.

7.8.11 A deadfront switch shallsbe tested when installed in a representative paneldoard, or on a
representative [chassis, in accordance with 7.2.8, except that the cross-section of the main[bus bars need
not be larger than the bus bars‘in the panelboard in which the switch is intended to be uged. The switch
shall be mounted in the~top position and any unused positions in the panelboard may be filled with
additional swit¢hes or clgsed with filler plates. The line terminals of the panelboard and thq load terminals
of the switch shall bexconnected to the corresponding test-circuit terminals as specified ip 7.8.9, except
the ampacity ¢f the-line leads shall be not less than the ampere rating of the main bus bars of the
panelboard usediin the test

7.8.12 Fuses used in tests for ac ratings shall have characteristics representing the peak let-through
current (l,) and clearing I°t values associated with the maximum rated fuses that the device accepts, or
by which the device is to be externally protected. For an unfused switch, it shall be assumed that
protection will be provided by the maximum fuse in the case size of the indicated fuse. Each of these fuses
shall be of such characteristics that when tested on a single-phase circuit, it will permit a peak let-through
current and a clearing 1°t of not less than the corresponding values specified in the requirements for the
class and current and voltage ratings of the fuse intended for use in the switch being tested. The use of
special test fuses having the required characteristics shall be permitted (see Table 22). The use of special
test fuses of the same physical dimensions as a fuse the enclosed switch is intended to accommodate
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may be used in place of the dummy fuses in the switch. To obtain the required values of these
characteristics, it may be necessary to employ a fuse having a current rating larger than that of the fuse
that the switch accommodates and of a different class.

7.8.13 The fuse referred to in 7.8.12 may be any Class L fuse without regard to its peak let-through
current and clearing 12, if the test current is below the point (threshold value of the fuse) where the fuse
is considered to be current-limiting.

7.8.14 Fuses used for ac tests shall be selected from a lot from which two samples have been selected
and calibrated to determine that their I1°t and |, characteristics comply with the prescribed values called for
in 7.8.12. Two samples from the lot shall be calibrated if the fuses are of Class G, J, RK5, C, or T, and
one sample if the fuse is Class L.

7.8.15 Switchjs designed for use with special purpose fuses are to be tested using requirements in this
standard for that Class fuse for which the special purpose fuse is marked as. haying the same
performance specifications.

7.8.16 With the device in the fully closed position, the test circuit shall be closed on ;Fe device. For
devices tested|on a single-phase alternating current circuit, controlled closing shall be employed so that
maximum current flow (l,) is obtained. The closing angle shall be essentially at the zerq of the voltage
wave (maximum offset) or later, to produce the start of arcing within<30 €lectrical degrees prior to system
peak voltage.

Table 22
Peak-let-through currents and glearing 1%t for fuses

Fuse rating, | Bptween threshold and 100 kA 200 kA 300 kKA
amperes 50 kA

b x 103 1%t x 108 I, x 103 1%t x 103 1, x 10° 1t x 108 I, x 10 1%t x 103

Class C Fuses

0-30 - - 5 - 12 15
31 -60 - - - - 20 60
61— 100 - - - - 30 200
101 — 200 - - - - 40 750

201 — 400 - - - - 70 4000
401 - 600 - - - - 100 10000
601 — 800 - - - - 115 25000
801 — 1200 - - - - 125 40000

Class CC Fuses

0-15 3 2 3 2 4 3
16 - 20 3 2 4 3 5 3
21 -30 6 7 7.5 7 12 7

Class CF Fuses

0-230 6 7 7.5 7 12 7 18.5 8.4
31 -60 8 30 10 30 16 30 24.4 36
61 —-100 12 60 14 80 20 80 28.4 96

Class G Fuses

0-1 - - 1 0.8 - -
2-3 - - 15 12 - -

Table 22 Continued on Next Page
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Table 22 Continued

