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PREFACE

This is the harmonized ANCE, CSA Group, and UL standard for Molded-Case Circuit Breakers,
Molded-Case Switches, and Circuit-Breaker Enclosures. It is the fifth edition of NMX-J-266-ANCE, the
fourth edition of CSA C22.2 No. 5, and the thirteenth edition of UL 489. This harmonized standard has
been jointly revised on April 22, 2019. For this purpose, CSA Group and UL are issuing revision pages
dated April 22, 2019, and ANCE is issuing a new edition dated April 22, 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 Subcommittee, 121A, Molded Case Circuit Breakers on the Harmonization of
Electrotechnical-Standards he Nations of the Americas (CANENA) _are grateft knowledged.

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

The present Nlexican standard was developed by the CT CDI Control y Distribucion Industrial from the
Comite de Ndrmalizacion de la Asociacion de Normalizacion y Certificaciens A.C., CONANCE, with the
collaboration ¢f the circuit breaker manufacturers and users.
This standard|was reviewed by the CSA Subcommittee on Molded\€ase Circuit Breakers,| Molded Case
Switches and| Circuit Breaker Enclosures under the jurisdiction 'of the CSA Technical Committee on
Industrial Proqucts and the CSA Strategic Steering Committee.en Requirements for Electrigal Safety, and
has been formpally approved by the CSA Technical Committee.

This standard|has been approved by the American National Standards Institute (ANSI) ag an American
National Stanglard.

Application gf Standard

Where referemce is made to a specificsnumber of samples to be tested, the specified ndmber is to be
considered a minimum quantity.

Note: Although the intended(pritnary application of this standard is stated in its scope, it is important to npte that it remains
the responsibility of the u§ers of the standard to judge its suitability for their particular purpose.

Level of harmonization

This standard|uses the IEC format but is not based on, nor is it considered equivalent to, an|{IEC standard.

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

An equivalent standard is a standard that is substantially the same in technical content, except as follows:
Technical national differences are allowed for codes and governmental regulations as well as those
recognized as being in accordance with NAFTA Article 905, for example, because of fundamental climatic,
geographical, technological, or infrastructural factors, scientific justification, or the level of protection that
the country considers appropriate. Presentation is word for word except for editorial changes.
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Reasons for differences from IEC

This standard provides requirements for molded-case circuit breakers, molded-case switches, and
circuit-breaker enclosures for use in accordance with the electrical installation codes of Canada, Mexico,
and the United States. At present there is no IEC standard for these products for use in accordance with
these codes. Therefore, this standard does not employ any IEC standard for base requirements.

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

Identlfled, a r V;O;UII ;O tU bU PIUFUOUd do OUVUIT do PUOOIb:U tU Uauh Uf thc Otalldald development
organizations [fo more accurately reflect the intent.
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INTRODUCTION
1 Scope

1.1 The requirements of this standard cover molded-case circuit breakers, circuit breaker and
ground-fault circuit-interrupters, fused circuit breakers, high-fault protectors, and high-fault modules.
These circuit breakers are specifically intended to provide service entrance, feeder, and branch circuit
protection in accordance with the National Installation Codes in Annex B, Ref. No.1. This standard also
covers instantaneous-trip circuit breakers (circuit interrupters) specifically intended for use as part of a
combination motor controller in accordance with the National Installation Codes in Annex B, Ref. No. 1.

1.2 This standard covers molded-case switches and fused molded-case switches.

1.3 This stan@lard covers devices rated at 1000 volts ac and 1500 volts dc or less and GOJ)O amperes or
less.

1.4 The devides referenced in 1.1 and 1.2 are intended for installation in an overall encloslire or as parts
of other devices such as panelboards. The acceptability of the combination will'be determ|ned when the
complete product is investigated.

1.5 This stanpard covers circuit-breaker enclosures and accessopy, devices intended fof use with the
devices descr|bed in 1.1 and 1.2.

1.6 This stan@lard does not cover low-voltage power circuit breakers covered in Annex B, Ref. No. 3 and
Ref. No. 4 or pupplementary protectors covered in Annex Bj Ref. No. 5.

1.7 This stanflard contains supplements covering the requirements for molded-case circuif breakers for:
a) Mparine Use;
b) Naval Use;
c) Uninterruptible Power Supply Use;
d) Classified Circuit Bregkers;
e) Software in Pregrammable Components;

f) AdgitionakTests for Circuit Breakers with Electronic Overcurrent Protection;

g) Elgctromagnetic Compatibility (EMC) — Requirements and Test Methods for Circuit Breakers;
and

h) Molded-Case Circuit Breakers with Additional Motor Overload Protection.
2 Definitions

2.1 For the purposes of this standard, the following definitions apply.
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2.2 ACCESSORIES — a device or devices that perform a secondary or minor duty as an adjunct or
refinement to the primary or major duty of a molded case product.

2.3 ADJUSTABLE CIRCUIT BREAKER - a circuit breaker that has adjustable time/current tripping
characteristics. These may include:

a)

b) In

Inverse-time (such as continuous current, long time, and/or short time);

stantaneous; and

¢) Ground-fault.

2.4 ADJUSTA
can be adjuq
predetermined

2.5 ALARM S
the molded cs

2.6 AMBIENT,

range of currents.

se product with which it is associated.

-COMPENSATED CIRCUIT BREAKER - a circuit breakekin"which means a

partially or conpletely neutralizing the effect of ambient temperature’ upon the tripping cha

2.7 AMBIENT
the circuit bre
enclosure.

2.8 AUXILIAR
opening, closi

2.9 CALIBRA
circuit breake

2.10 CALIBR

2.11 CIRCUI]
to open the ci
applied within

2.12 CIRCUIT
normal circuit

TEMPERATURE - the temperature of the surrodnding medium that comes
aker or switch. For an enclosed device, it is the temperature of the mediu

Y SWITCH - a switch that operates to\open or close an auxiliary (control) ¢
g, or tripping of the molded-case product with which it is associated.

TION — the factory adjustment<gP the release mechanism of a circuit breakg
perform in accordance withvits prescribed characteristics.

ATION TEST - verifies the tripping characteristics of a circuit breaker.
" BREAKER — a device designed to open and close a circuit by nonautomat
rcuit automatically on a predetermined overcurrent, without damage to itself

its rating.

[ BREAKER AND GROUND-FAULT CIRCUIT-INTERRUPTER — a device th

WITCH — a switch that operates to open or close a circuit upon®he’ automs

K BEEIINSTANTANEOUSREEEASEA(TRIP—that-partof-anoverearrenttip element that

ted to trip a circuit breaker instantaneously at various values of,Gun

rent within a

tic opening of

e provided for

acteristics.

n contact with

m outside the

rcuit upon the

r to make the

¢ means, and

when properly

pt performs all

breaker functions and provides personnel protection by functioning to de-e

within an esta

i

blished period of time when a current to ground exceeds the values established for a Class

rgize a circuit

A device as required by the National Installation Codes in Annex B, Ref. No. 1.

2.13 CIRCUIT BREAKER AND SURGE PROTECTIVE DEVICE - a device that performs all normal
circuit breaker functions and provides protection for repeated limiting of specified transient-voltage surges
on 50 or 60 Hz power circuits not exceeding 600 V.
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2.14 CIRCUIT BREAKER ENCLOSURE - an enclosure intended to house a single, multipole, or two
single-pole molded-case products.

2.15 CIRCUIT BREAKERS WITH GROUND-FAULT PROTECTION OF EQUIPMENT - circuit breakers
that perform all normal circuit breaker functions and also trip when a fault current to ground exceeds a
predetermined value.

2.16 CLASS | GROUND-FAULT SENSING AND RELAYING EQUIPMENT - equipment that does not
incorporate means to prevent opening of the disconnecting means at high levels of fault current.

2.17 CLASS Il GROUND-FAULT SENSING AND RELAYING EQUIPMENT - equipment that
incorporates means to prevent initiation of opening of the disconnecting device if the fault current exceeds

the contact-in

2.18 CLASS
a Class CTL
which the ass

2.19 CLOSE-

purposely delayed action. The letters “CO” signify this operation.

2.20 COMMQ
open when ar

2.21 CROSS
coincides with|
curve crosses|

2.22 CURRE
operating with
wave of the s

2.23 CURRE
current and th

2.24 CURRE
without trippin

2.25 DIELEC
spacings used

£ il £ 1l ~H e Al H
UIIUPUIIU vapduliity Ur e UIO\/UIIIIU\JLIIIH Ut VvVIUT.

CTL CIRCUIT BREAKER — one that, because of its size or configuration,in'cq
banelboard, prevents more circuit breaker poles from being installed than t
embly is intended and rated.