Fuse rating,| Between threshold and 100 kA 200 kA 300 kA
amperes 50 kA
Ipx103 1%t x 108 Ipx103 12t x 103 Ipx103 1’t x 108 Ipx103 1%t x 103
4-6 - - 2 1.8 - -
7-10 - - 3 2.8 - -
11 - 15 - - 4 3.8 - -
16 — 20 - - 5 5 - -
21 -25 - - 6 6 - -
26 — 30 - - 7 7 - -
31-35 - - 8 14 - -
36 — 40 - - 8.5 17 - -
41 — 45 - - 9 18.5 - -
46 — 50 - - 9.5 21 - -
51 - 60 - - 10.5 25 - -
300-Volt Class T Fuses

0-30 5 3.5 7 3.5 9 35

31 -60 7 15 9 15 12 15
61— 100 9 40 12 40 15 40
101 — 200 13 150 16 150 20 150
201 — 400 22 550 28 550 35 550
401 - 600 29 1000 37 1000 46 1000
601 — 800 37 1500 50 1500 65 1500
801 — 1200 50 3500 65 350Q 80 4000

Class J and 600¢Volt Class T Fuses

0-30 6 7 7.5 7 12 7 18.5 8.4
31 -60 8 30 10 30 16 30 24.4 36
61— 100 12 60 14 80 20 80 28.4 96

101 — 200 16 200 20 300 30 300 42.4 360
201 — 400 25 1000 30 1100 45 1100 66.4 1320
401 - 600 35 2500 45 2500 70 2500 101.4 3000
601 — 800 50 4000 55 4000 75 4000

Class L Fuses
601 — 800 80 10000 80 10000 80 10000 79.2 12000
801 — 1200 80 12000 80 12000 120 15000 107.8 18000
1201 — 1600 100, 22000 100 22000 150 30000 143 36000
1601 — 2000 0 35000 120 35000 165 40000 158.4 48000
2001 — 2500 - - 165 75000 180 75000 170.5 90000
2501 — 3000 - - 175 100000 200 100000 225.5 120000
3001 — 4000 - - 220 150000 250 150000 286 180000
4001 — 5000 - - - 350000 300 350000 286 420000
5001 — 6000 - - - 350000 350 500000 399.3 600000
Class RK5 Fuses?

0-30 11 50 11 50 14 50 21 60
31 -60 20 200 21 200 26 200 35 240
61— 100 22 500 25 500 32 500 40 600
101 — 200 32 1600 40 1600 50 2000 62 2400

201 — 400 50 5200 60 5000 75 6000 90 7200

Table 22 Continued on Next Page


https://ulnorm.com/api/?name=UL 98 2023.pdf

56 NMX-J-162-ANCE-2016 ¢ CSA-C22.2 NO. 4-16 ¢ UL 98 FEBRUARY 12, 2016
Table 22 Continued
Fuse rating,| Between threshold and 100 kA 200 kA 300 kA
amperes 50 kA
I, x 103 1%t x 103 I, x 103 1’t x 10% 1, x 103 1%t x 103 I, x 103 1’t x 108
401 — 600 65 10000 80 10000 100 12000 124 14400
@ The value for a Class RK5 fuse is to be used when a Class RK1 fuse is specified for overcurrent protection.

7.9 Low-level

dielectric voltage-withstand test

7.9.1 Unless the same sample is to be subjected to the closing test, a switch that has been subjected to

the short-circui
be twice the r.

7.10 Short-ci
7.10.1 A switd

which the swit
7.8.5(a) — 7.8.1

7.10.2 The sample for this test shall be either that used for the short*cCircuit withstand test

untested samp
test, see 7.8. (

7.10.3 The die
7.11 Strength

7.11.1 Theins
of conductors
For a switch m
the highest tor

7.11.2 Damag
recesses, or 0
bend or twist; g
is acceptable if
permanent def

ed voltage of the switch but not less than 900 V.
cuit closing test

h shall be closed on a circuit capable of providing the maximum short-cir
Ch is rated. After the circuit has cleared, the switch shall cemply with the

(f).