OPEN OPERATION - a close operation followed immediatelyby an open ops

N TRIP CIRCUIT BREAKER - a multipole circuit breaker constructed so tha
y one or more poles open automatically.

OVER CURRENT - the current of a fused cireuit breaker at which the funct
the operation of the trip mechanism of the~Circuit breaker, i.e., where the fusg
the circuit breaker trip characteristic curve.

NT-LIMITING CIRCUIT BREAKER-+"one that does not employ a fusible elem
n its current-limiting range, limit§-the let-through 1%t to a value less than the 11
mmetrical prospective current:

NT-LIMITING RANGE .—the rms symmetrical prospective currents between
e maximum interrupting rating current.

NT SETTING (I,) > the rms current an adjustable circuit breaker is set to carr
0. It is normally expressed as a percentage of the rated current and is adjus

TRIC_VOLTAGE-WITHSTAND TEST — determines the ability of the insulating
towwithstand overvoltages without breakdown under specified conditions.

njunction with
he number for

bration without

it all poles will

on of the fuse
e clearing time

ent and, when
of a 1/2-cycle

the threshold
y continuously

able.

materials and

2.26 DRAWOUT-MOUNTED CIRCUIT BREAKER — an assembly of a circuit breaker together with a
supporting structure constructed so that the circuit breaker is supported and can be moved to either the
main circuit connected or disconnected position without the necessity of removing connections or
mounting supports. The structure includes both self-supporting circuit terminals and an interlocking means
that permits movement of the circuit breaker between the main circuit connected and disconnected
positions only when the circuit breaker contacts are in the open position.
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2.27 ELECTRICAL OPERATOR - an electrical controlling device which is used to operate the
mechanism of a circuit breaker in order to open, close, and if applicable, reset the circuit breaker or switch.

2.28 ENDURANCE TEST — determines compliance with a specified number of mechanical and electrical
operations.

2.29 EXTERNAL OPERATING MECHANISM — a mechanism that engages the handle of a circuit breaker
and provides a manual means for operating the circuit breaker.

2.30 FIXED INSTANTANEOUS RELEASE (TRIP) — that part of an overcurrent release element which
contains a nonadjustable means that is set to trip a circuit breaker instantaneously above a predetermined
value of current.

2.31 FRAME |- an assembly consisting of all parts of a circuit breaker except an interchangeable trip unit.

2.32 FRAME [SIZE — a term applied to a group of circuit breakers of similar physical configliration. Frame
size is expregsed in amperes and corresponds to the largest ampere rating available in the group. The
same frame s|ze designation may be applied to more than one group of circuit’breakers.

2.33 FUSED|CIRCUIT BREAKER - a circuit breaker that contains“replaceable fuseq or high-fault
protectors asdembled as an integral unit in a supportive environment and enclosed housing of insulating
material.

2.34 FUSED MOLDED-CASE SWITCH - a switch with integralreplaceable fuses or high fault protectors
assembled as|an integral unit in a supportive and enclosedfiousing of insulating material.

2.35 GROUND-FAULT DELAY — an intentional time delay in the tripping function of a ¢ircuit breaker

2.36 GROUND-FAULT PICKUP SETTING =the nominal value of the ground-fault currenft at which the

, AIR CONDITIONING; AND REFRIGERATION (HACR) CIRCUIT BREAKER — one
intended for yse with multi-motor and combination loads such as are found in heating, aif conditioning,
and refrigeratipn equipment.

2.38 HIGH-FAULT MODULE - a self-contained unit, with or without provision for replacg¢able fuses or
high-fault profectors, .censtructed for use with specific molded case products and withl provision for
connecting diectly terthe load terminals of the molded case product and that functions only to increase
the short circdit interrupting rating of the combination.

2.39 HIGH-FAULT PROTECTOR - a replaceable fuse-like device intended for use with specific fused
molded-case products and/or high-fault modules that function only to increase the short circuit interrupting
rating of the molded-case product.

2.40 INDEPENDENT TRIP CIRCUIT BREAKER — a multipole circuit breaker constructed such that all
poles are not intended to open when one or more poles open automatically.
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2.41 INSTANTANEOUS OVERRIDE - a fixed current level at which an adjustable circuit breaker will
override all settings and will trip instantaneously.

2.42 INSTANTANEOUS PICKUP SETTING - the nominal value of current that an adjustable circuit
breaker is set to trip instantaneously.

2.43 INSTANTANEOUS TRIP — a qualifying term indicating that no delay is purposely introduced in the
automatic tripping of the circuit breaker.

2.44 INSTANTANEOUS TRIP CIRCUIT BREAKER (MOTOR CIRCUIT PROTECTOR OR CIRCUIT
INTERRUPTER) — is one intended to provide short circuit protection only. Although acting instantaneously
under short circuit conditions, these circuit breakers may include a transient dampening action to ride
through Inltlal IIIUtUI tlal ID;UI Itc.

2.45 INTERCHANGEABLE TRIP UNIT — one which can be interchanged by a user afmong [circuit breaker
frames of the [same design. See also Rating Plug.

2.46 INTERNAL MECHANISM — the means by which the main contacts of a circuit breaker are actuated.

2.47 INTERRUPTING RATING - the highest RMS symmetrical currentatrated voltage that a device is
intended to injerrupt under standard test conditions.

2.48 INVERSE TIME - a qualifying term indicating that there iS/a purposely introduced delayed tripping
in which the delay decreases as the magnitude of the currentiincreases.

2.49 I°t (AMPAERES SQUARED SECONDS) — an expression related to the circuit energy|as a result of
current flow. With respect to circuit breakers, the 1%t is\expressed for the current flow betwegn the initiation
of the fault cufrent and the clearing of the circuit.
2.50 LOCK-QFF DEVICE — a device that permits a molded-case product to be locked in thg OFF position.
2.51 LOCK-QN DEVICE - a device thatpermits a molded-case product to be locked in the ON position.
2.52 LONG-TIME DELAY - an.intentional time delay in the overload tripping of an adjustable circuit
breaker’s invegrse time charactéristics. The position of the long time portion of the trip curye is normally
referenced in peconds at 600_percent of the current setting (I,).

2.53 LONG-T|IME PICKUP — the current at which the long-time delay function is initiated.

2.54 MECHANICAL INTERLOCK — a device or system that mechanically connects two ¢r more circuit
breakers or syitches so that only selected ones can be closed at the same time.

2.55 MOLDED-CASE CIRCUIT BREAKER - a circuit breaker which is assembled as an integral unit in
a supportive and enclosed housing of insulating material.

2.56 MOLDED-CASE SWITCH — a device designed to open and close a circuit by nonautomatic means,
assembled as an integral unit in a supportive and enclosed housing of insulating material.
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2.57 MULTIPOLE CIRCUIT BREAKER - a circuit breaker with two or more poles which provide two or
more separate conducting paths.

2.58 NEUTRAL (or SOLID NEUTRAL) — an assembly consisting of an appropriate number of terminals
providing for the connection of the neutral conductors. When used as a component of service equipment,
the neutral also includes:

a) A means for making the required bonding connection between the neutral and the
enclosure and

b) A terminal for the grounding electrode conductor.
2.59 OPEN C PERAT:CI'\‘II thU MTUVOeITICT It Uf thU CUIT ltauto fIUIII thc u:uocd t\.l thU U'JUII 'JUOI IOn. The |etter

”Q” signifies t

2.60 OVERV
automatically

2.61 PEAK C

2.62 PILOT [
switch.

2.63 POLE -
separated cor

2.64 PROSP
short circuit of

2.65 RATED

tripping devicés to open or close a circuit breaker or switch.

2.66 RATED
can carry cor

changing, delgting, or adding & part or parts such as trip units and rating plugs. See also

(Iy)-

2.67 RATED
and tested.

nis operation.

DLTAGE-TRIP RELEASE DEVICE — a trip mechanism that causes a citcuit b
f the voltage across the terminals of the trip coil rises above a prédetermine

JURRENT — the maximum instantaneous current that flows in\a-circuit.
UTY - the rating assigned to a relay or switch that,controls the coil of an
that portion of a circuit breaker or switch associated exclusively with o
ducting path of its main circuit.

FCTIVE CURRENT (AVAILABLE CURRENT) — the current that would flow
negligible impedance were to occurzat a given point.

CONTROL VOLTAGE - the 'designated voltage that is to be applied to

CURRENT (I,,) — the marked current rating and the maximum RMS current a
tinuously without tripping and the maximum current the circuit breaker will

FREQUENCY — the service frequency of the circuit for which the circuit break

eaker to open
d value.

other relay or

ne electrically

n a circuit if a

he closing or

circuit breaker
carry without
current setting

er is designed

2.68 RATED

VOLTAGE - the rated voltage is the nominal rms voltage for which the cir

cuit breaker is

designed to operate.

2.69 RATING — the designated limit or limits of the rated operating characteristic(s) of a device.

2.70 RATING PLUG - a self-contained portion of a circuit breaker that is interchangeable and replaceable
in a circuit breaker trip unit by the user. It sets the Rated Current (l,,) of the circuit breaker.
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2.71 RECOVERY VOLTAGE - the voltage that appears across the terminals of a pole of a circuit breaker
upon interruption of the circuit.

2.72 REMOTELY OPERATED CIRCUIT BREAKER - a circuit breaker that contains an integral means to
remotely open and close the circuit.

2.73 SERIES RATED (SERIES CONNECTED) — a group of overcurrent devices, connected in cascade,
comprised of a circuit breaker or main fuse and one or more downstream circuit breakers that have been
tested together to permit the branch or downstream circuit breakers to be applied on circuits where the
available short circuit current exceeds the marked interrupting rating on the branch circuit breaker.

2.74 SHORT CIRCUIT CURRENT RATING —the maX|mum RMS prospectwe (avallable) current to which
a device can sy . The rating is

expressed in

2.75 SHORT-
overload and

2.76 SHORT;

2.77 SHUNT-
be derived eit

2.78 SPECIA

special featurgs limiting their suitability to specific applications.

2.79 SUPER
that provides

amperes and volts

TIME DELAY - an intentional time delay in the tripping of a circuit breake
he instantaneous pickup settings.
TIME PICKUP — the current at which the short-time delay fungtion is initiateq

TRIP RELEASE DATA — a release mechanism energized-by a source of voltz
her from the main circuit or from an independent sadrce.

. PURPOSE NOT FOR GENERAL USE CIRCUIT BREAKER - a circuit b

ISORY CIRCUIT — a feature included in a circuit breaker and ground-fault cir
b manual method for testing the device' by simulating a ground fault.

r between the

.

ge which may

reaker having

Cuit-interrupter

2.80 SWITCHING DUTY (SWD) CIRCUIT BREAKER - a circuit breaker intended to switch fluorescent
lighting loads pn a regular basis.

2.81 THERMAL MEMORY - the ability of an electronic trip unit to approximate heatingl due to cyclic
overloads.

2.82 THERMAL MEMORY RETENTION - the ability to maintain thermal memory upor} shutdown or
power loss.

2.83 THRESHOLD CURRENT — the RMS symmetrical prospective current at the threshold of the current
limiting range | where:

a) The peak current let-through in each phase is less than the peak of that symmetrical
prospective current, and

b) The I?t in each phase is less than the 1%t of a 1/2 cycle wave of the symmetrical prospective
current.


https://ulnorm.com/api/?name=UL 489 2019.pdf

OCTOBER 24, 2016 NMX-J-266-ANCE-2016 ¢ CSA C22.2 NO. 5-16 ¢ UL 489 23

2.84 TRIP-FREE CIRCUIT BREAKER - a circuit breaker designed so that the contacts cannot be held in
the closed position by the operating means during trip command conditions.

2.85 TRIPPING — the opening of a circuit breaker by actuation of the release mechanism.
2.86 TRIP UNIT — a self-contained portion of a circuit breaker that is interchangeable and replaceable in
a circuit breaker frame by the user. It actuates the circuit breaker release mechanism and it sets the Rated

Current (I,,) of the circuit breaker unless a rating plug is used. See also Rating Plug.

2.87 UNDERVOLTAGE TRIP RELEASE - a release mechanism that causes a circuit breaker to open

automatically

if the control voltage falls below a predetermined value.

2.88 UNFUSIB—MQ&BEB—GA—%EGM%H—MMEG—G&*M&—
3 Components

3.1 Except as
requirements
in the produc
Standards As
where the pr
component sH
intended to bd

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

or that component. See Annex A for a list of standards covering cémponents
s covered by this standard. A component shall comply with,the ANCE, or
Sociation, or the Underwriters Laboratories Inc. Standards as appropriate f
pduct is to be used. When a product is intended for use in more than o
all comply with the appropriate component standards for all the countries
used.

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

olves a feature or characteristic not required in the application of the compo
Ct covered by this standard, or

superseded by a requirement in'‘this standard.

a) Iny

produ

b) Is
3.3 A compo
use.

3.4 Specific

ent shall be used in aceordance with its rating established for the intended

mponents are incomplete in construction features or restricted in performand

bmply with the
penerally used
the Canadian
br the country
ne country, a
in which it is

hent in the

conditions of

e capabilities.

Such compongnts are intended for use only under limited conditions, such as certain temperatures not
exceeding spécified limits;.and shall be used only under those specific conditions.

4 Units of Measurement

4.1 The valugs\given in Sl (metric) units shall be normative, except for AWG/kcmil condug

tor sizes. Any

other values are for information only.

5 Reference

Publications

5.1 Where undated reference is made to ANCE, CSA or UL 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. See Annex B.
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5.2 A product shall comply with the installation codes and standards as appropriate for the country where
the product is used. When the product is intended for use in more than one country, the product shall
comply with the installation codes and standards for all the countries in which it is intended to be used.

MOLDED CASE CIRCUIT BREAKERS

6 Construction

6.1 All types
6.1.1 Genera

6.1.1.1 A circ

pvaluated with

respect to its
6.1.1.2 A circ

6.1.1.3 A circ
operating han

6.1.1.4 There
not comply if
described in |

6.1.1.5 Ifaci
receiving devi

6.1.1.6 A circ|
the test requin

6.1.1.7 Acirc
and each sha

6.1.1.8 ACla
means provid

HE N 1 ot adacl T 1 Lo f H 11N el PN 1 ball k.
MU UTTANTT TTITTIUTU partacuidity 17U ot I palivivudivuo aru it 1t ofiaint v

ntended application as well as under the requirements of this standard.

Lit breaker shall be provided with means for mounting.

uit breaker shall have an integral housing for all the mechanism¥and live pg
shall be no direct opening in the front of a circuit breaker;-except that a circui
a cotton indicator, as described in 7.1.7.11, does™not ignite during the in

hterrupting test, 7.1.7.

cuit breaker requires a specific receiving devieg, the combination of the circy
Ce shall comply with all of the applicable tequirements in this standard.

uit breaker shall have the strength.and rigidity necessary for its intended us
ements of this standard.

Uit breaker may be manufaciured as a circuit breaker frame and an interchang
| be plainly marked in agcordance with 9.1.1.2 and 9.14.1.

Es CTL circuit breakershall have a size or configuration that, in conjunction wi
pd in a Class CTL panelboard, prevents the installation of more circuit brea

that number for which the assembly is designed and rated. See 9.1.4.2.

rts except the

dle and the wiring terminals, and shall be manually operableswithout opening this housing.

breaker need
terrupting test

it breaker and

e and to meet

yjeable trip unit

h the physical
er poles than
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6.1.2 Corrosion Protection

6.1.2.1 Iron and steel parts, except for thermal elements; magnet-pole faces; and hardened and polished
parts such as latching surfaces and the like, where such protection is impractical, shall be protected
against corrosion by enamelling, galvanizing, plating, or other equivalent means.

6.1.2.2 Phosphate treatment with an oil or wax coating is acceptable as corrosion protection for magnets
and armatures; oil treatment is acceptable as corrosion protection for steel springs; and stainless steel is
acceptable without additional protection if polished or treated when necessary.

6.1.2.3 Copper and brass are not acceptable for the plating of steel wire-binding screws, nuts, and stud
terminals.

6.1.3 Cases { Insulating Material

ture-resistant,
nditions likely

6.1.3.1 A casp for mounting uninsulated live parts shall be strong, not easily ignited; moig
and insulatingl The case shall be of such material that it will withstand the most-severe cq
to be met in sgrvice.

6.1.3.2 Ordinary fiber, rubber, and hot-molded shellac and tar compositions are not accs
mounting of upinsulated live parts.

ptable for the

6.1.3.3 Insulating material, including barriers, shall have properties acceptable for
application.

the particular

6.1.3.4 An in
breaker, shall
provided in ag

sulating barrier, which is required for thexproper performance or installatign of a circuit
be an integral part of, or reliably attached to, the circuit breaker, or a mgrking shall be
cordance with 9.1.1.12.