le. The conditions of the closing test shall be the<same as for the short-c
omplete physical closure of the switch contacts,need not be established.

lectric voltage-withstand test described in‘/:9 shall be performed following t
of insulating base and support test

ulating base of a switch shall nétbe damaged when wire connectors securin
bf rated ampacity are tightened to 110 percent of the torque value marked
arked for use with coppéer/aluminum conductors, the wire connectors shall
jue value of either conductor.

b is considered.to.have occurred if the base insulating material cracks or rot
her means tg_prevent turning do not perform their intended function; if strg
r if members-move at electrical joints. Minor chipping or flaking of brittle ins
the performance is not otherwise impaired. Momentary flexing of metallic m
brmation-is acceptable.

st voltage shall

cuit current for
equirements of

or a previously
rcuit withstand

he closing test.

g short lengths
on the switch.
be tightened to

ates; if bosses,
ps or bus bars
Llating material
embers without
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7.12 Electrically tripped switches

7.12.1 General

7.12.1.1 An electrically tripped switch shall be investigated by subjecting representative devices to the

tests described in 7.12.2 —

7.12.2 Temperature test

7.12.6. See 7.1.1 for samples requirements.

7.12.2.1 The maximum temperature rise on a coil or winding intended for continuous duty shall, when
operated at rated voltage, not be greater than that indicated in Table 23.

Table 23

Maximum acceptable temperature rise on coils

Wire wound on coils °C

A. Class 90 ingulation systems:

Thermocouple method 50

Resistance method 70
B. Class 105 ipsulation systems:

Thermocouple method 65

Resistance method 85
C. Class 130 jnsulation systems:

Thermocouple method 85

Resistance method 105
D. Class "Ovdr 220” insulation systems No limit spefified

7.12.2.2 A coil
rated voltage dontinuously.

7.12.3 Operatipn test

7.12.3.1 An el

or winding intended for continuous\duty shall be capable of withstanding 11

open the switgh, except that amelectrical trip device intended to function when a grou

operate succes

7.12.3.2 Anel

sfully at 55 pefrcent of its rated voltage.

betrically tripped mechanism intended to be powered by a source independe

0 percent of its

bctrically tripped mechanism shall operate successfully at 75 percent of its fated voltage to

nd exists shall

nt of the circuit

controlled by the switch) shall operate successfully at 85 percent of its rated voltage regardless of the

intended switch function.
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7.12.4 Contact opening test

7.12.4.1 An electrically tripped switch shall perform successfully when operated by the electrical tripping

mechan

ism:

a) Breaking the levels of current as indicated in Table 24,

b) For five operations for a switch intended for use on a single-phase circuit only, and for three

operati

ons for all other switches,

c) At any rate of speed,

d) At

test potential as described in 7.3.2.4

e) At @ power factor of 45 — 50 percent for ac rated switches, and

f) For dc rated switches, a load with a time constant of not less than 0-008 secor|ds.
Table 24
Circuit-opening - current multiplier
Item Type of switch ac test current d¢ test current

1 Eleqrically tripped 10 times rated times rated

2 Eledrically tripped — for use with Class Il ground-fault sensing.and 10 times rated times rated
relaying equipment

3 Eledrically tripped — with integral lockout (6.14.2) — for use with Class 10 times rated times rated
| grqund-fault sensing and relaying equipment

4 Eledrically tripped — without integral lockout (6.14.2) — for use with 12 times rated times rated
Clags | ground-fault sensing and relaying equipment

7.12.5 Endura

7.12.5.1
tripping

Current” opera

An el
has odg

hce test

with the endurgnce test on the-switch.

bctrical tripping mechanism, including any switch used to deenergize the tr
curred, shall be capable of performing successfully for 10 percent of the n
lions, at the rate. ©f operation shown in Table 19. The test may be performeg

pping coil after
imber of “"With
in conjunction
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7.12.6 Other tests

7.12.6.1 If an electrical tripping mechanism affects the parts involving the mechanical or arcing
characteristics of an enclosed switch because of its proximity to such parts, the switch with the electrical
tripping mechanism installed shall be subjected to the overload and endurance tests.