6.1.3.5 Remg
housing is prg

6.1.4 Current
6.1.4.1 Gene
6.1.4.1.1 Cur
acceptable fo

carry current
standard. The

vable lug and terminal coverssshall be permitted if specific marking on the
vided to indicate the need forreplacement. See 9.1.1.13.

-Carrying Parts

al

ent-carrying-pdrts shall be of silver, a silver alloy, copper, a copper alloy,
the application. The acceptability of metals shall be judged on the basis of

while the’ products in which they are used satisfy the performance requirg
aceeptability of other metals to resist corrosion shall be in accordance with

circuit breaker

br other metal
their ability to
bments of this
5.1.2

6.1.4.1.2 Screws, nuts, or wire binding screws made of iron or steel shall be permitted to be used to
secure live parts, but shall not be depended upon to carry current.

6.1.4.1.3 Uninsulated live parts, other than soldering lugs or pressure wire-connectors meeting the
requirements of 6.1.6.1.4 shall be so secured to the case or mounting surface that they will be prevented
from turning. Friction between surfaces is not acceptable as a means of preventing the turning of live
parts.
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6.1.4.1.4 If parts are held together by screws, a threaded part shall have no fewer than two full, clean-cut
threads engaged. If a screw does not extend all the way through a threaded part, the taper or lead and
the first full thread are to be disregarded in a determination of the number of threads engaged.

6.1.4.2 Terminals

6.1.4.2.1 Except as described in 6.1.4.2.4, each field wiring terminal of a circuit breaker shall have a wire
connector that has a capacity acceptable for the number, wire size, and type associated with the circuit
breaker. See Table 6.1.4.2.1 and Terminations, Section 21.4. A wiring terminal shall be acceptable for the
temperatures encountered. See also 6.1.4.2.9, 6.1.4.2.16, and 9.1.2.14.

6.1.4.2.2 A wire connector provided with or specified for use with a circuit breaker shall comply with the

£ 111 aYal.\

H + | W
UITTITICTTIO U UL, UUM, Ul TVIUAI

appropriate r

a) A
b) A
break

6.1.4.2.3 The
manufacturer,
torque shall n
heating test a
the circuit bre
percent if the
Ref. No. 6.

6.1.4.2.4 Wir¢ connectors or wire-binding terminals;for the line or the load, or both, may b

H +P=o= B £ 3 foll H
\vavj OPU\/IIIUU mrourie ur uaie IUIIUVVIIIy.
nex B, Ref. No. 6; or

nex B, Ref. No. 7. When these connectors are used, an interrupting test for|
br shall be performed if the interrupting rating of the circuit breakér is greater

tightening torque for a field wiring terminal shall be as<specified by the

and the circuit breaker shall be marked as required-by-9.1.2.5. The speci
pt be less than 90 percent and not more than 100¢percent of the value use
5 specified in Annex B, Ref. No. 6 for the wire size Corresponding to the anj
bker. See Mechanical tests, 7.1.10.1. Torque values shall be permitted to b
connector is investigated in accordance with the lesser assigned torque vall

the circuit
than 10 kA.

Circuit breaker
ied tightening
d in the static
pere rating of
b less than 90
e in Annex B,

e omitted if:

a) Provision is made for a bus-bar eénnection;

b) Provision is made for a plug=ift connection;

c) Figld-installable kits are.available from the manufacturer and the conditions in $.1.4.2.5 are
met; qr

d) The circuit breakérs have a special form of construction, such as those providing a
switctling neutral pole or an isolated pole for water heater use, and the like; such devices shall
be pefmitted.to’have means of connection considered acceptable for the intended|purpose in
place |of & pressure terminal connector.
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Table 6.1.4.2.1
Terminal current and conductor size
Copper conductor Aluminum or copper-clad
aluminum conductor
Size Size
AWG or kcmil AWG or kcmil

Terminal Number of 60°C 75°C Number of 60°C 75°C

current in conductors conductors

Amperes?

15 or less 1 14 14 1 12 12
20 1 12 12 1 10 10
25 1 10 10 1 10 10
30 1 10 10 1 8 8
40 1 8 8 1 6 8
50 1 6 8 1 4 6
60 1 4 6 1 3 4
70 1 4 4 1 2 3
80 1 3 4 1 1 2
90 1 2 3 1 2
100 1 1 3 1 1
110 1 2 1 1/0
125 1 1 1 2/0
150 1 1/0 1 3/0
175 1 2/0 1 4/0
200 1 3/0 1 250
225 1 4/0 1 300
250 1 250 1 350
275 1 300 1 500
300 1 350 1 500
325 1 400 2 4/0
350 1 500 2 4/0
400 2 3/0 2 250

1 500 1 750

450 2 4/0 2 300

500 2 250 2 350

550 2 300 2 500

600 2 350 2 500

700 2 500 3 350

800 3 300 3 400

1000 3 400 4 350

3 600

1200 4 350 4 500
3 600

1400 4 500 5 500

Table 6.1.4.2.1 Continued on Next Page
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Table 6.1.4.2.1 Continued
Copper conductor Aluminum or copper-clad
aluminum conductor
Size Size
AWG or kcmil AWG or kcmil
Terminal Number of 60°C 75°C Number of 60°C 75°C
current in conductors conductors
Amperes?
1600 5 400 5 600
4 600
2000 6 400 6 600
5 600
2500 8 400 8 600
7 500 7 750
6 600 9 500
3000 9 400 10 500
8 500 9 600
7 600 8 750
4000 12 400 13 500
11 500 12 600
10 600 11 750
5000° 15 400 16 500
13 500 15 600
12 600 13 750
6000° 18 400 19 500
16 500 18 600
15 600 16 750
a For terminal cyrrent other than indicated, the next higher rating is to be used — for example, if rated 35 A, ent¢r at 40 A.
b Circuit breakers rated at more than 4000 A are to be considered as being bus- or cable-connected unless indifated otherwise
in marking.
mm? 2.1 3.3 5.3 8.4 13.3 21.1 26.7 33.6 42.4 53.5
AWG 14 12 10 8 6 4 3 2 1 1/0
mm? 67.4 85.0 107.2 127 152 177 203 253 304 380
AWC orKomil ’)’l('\ 2/0 A‘/n 200 200 250 400 500 800 750

6.1.4.2.5 Field-installable connectors shall meet the following conditions:

a)

Component terminal kits shall be available from the circuit breaker manufacturer, or one or

more wire connectors shall be specified for field installation on the equipment;

b)

Fastening devices, such as studs, nuts, bolts, springs, and flat washers, or the like, as

required for an effective installation, shall either be provided as part of the component terminal
kit or mounted on, or separately packaged with, the circuit breaker;
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c) The installation of the terminal kit shall not involve the loosening or disassembly of parts
other than those normally disassembled for installation and wiring;

d)
for securing the conductor, any necessary instructions shall be included in the component

If the wire connector provided in a component terminal kit requires the use of a special tool

terminal kit package or with the circuit breaker;

e)
meets the requirements of this standard; and

f)

accordance with 9.1.2.11.

Installation of the wire connectors in the intended manner shall result in a product that

The circuit breaker or circuit breaker frame, and component terminal kit shall be marked in

6.1.426 AW
connection of
the wire unde

re-binding screw shall be permitted to be used at a field wiring terminal“in
A 10 AWG (5.3 mm?) or smaller wire if upturned lugs or the equivalent ate, pro
the head of the screw should the screw become loosened.

6.1.4.2.7 A plug-in circuit breaker shall not have a screw or wire connector that
simultaneously for the connection of a conductor on the same side_as-the plug-in
conversion kit|with instructions may be provided to accomplish a changé«inthe type of plug:

6.1.4.2.8 The
strength nece

plug-in connection members on a circuit breaker aridyon a receiving means
ssary for the forces applied during inserting and removing the circuit breaker

6.1.4.2.9 A pl
of the enclosy

ug-in circuit breaker shall be retained on the ‘stabs without depending on thg
re.

6.1.4.2.10 If & screw-and-washer construction is_ysed at a field wiring terminal, the scre
smaller than Nlo. 10 (4.8 mm) with no more than-82 threads per inch (per 25.4 mm).

6.1.4.2.11 A terminal plate tapped for a wjte-binding screw shall be of metal not less than 1
inch) thick and shall have not less thap-two full threads in the metal; except that a special 4
than 1.27 m
threads have the necessary mechanical strength.

6.1.4.2.12 A terminal plate shall be permitted to have the metal extruded at the tapped holg
the thickness hecessary fer at least two full threads provided that the thickness for the une
is not less than the pitch’of the thread.