7.13 Mold stress relief test

7.13.1 Except for rigid thermosetting materials, conditioning of the equipment as described in 7.13.2 shall
not cause softening of the material as determined by handling immediately after the conditioning, nor shall
there be any shrinkage, warpage, or other distortion as judged after cooling to room temperature, that
results in any of the following:

a) Redluction of spacings between uninsulated live parts of opposite polarity, unitsulated live
parts gnd accessible grounded metal, uninsulated live parts and the enclosure bejow the
minimym acceptable values,

b) Making uninsulated live parts or internal wiring accessible to contact; or defeaiing the
integrity of the enclosure so that unacceptable mechanical protection®is not afforded to internal
parts df the equipment, and

c) Caysing interference with the intended operation or sefvi¢cing of the equipment

7.13.2 One cdmplete switch shall be placed in a full-draftcirculating-air oven maintaingd at a uniform
temperature af least 10°C higher than the maximum tempetrature of the material measyred during the
temperature tepst, but not less than 70°C in any case. The sample shall remain in the oven for 7 hours.
After its remoyal from the oven and return to room«temperature, the sample shall be ipvestigated for
compliance with 7.13.1.

7.14 Insulating barriers test
7.14.1 With repard to the 6.6.2.5, 6.6.2.7,~and 6.6.2.8(b), the barrier material shall be placed between two
metal electrodgs. The electrodes shall be cylindrical brass or stainless steel rods 6.4 mm (1/4 inch) in
diameter with ¢dges rounded to a:0.8 mm (1/32 inch) radius. The test potential shall be increased to the
test value and|shall be maintained for 1 second. The result shall be acceptable if there |is no dielectric
breakdown.
8 Ratings

8.1 General

8.1.1 A general-use switch shall be rated in amperes and volts and may, in addition, be rated in
horsepower or kilowatts. A fused motor-circuit switch shall be rated in horsepower or kilowatts and volts
and also in maximum full-load amperes. A short-circuit-current rating of a switch shall be in accordance
with 9.2.14 — 9.2.25.
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8.1.2 A double-throw switch intended for use as optional standby systems in accordance with Annex A,
Ref. No. 1, shall be rated in full load ampere and volts, and may be additionally rated in horsepower.

8.2 Current

8.2.1 The current rating of a general-use switch shall be 30, 60, 100, 200, 400, 600, 800, 1 200, 1 600,
2 000, 2 500, 3 000, 3 500, or 4 000 A.

8.2.2 The maximum full-load current rating (see 8.1.1) of a fused motor-circuit switch shall be the whole
number nearest to 125 percent of the appropriate value selected from Table 20 or Table 21, but the
horsepower or kilowatt rating shall be such that the maximum full-load current rating will not be more than
87 percent of the current rating of the fuseholder.

8.3 Voltage

8.3.1 The voltage rating of a switch shall be as indicated in Table 25.

8.3.2 Table 25
where all of thg

one or more ¢f the applicable ratings shown for a switch having fewer poles. The rg

applicable dep
8.3.3, the 120/
3-wire ac or dqg

8.3.3 A 3-wirg
120/240 V ac,

a) The
b) If th
switch

rating

c) Thg

provides various voltage ratings for a given type of switch. To indicate its
poles of the switch will not be used, a switch may have, innaddition to the g

end upon the fusing, spacings, and test performancé of the switch. Exce
system having a grounded neutral.

switch having three blades and three fuses may have an additional v
or 125/250 V dc, under the following conditions:

switch nameplate carries the applicable standard voltage rating,
e switch nameplate carrying the-standard voltage rating appears on the ou
enclosure, the nameplate.shall be marked “For special water-heater applic

nside”,

additional voltagesrating appears on a wiring diagram showing the use of

use on circuits
tandard rating,
ting or ratings
pt as noted in

P40 V ac and the 125/250 V dc rating is applicablefonly to a switch intended for use on a

ltage rating of

tside of the
ations, see

he switch on

a 2-wile 240 V (or 250.V) water-heater circuit derived from an Edison 3-wire syst¢m having a

ground
heater

d) The
rating.