6.1.4.2.13 If gonductors of the next larger size than that described in Table 6.1.4.2.1 can b,
main terminals“aP a circuit breaker, the terminals shall be capable of securing such larg

ended for the
vided to retain

can be used
connection. A
in connection.

shall have the

trim or cover

W shall not be

27 mm (0.050
lloy plate less

(0.050 inch) but not less“than 0.76 mm (0.030 inch) thick shall be permitted if the tapped

b so as to give
xtruded metal

e inserted into
r conductors,

unless marked in accordance with 9.1.2.7.

6.1.4.2.14 Pressure terminal connectors capable of holding the next larger size wire as described in
6.1.4.2.13 additionally shall be capable of withstanding the secureness and pullout tests described in

Annex B, Ref. No. 6 with the size conductors described in 6.1.4.2.13 and Table 6.1.4.2.1.
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6.1.4.2.15 A terminal for the connection of conductors other than those specified in Table 6.1.4.2.1 shall
be acceptable only if found appropriate for the particular application.

6.1.4.2.16 Using normally available tools such as screwdrivers, pliers or wrenches, it shall be possible to
retighten the conductor securing means of a wire connector without removal of the connector from the
terminal plate or bus or without removal of any conductor from the connector.

6.1.4.2.17 For an interchangeable trip circuit breaker frame rated 100 A or less, a single pressure terminal
connector shall be made available by the circuit breaker manufacturer that properly accommodates all
sizes of wire for which the frame is intended.

6.1.4.2.18 A dc circuit breaker intended to have poles connected in senes shall have all connecting
hardware, busg; i skall comply with
the requiremepts of 6.1 .4.2.5. If other than normally avallable bwldmg wire is reqwred it sh
as part of the |kit.

all be provided

6.1.4.2.19 Jumpers requiring building wire to be bent with a radius less thaf-the cold pend mandrel
requirements pf Annex B, Ref. No. 27, shall be provided with the circuit breaker or be made available as
a kit.

6.1.4.3 Field wiring conductors

6.1.4.3.1 Conductors shall not differ by more than two wire Sizés from the size referrgd to in Table
6.1.4.2.1. The|wire size shall not be smaller than 14 AWG (2. 3>mm?).

6.1.4.3.2 Conductors shall consist of wire suitable forthi€ particular application, when considered with
respect to thg¢ temperature and voltage and conditions of service to which the wiring [s likely to be
subjected.

6.1.4.3.3 A cpnductor shall be constructedx§o as to withstand the stress of normal haphdling without
damage to itsglf or to the unit. See 7.1.10:1:2.

6.1.4.3.4 Gregn coloring, with or without one or more yellow stripes, and white or gray colpring shall not
be used for the covering of a conductor unless intended for connection to grounding and griounded circuit
conductors, rgspectively.

6.1.4.3.5 The|free lengthsof*a wiring conductor shall be at least 152 mm (6 inches).

6.1.4.3.6 Notyithstanding 6.1.4.3.5, the free length of a wiring conductor may be less than 152 mm (6
inches) when fall. ef the following conditions are met:

a) The device shall be manufactured with the conductor factory installed as intended for field
installation in the specified end-use equipment;

b) The conductor shall be of sufficient length for connection in the specified end-use equipment;
c) The device shall be marked for use only in specific end-use equipment. This information may
be provided with the installation instructions if the device is marked to reference the appropriate

publication;

d) Instructions for installation shall be provided with the device unless readily apparent; and
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e) The acceptability of the device shall be determined in the end-use equipment.
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6.1.5 Operating Mechanism

6.1.5.1 A multipole circuit breaker shall be constructed so that all poles will make and break
simultaneously when operated manually or automatically in the intended manner; except that in a 2- or
3-pole circuit breaker rated at 125/250 V or less and having two operating poles intended for use on the
outside (ungrounded) wires of a 3-wire, dc or single-phase ac system, the automatic tripping of either pole
shall be permitted to be independent of the other if the independent tripping is indicated. See 9.1.4.6.

6.1.5.2 The handle of a circuit breaker shall not be capable of being readily left at or near the OFF
position when the contacts are closed.

6.1.5.3 Single-pole circuit breakers rated at 120/240 V ac or 125/250 V dc shall have provision for the use
of handle ties hett

1 TAlr.

berate both circuit breakers when either circuit breaker handle is manually operated;
bt be readily removable; and

bt obscure the ampere marking on either circuit breaker.
6.1.5.4 In Me

may have prg
handle tie shg

ned in 6.1.5.3
.3, except the

Kico and the United States, circuit breakers of ratings ether than those mentig
visions for handle ties. Handle ties, when installed; shall comply with 6.1.5
Il operate all circuit breakers when any handle is ‘manually operated.
In Canada, th(s requirement does not apply.

6.1.5.5 Screw
otherwise locK

s and nuts serving to attach operating parts to movable members shall be stz
ed in position to prevent loosening.

ked, upset, or

6.1.5.6 An ogerating handle of conducting miaterial extending into the housing shall have provision for

connection to
permitted to

connection wi
continuity test

6.1.5.7 The njeans for operation of a circuit breaker shall be such that the contacts cannot

closed positig
operating han
and the circui
position.

an equipment grounding conductor. If the intended enclosure is of metal
be accomplished by having” such operating handle of conducting materig
h the enclosure. The .adequacy of such connection shall be determined by
described in 7.12.1.

n under overeurrent conditions - that is, the circuit breaker shall be trip;
le. The.canstruction shall be such that when the operating handle is held in th
t breaker/is tripped automatically, the contacts will not automatically return

this shall be
Il in electrical
the electrical

be held in the
free from the
e ON position
to the closed

6.1.5.8 A circuit breaker shall be permitted to have an adjustable instantaneous release. A circuit breaker
of frame size 200 A or more and with a current rating (minimum of adjustment range where applicable) of
100 A or more or a circuit breaker rated more than 250 V shall be permitted to have an adjustable inverse
time (overload) response. See the requirements for adjustable circuit breakers described in Section 6.7
and Section 7.7. Circuit breakers of other ratings shall not have an adjustable inverse time (overload)
response.
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6.1.5.9 Except as permitted by 6.1.5.10, access to the trip mechanism of a circuit breaker or trip unit and
tampering, changing, or interfering with the calibration of the trip mechanism or of a trip unit, except as
noted in 6.1.5.8, shall require dismantling of the circuit breaker, or dismantling or removal of the trip unit,
or the breaking of a seal.

6.1.5.10 A hole for a rod or wire shall be permitted in the housing of a circuit breaker or trip unit to permit
tripping of the circuit breaker. Such holes shall not permit passage of a rod larger than 3.2 mm (1/8 inch)
diameter. A button, lever, or similar member shall be permitted to be added for the same purpose. Any
such hole or feature added shall not contribute to the interference with or change in calibration of the
circuit breaker, permit blocking of the release mechanism, or permit contact with a live part involving a
potential more than 42.4 V peak.

6.1.5.11 A cirptitb d L -1 w v : ot4nore than 240
V ac or 125/250 V dc shall be considered to comply with the interference aspect of 6.1.5.9 and 6.1.5.10,
if interference|with the automatic operation of the circuit breaker cannot be accomplished by:

a) Inkertion of a 0.8 mm (1/32 inch) diameter straight rod through anycepening in|the case
abovd a plane 12.7 mm (1/2 inch) below the plane of the trim when the' circuit breaker is
mounted in the intended manner, and

b) Inpertion of a 2.8 mm (7/64 inch) diameter straight rod through any opening elsewhere in
the cgse.

6.1.5.12 Any means for sealing shall be such that breaking ot~removing it will be plainly ¢vident. Paper
or cloth shall pe permitted to be used as a seal indicator, but shall not be used as a megns for holding
parts together

6.1.5.13 There shall not be any access, as defined'in 6.1.5.14, to a part involving risk of |electric shock
within an areq as indicated in 6.1.5.16:

a) While changing a trip unit in ancinterchangeable trip unit circuit breaker,

b) hile replacing fuses or, high-fault protectors in a fused circuit breaker, or
C) ile modifying thé tesponse of an adjustable circuit breaker.

6.1.5.14 With| regard to_access to live parts through openings in surfaces, a part is corjsidered to be
accessible if it can belcontacted by a 51 mm (2 inch) long, 9.5 mm (3/8 inch) diameter rod having a
hemispherical|end, inserted through openings in the surface.

6.1.5.15 A rigknof electric shock is considered to exist if the open circuit voltage betwepn the part in
question and earth ground or any other accessible part is more than 42.4 V peak, and the continuous
current flow through a 500 ohm resistor connected between the points exceeds 5 mA rms.

6.1.5.16 The areas referred to in 6.1.5.13 are:
a) The complete area of any opening created by the removal of interchangeable trip units,
b) The complete area of any opening created by the removal of the limiters, and so forth, and

¢) Points within 51 mm (2 inches) of the periphery of any adjustment knob involved in
modifying the response of a circuit breaker.
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6.1.6 Spacings
6.1.6.1 General

6.1.6.1.1 The spacings of a circuit breaker shall not be less than those indicated in Table 6.1.6.1.1.
“Grounded Metal” includes circuit breaker mounting screws and fittings for the connection of a wiring
system. A “Terminal” includes the terminal proper and associated metal having the same degree of
exposure or accessibility. Spacings shall be measured between the bare portions of insulated conductors.
The insulation shall be brought up to the wire connector when space for the wire insulation exists.

6.1.6.1.2 The external spacing through air and over surface shall not be less than 3.2 mm (1/8 inch)
between uninsulated line and load live parts of the same polarity.

6.1.6.1.3 Except as indicated in 6.1.6.1.4, a pressure terminal connector shall be provided with a positive
restraint, such as a shoulder or boss, to restrict turning that would reduce spacings(te vajues less than
those required. A lock washer alone is not acceptable for this purpose.
6.1.6.1.4 Megns to prevent turning as indicated in 6.1.6.1.3 need not be provided if spacings are not less
than the minimum acceptable values:
a) When the connector and any connector of opposite polarity’have each been tyrned 30
degreps toward the other, and
b) When the connector has been turned 30 degrees:toward other opposite polarify live parts or
towardl grounded dead metal parts.
Table 6.1.6.1.1
Minimum spacing$' in millimeters®f9
At terminals Other than at terminals
Beiween terminals | Between terminals Between Between uninsulated
of and-any uninsulated live parts and any
opposite polarity grounded-metal? live parts of ground metal?
opposite polarity®
A B (o D¢ Ed
Voltage | Thrpugh Over Through Over Through Over Through Over Through Over
between qir surface air surface air surface air surface air surface
parts
0-130 1p.7 194 12.7 12.7 6.4 9.5 12.7 12.7 6.4 9.5
131 - 19.1 31.8 12.7 12.7 6.4 9.5 12.7 12.7 6.4 9.5
300
301 - 25.4 50.8 12.7 25.4 9.5 12.7 12.7 25.4 9.5 12.7
1000"
@ The spacing to the enclosure or mounting means shall be permitted to be reduced if an acceptable liner of insulating material,
not less than 0.8 mm (1/32 inch) thick, is used to provide the required spacing through air.
b Not applicable for spacings between parts of opposite polarity on a control circuit printed wiring board with conformal coating.
See Table 6.1.6.2.1 and Printed Circuit and Wiring Board Assembly, 6.1.6.2.
¢ If indentation or deformation of the overall enclosure or circuit breaker mounting means could reduce spacings to less than
those indicated in Column E.
d If indentation or deformation of the overall enclosure or circuit breaker mounting means would not affect spacings.

Table 6.1.6.1.1 Continued on Next Page
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Table 6.1.6.1.1 Continued
At terminals Other than at terminals
Between terminals Between terminals Between Between uninsulated
of and any uninsulated live parts and any
opposite polarity grounded metal? live parts of ground metal®
opposite polarity®
A B Cc D¢ Ed
Voltage | Through Over Through Over Through Over Through Over Through Over
between air surface air surface air surface air surface air surface
parts

€ An isolated dead metal part (such as a screw head or a washer) interposed between uninsulated live parts of opposite polarity
or between an uninsulated live part and a grounded dead metal part is considered to reduce the spacing by an amount equal to

the dimension o

fIn measuring 4|
insulating mater
9 In measuring
disregarded, an
" Or 1500 Vdc.

e merposed pdrit dlong e patl O measureimerit.
h over surface spacing, any slot, groove, or the like, 0.33 mm (0.013 inch) wide or less in theic
al shall be disregarded.

pacings, an air spacing of 0.33 mm (0.013 inch) or less between a live part and an_insulating s
the live part considered in contact with the insulating material.

bntour of

irface shall be

N

m 0.8 6.4 9.5 12.7 19.1 254 31.8 50|

ind

hes 1/32 1/4 3/8 1/2 3/4 1 1-1/4

6.1.6.1.5 The
conductors of
9.1.2.9). Type
for sizes large
and smaller.
types of wire

6.1.6.1.6 Exc
separation be
between unin
mounting of u

6.1.6.1.7 Fibg
separation be
circuit conduc|

6.1.6.1.8 A barrier or liner-used in conjunction with an air space shall not be less than 0.

inch) thick exd

6.1.6.1.9 If th

the size shown in Table 6.1.4.2.1, as appropriate fortemperature rating(s) of
TW wire is to be used for sizes 8 AWG (8.4 mm?) and smaller; Type THW
r than 8 AWG (8.4 mmA). Solid conductors are'td be used for wire sizes 10 A
For circuit breakers acceptable for use withyboth copper and aluminum co
bf the proper size for the ampere rating are to be evaluated.

bpt as noted in 6.1.6.1.7 and 6.1:6.1.11, an insulating barrier or liner use
fween uninsulated live parts andygrounded dead metal parts (including the
sulated live parts of opposite_polarity, shall be of a material which is acce
hinsulated live parts and netless than 0.71 mm (0.028 inch) thick.

r not less than 0.74_ mm (0.028 inch) thick shall be permitted to be use
fween the enclosute*and an uninsulated metal part electrically connected 1
or.

ept as (noted in 6.1.6.1.10 and 6.1.6.1.11.

b barfier indicated in 6.1.6.1.8 is of fiber, the air space shall not be less than

spacings of a circuit breaker shall be measured with the circuit breaker wired with

the wires (see
TW75 or TW
NG (5.3 mm?)
nductors, both

d as the sole
enclosure) or
ptable for the

d as the sole
0 a grounded

71 mm (0.028

0.8 mm (1/32

inch).

6.1.6.1.10 A barrier or liner used in conjunction with an air space of one-half or more of the required
through-air spacing shall be permitted to have a thickness of not less than 0.33 mm (0.013 inch), see also
6.1.6.1.12, if it is:

a)

b)

Of material acceptable for supporting uninsulated live parts;

c) Securely held in place; and

Of adequate strength if exposed or otherwise likely to be subjected to damage;
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d) Located so that it shall not be adversely affected by operation of the equipment in service.

6.1.6.1.11 Insulating material having a thickness less than that indicated in 6.1.6.1.6, 6.1.6.1.8 and
6.1.6.1.11 shall be permitted to be used if tested and found acceptable as indicated in 7.1.10.2 and the
mechanical strength and flammability is acceptable for the particular application.

6.1.6.1.12 Clamped joints between insulating-material members shall provide tightly-mated surfaces.
Spacings shall be measured through cracks unless a clamped joint has passed the test specified in 7.18.
A clamped joint is a joint between two pieces of insulation that are under pressure as shown in Figure
6.1.6.1.1. Adhesives, cements, or the like, if used to effect a seal in place of a tightly-mated joint, shall
comply with Annex B, Ref. No. 12 The requirement for the test in 7.18 is only applicable for those areas
where spacings are covered by Table 6.1.6.1.1. The acceptability of other spacings such as internal

breaker SpaCi IHO ;O dUIIIUI |ot|atcd by DUU\JUOOfU::y 'JG.OD;IIH thc tUOt 'JIUHIGIII.

Figure 6.1.6.1.1
Clamped joint

AN
c
13 A B
A el=
D
E
c Am D
ol
B.

Parts A, B — Live|parts of opposite polaritypor a live part and a grounded metal part with spacing through the cra¢k between C and
D less than requifed in Table 6.1.6.1.1¢

Parts C, D — Insulgting barriers clamped tightly together so that the dielectric strength between A and B is greater than the equivalent
air spacing.

Part E — The clarpped joint:

6.1.6.1.13 The spacing between uninsulated live parts of different circuits (such as between shunt trip
release and primary circuits) shall not be less than that required for the circuit of the higher voltage.

6.1.6.1.14 Live screw-heads or nuts on the underside of a case intended for surface mounting shall be
suitably insulated or isolated from the enclosure or from a grounded metal mounting-plate in one of the
following ways:

a) Spaced according to Table 6.1.6.1.1 and reliably prevented from turning or loosening by
staking, upsetting, or other equivalent means;
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b) Countersunk not less than 3.2 mm (0.125 inch) below the surface of the case; prevented,
as in ltem (a) above, from turning or loosening; and having under the case a barrier of
moisture-absorption-resistant, insulating material fastened to the enclosure or to the metal
mounting-plate; the barrier shall have such an area that Table 6.1.6.1.1 spacing will be
maintained, or

c) Countersunk not less than 3.2 mm (0.125 inch) in the clear, and then covered with a
waterproof, insulating, sealing compound which will not soften at a temperature 15°C (27°F)
higher than the temperature attained in the circuit breaker at the point where it is used, but not
lower than 90°C (194°F) in any case. Determination of the softening point of a sealing
compound shall be made in accordance with applicable requirements in Annex B, Ref. No. 8.