ed neutral, with-auxiliary equipment to provide off-peak service to a dual e
and

switehuperforms acceptably when subjected to the tests appropriate for th

ement water

b additional
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Table 25
Permissible voltage ratings of enclosed and deadfront switches

Switch configuration Voltage rating

Number of wires Number of blades Number of fuses Direct current Alternating current

A 1 1 1 or none 125 120
127

B 2 1 with 1 or none 125 120
solid neutral 127
2502 2402
347

C 2 2 1 125 120
127
2502 2402

D 2 2 1, 2, or none 120

127
125 120/240

125/250 2402
2502 4802
6002 6002

E 3 2 with 2 or none 120
solid neutral 125/250 127
120/240
220Y/127
2402

F 3 3 2 120

125/250 127
120/240
220Y/127

2402

G 3 3 None 120
120/240
125/250 2402
4802
6002

H 3 3 3 120
2402
4802
6002

4 3 with 3 or none 2402
solid neutral 4802
6002

J 4 4 3 2408
4802
6002

K 4 4 4 or none 120
2402
4802

Table 25 Continued on Next Page


https://ulnorm.com/api/?name=UL 98 2023.pdf

62

NMX-J-162-ANCE-2016 ¢ CSA-C22.2 NO. 4-16 ¢ UL 98

FEBRUARY 12, 2016

Table 25 Continued

Switch configuration

Voltage rating

Number of wires Number of blades Number of fuses Direct current Alternating current
6002
L 5 4 with 4 or none 120/240
solid neutral
@ These ratings are not applicable to switches having plug fuses.
8.4 Horsepower or kilowatts
8.4.1 The horg ePpower-ot kitowatts |at;||9 of-a-switch-shattbeoneof-vatuesindicatecHn—taple 20 or Table
21.
8.4.2 The hordepower or kilowatts rating of a switch incorporating fuseholders shall wot be| higher than as
indicated in Taple 26.
Table 26
Power ratings of fused switches
Fuse- Swifch Power ratings, kilowatts’ (orsepower)
holder, | rating in .
2-pole single-phase 2-pole DC 3-pole, 3-phase 4-pole, 2-phase
amps volis Standard Maximum? | Standard Maximum? | Standard Maximum? | Standajd Maximum?
30 120 AC 0.373 1.492 (2) 1.119 2238 (3) | 1.492 (p) 2.238 (3)
(1/2) (1-1/2)
127 PAC
60 120 AC 1.119 2.238 (3) 2.238 (3) 5.60 (7-1/2) | 2.238 (B) 7.46 (10)
(1-1/2)
127 PAC
30 125 pC 1.492 (2) 2.238 (3)
60 125 pC 3.73 (5)
30 240 pC 1.119 21238 (3) 2.238 (3) 5.60 (7-1/2) | 2.238 (B)  7.46 (10)
(1-1/2)
60 240 AC | 2.238¢3) 7.46 (10) 5.60 11.19 (15) 5.60 14.92 (20)
(7-1/2) (7-1/2
100 240 pC 5.60 11.19 (15) 11.19 (15) 22.38 (30) | 11.19 (15) 22.38 (30)
(7-1/2)
200 240 AC [ 11.19 (15) 18.65 (25) 44.76 (60) | 22.38 (30) 37.30 (50)
400 240 AC 37.30 (50) 93.25 (125) | 37.30 (50)
600 240 AC 55.95 (75) 149.2 (200)
800 240 AC 74.60 186.5 (250)
(100)
30 250 DC 3.73 (5)
60 250 DC 7.46 (10)
100 250 DC 14.92 (20)
200 250 DC 29.84 (40)

Table 26 Continued on Next Page
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