6.1.6.2 Printe

6.1.6.2.1 The|spacings on a printed wiring board assembly shall be permitted to be I€ss than indicated in
Table 6.1.6.11 if a conformal coating and spacings are utilized in compliance. with thel requirements
described in Table 6.1.6.2.1. The coated printed wiring assembly shall comply@ith the requirements for
ings described in 7.1.10.3. A coating shall not be required if the voltage is 50 V or less and
cated so that it is not readily subject to contamination by dust:

conformal co
the board is Iq

Table 6.1.6.2.1

Minimum opposite polarity spacings on printed-wiring
assemblies with conformal coatings?

Minimum spacings

Voltage befween parts Power available mm In¢h
0 —|600 Unlimited 0.8 (1/32)
601 1 1000 Unlimited 1.6 (1/16)
1001 4 1500° Unlimited 24 (118)
030 Limited® 0.4 (1/64)
2 Minimum spdcing between live partstef,opposite polarity. Spacing between live parts and dead metal shall comply with
Table 6.1.6.1.1.
b See 6.1.6.3.1 and 6.1.6.3.2.
¢ Volts dc.

6.1.6.2.2 As @n alternative to the measurement method specified in 6.1.6.2.1, the minimym acceptable
roughair spacings) and creepage distances (over surface spacings) for a|printed wiring
lysmay be evaluated as specified in 6.1.6.2.3 — 6.1.6.2.5 using the applicablg requirements

clearances (th
board assemf

in Annex B, Ref. No. 9.

6.1.6.2.3 When applying the requirements in Annex B, Ref. No. 9, the environment for a printed wiring

board assembly within a circuit breaker is considered to be:

a) Pollution degree 3 for an assembly without a conformal coating,

b) Pollution degree 2 for an assembly with a conformal coating, or

c) Pollution degree 1 for an assembly with a conformal coating complying with the
requirements in Annex B, Ref. No. 9.
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6.1.6.2.4 For Clearance B (controlled overvoltage) requirements in Annex B, Ref. No. 9, the applicable
overvoltage category for line-voltage circuits is Category Ill. Category | is applicable to low-voltage circuits
if short circuit between the parts involved may result in operation of the controlled equipment that
increases the risk of fire or electric shock. Any overvoltage protection device needed to achieve these
categories shall be provided as an integral part of the circuit breaker.

6.1.6.2.5 Where measurement of clearances and creepage distances is involved to establish the
minimum spacings, the methods specified in Measurement of Clearance and Creepage Distances, in
Annex B, Ref. No. 9, shall be used.

6.1.6.3 Class 2 circuits

6.1.6.3.1 Min' LILL LA U:UU{I;UG: D'JCJ.U;IIyO fUI C:GOO 2 u;luu;tc that \JUIIIP:)’ vv;th TClb:U C.‘:-C.ﬁ 2 Sha” be as

described in 4.1.6.3.1.1 — 6.1.6.3.1.4.

6.1.6.3.1.1 M|nimum electrical spacings between multiple Class 2 circuits shall.be-sas shown in Table
6.1.6.3.1.

6.1.6.3.1.2 M|nimum electrical spacings between parts of a power circuit. and’parts of a Class 2 circuit at
locations othef than terminals shall be as shown in Table 6.1.6.3.2.

6.1.6.3.1.3 Mnimum electrical spacings between terminals of a power circuit and terminals of a Class 2
circuit shall bg as shown in Column B of Table 6.1.6.1.1.

6.1.6.3.1.4 In|order to comply with the spacings in Tables 6.1.6.3.1 and 6.1.6.3.2:
a) Unlinsulated live parts shall be secured against movement.

b) Inqulated conductors shall be protected from contact with live parts or secured fo meet the
spacing required.

c) If g barrier is used as allowed:\n Table 6.1.6.3.2, it shall not be less than 0.71 mm (0.028
inch) thick except that it shall be permitted to have a thickness of not less than 0.33 mm (0.013
inch), |if the material is:

1) Of materialJacceptable for supporting uninsulated live parts;

2) Of.adequate strength if likely to be subjected to damage;

3). Securely held in place; and

4) Located so that it shall not be adversely affected by operation of the equipment in
service.
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Table 6.1.6.3.1
Class 2 circuit spacings

Minimum spacings, mm (inch)

Through air and over surface

At terminals

conductors - insulation
conductors rated for ma
voltage

At other than terminals

Between 2 or more Class 2 insulated

on all
Ximum

3.2 (1/8)

1.6 (1/16) No minimum requirement

Table 6.1.6.3.2
Power circuit — Class 2 circuit spacings

Spacings between power circuits and Class 2 circuits at other than terminals

Minimum spacings, mm (inch) 2 or more insulated cor

No insulation

Separating barrier or one insulated insulation on each cond
conductor with insulation rated for the condugtor)circuit vd
maximum voltage

ductors with
uctor rated for
Itage

6.4 (1/4)

No minimum requirement

1.6 (1/16)

6.1.6.3.2 A lg
winding of a t

peak. The trapsformer shall comply with one of the following:

a)
10,

w-voltage, limited energy Class 2 circuit is a circuit supplied from an isola

The transformer complies with the constructioniand test requirements in Anne

ansformer where the open circuit secondary voltage‘does not exceed 30 V

ed secondary
rms or 42.4 V

B, Ref. No.

b) The transformer has an inherent winding:impedance which will limit the secondlary short

circuit

c) TH
proted
and in
Vmax

6.1.6.3.3 With
shall be perm
winding of the|
circuit. The m

current to 8 A at one minute, or

e VA output capacity of the . secondary winding is 250 VA or less, and an ov
tive device is connected in the secondary circuit rated at: 5 A or less for volt
cluding 20 V rms; or 100/Y¥max for voltages over 20 V rms, up to and includ
is the maximum output.voltage regardless of load with rated input applied.

regard to the requirement in 6.1.6.3.2, a fixed series impedance in the se
itted to be used to limit the output of the transformer and, in such case,
transformerand the fixed series impedance shall be investigated as part of t

aximuni Qutput capacity of the secondary circuit shall be determined as dg
power level d¢termination test of 7.1.10.4.

ercurrent
lages up to
ng 30 V rms.

ondary circuit
he secondary
he line-voltage
scribed in the

achiva dovin

6.1.6.3.4 An
a)

b)

OveT

hyv /o ol
oo TOT

(]

o
TTTvyC—OTVvIict—T™

Not be of an automatically reset type;

Be trip-free from the reclosing mechanism if of the manually reset type; and

c) Not be interchangeable with one of a larger current rating if it is a renewable device.
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6.2 Current-limiting circuit breakers

6.2.1 Current-limiting circuit breakers shall comply with the construction requirements in All Types,

Section 6.1.

6.3 Instantaneous-trip circuit breakers

6.3.1 This section covers additional requirements for instantaneous-trip circuit breakers.

6.3.2 An instantaneous-trip circuit breaker shall have an adjustable instantaneous release.

6.3.3 An adjustable setting means of an instantaneous-trip circuit breaker that is accessible without

opening a dog+oetremoving-acovershatt-be-constracted-sothat-a—stop-totmitthe-mexdmn
be installed.

6.4 Circuit breaker and ground-fault circuit-interrupters

6.4.1 General

6.4.1.1 Thig section covers additional requirements for circuit breakers and

circuit-interrup

ters that provide overcurrent protection and personpel “protection against

shock as required by the National Installation Codes in Annex B;"Ref. No. 1. These dey

Class A, singl
V ac and/or 2

6.4.1.2 The (
Annex B, Ref,
evaluated in g

6.4.2 Superv
6.4.2.1 If a 3
mechanism is|
pole. If a 2-pg
one superviso

p-pole, 120 V ac and/or 127 V ac, 60 Hz, 2-pole, 120/240 V ac, 60 Hz, and 3-4
POY/127 V ac, 60 Hz.

round-fault circuit-interrupter portion shath‘eomply with the construction rg
ccordance with 6.1.6.2.2 — 6.1.6.2.5¢

sory Circuit

-pole, 120/240 V ac, or“3-pole, 208Y/120 V ac and/or 220Y/127 V ac (¢
a common-trip type, the-supervisory circuit need only be provided from on

le or 3-pole circuit.breaker mechanism is not a common-trip type, the need
ry circuit shall be  eyaluated.

setting may

ground-fault
isk of electric
ces are rated
ole, 208Y/120

quirements in

No. 11 and Section 6.4 of this standard, except that printed wiring board spacings may be

ircuit breaker
e ungrounded
for more than
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6.5 Circuit breakers with equipment ground-fault protection

6.5.1 This section covers additional requirements for circuit breakers with equipment ground-fault
protection that provide overcurrent protection and ground-fault protection of equipment.

6.5.2 A multipole device that receives operating power from the circuit to which it is connected shall
provide ground-fault protection with one or more ungrounded line terminals of the circuit breaker

energized.

6.6 Integrally fused circuit breakers, high-fault protectors, and high-fault modules

6.6.1 This section ¢
fused high-faytt-m

only comply

6.6.2 An inte
protectors or f
breaker ON.

6.6.3 An inte]
let-through, frg
the circuit bre

6.6.4 Spacing
A and B.

6.6.5 Spacing
Columns C, D

6.6.6 If two o
are provided f{
accordance W
any lower ratsg

6.6.7 Iftwo o

grally fused circuit breaker shall automatically trip when the coveriover
ses, or their container, if separate, is removed if the cover can bé-femoved

grally fused circuit breaker shall automatically trip by ‘sighal, other than
m fuses or high-fault protectors upon the clearing of ope or more fuses or pro
bker is marked in accordance with 9.6.4.

s at the load terminals of a high-fault protector.shall comply with Table 6.1.4
s at other than the load terminals of a_high-fault module shall comply with T
,and E.

more high-fault protectors or high-fault modules having different let-through

or different ranges of ratings!within a frame size, the construction shall be

ith 7.6.4, unless a rejection"means is provided to prevent the installation of

d circuit breaker where it4s not intended.

more high-fault protectors or high-fault modules are provided for different rar

within a frame size, the combination shall be investigated in accordance with 7.6.4, unlg

means is prov
not intended.

6.6.8 Except
melamine imp

ided to prevent the installation of a protector to any lower rated circuit brea

hs.indicated in 6.6.9, a high-fault protector or high-fault module casing shall
regnated glass fiber, or the equivalent.

rotectors, and
otectors need

the high-fault
with the circuit

main current
ectors, unless

.1.1, Columns

able 6.1.6.1.1,

Characteristics
nvestigated in
a protector in

ges of ratings
Ss a rejection
er where it is

be of ceramic,

6.6.9 Materials other than those specified in 6.6.8 shall be permitted if they are determined to be
acceptable for the application.

6.6.10 Among the factors taken into consideration during an investigation, as indicated in 6.6.9, are the

following prop
a)

b)

erties of a material:

Physical strength;

Resistance to impact;

c) Moisture-absorptive properties;
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d)

e)

Combustibility; and

conditions of normal or abnormal use.

All of these factors shall be considered with regard to thermal aging.

Resistance to distortion at temperatures to which the casing may be subjected under

6.6.11 Connections between the link and the terminals of a high-fault protector shall be such that a
permanent electrical connection is provided. The connection shall be soldered, brazed, or welded, or shall
otherwise be made permanently and adequately secure.

6.6.12 An adhesive used in a high-fault protector or high-fault module shall adequately and reliably

secure togeth

6.6.13 To de
high-fault prot
with the circui
device perforr

6.7 Adjustable circuit breakers

6.7.1 This se

6.7.2 As cond
6.7.3 and 6.7.

6.7.3 The cur
rated current

6.7.4 A Type
value, cannot
a tool.

6.7.5 For a T]
device’s settin
be that of the

o o tlot 1t o o4 Aacl t
PTUIC PAito Uidt U To TN Tiutu v oTLurT.

ermine whether the adhesive complies with the requirement in 6.642, s
bctor or high-fault module shall be subjected to appropriate interrupting tests,
t breaker after conditioning. Conditioning tests on the adhesive shall not be
s acceptably during the interrupting tests with the adhesive omitted.

Ction covers additional requirements for adjustable ecircuit breakers.

erns the current setting, these circuit breakers are classed as either Type A d
A

Fent setting (I,) of a Type A circuit breaker'shall not be adjustable to a value g
I,) of the circuit breaker.

B circuit breaker shall be restricted so that the current setting (I,), once fixed
be changed to one higher, exeept by the addition or substitution of a part re

gs, markings, or(instruction literature. For a Type B circuit breaker, the curre
marking.

amples of the
n combination
required if the

r Type B. See

eater than the

at a particular
quiring use of

ype A circuit breakety, the current setting (l,) shall be that which can be inf¢rred from the

ht setting shall
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6.8 Heating,

air conditioning, and refrigeration (HACR) circuit breakers

6.8.1 Heating, air conditioning, and refrigeration (HACR) circuit breakers shall comply with the
construction requirements in All Types, Section 6.1.

6.9 Remotely-operated circuit breakers

6.9.1 This section covers additional requirements for remotely-operated circuit breakers.

6.9.2 A remotely-operated circuit breaker shall be trip free and the operating handle and mechanism shall
be independent of the remotely-controlled operation.

6.9.3 In a 2-
to operate onl

6.10 Switching duty (SWD) rated circuit breakers

6.10.1 Switch
Types, Sectio

6.11 400 Hz

6.11.1 Circuit
6.1.

6.12 Draw-out circuit breakers

6.12.1 This s

6.12.2 The cq

intended to b¢ grounded and any permanently grounded part shall be such that groundin

established 3
energized; an
by at least 3.4

6.12.3 Draw-¢ut circuit breakers shall be equipped with self-coupling disconnecting device

6.12.4 Interlo

1 EPN | ol H HE N I AN ol £y Haoel 3 128
VIC TUTTIUVLITTYy "UPTTALTU UITUUTL VTTANTT, UTC TTTTTULTCTYy LUTTUHUTNTTU UpTTativliTm olfta

y one pole.

ing duty (SWD) rated circuit breakers shall comply with the construction requ
N 6.1.

ated circuit breakers

breakers rated 400 Hz shall comply with the consfruction requirements in All ]

bction covers additional requirements>for draw-out circuit breakers.
nfiguration of the grounding means between a metal part of a draw-out type
2 mm (1/8 inch) before €ither primary or secondary disconnects of the dra

| also be maintained until-both primary and secondary disconnects have beer
mm (1/8 inch). See'thé electrical continuity test described in 7.12.1.

Cks shall.be-provided:

a) T

breakgmis in the closed position, and

prevent moving the circuit breaker to or from the connected position when

| be permitted

rements in All

[ypes, Section

circuit breaker
g continuity is
w-out unit are
de-energized

2

he circuit

b)

To prevent closing the circuit breaker unless the primary disconnecting devices are in full

contact or are separated by a distance that will withstand a minimum voltage described in
7.12.2.
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6.12.5 Secondary disconnects and interlock switches shall be designed and rated for their applications
and shall comply with the requirements of Annex B, Ref. No. 28.
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6.13 Series-c

onnected circuit breakers

6.13.1 Series-connected circuit breakers shall comply with the construction requirements in All Types,

Section 6.1.

6.14 Interchangeable-trip circuit breakers

6.14.1 This section covers additional requirements for interchangeable-trip circuit breakers.

6.14.2 A circuit breaker having a frame size of 100 A or less in conjunction with a voltage rating of not
more than 240 V ac or 125/250 V dc, shall not have an interchangeable trip unit.

6.14.3 A circy
more than 24
ac or 125/250
trip unit for us
shall not havsg
shall be clearl

6.14.4 An intdg
of the frame.

6.14.5 An int
without breaki

6.14.6 An int¢rchangeable trip unit circuit breaker shalliet have any parts that will fall oy

breaker housi
surface.

6.14.7 An int
(circuit open)

6.15 High-intensity-discharge (HID) type circuit breakers

6.15.1 High-
requirements

H N 1 I H £ H £ 1l FaVa W, W H 3 1N 1+
TUVTCANTT IIGVIIIB aATTannc olcT Ul 1T1iuTe uarart TUuU A imn Ul IJUIIULIUII witrr a VUILG&.‘
) V ac or 125/250 V dc, and any circuit breaker having a voltage rating grea
V dc, shall be permitted to have interchangeable trip units; except thatan'in
e in a circuit breaker having a voltage rating of not more than 240, Viac or
a rating of less than 50 A. In any case, an interchangeable trip Unit rated 3
y marked in accordance with 9.14.5.

rchangeable trip unit shall not be capable of setting the cutrent rating higher

brchangeable trip unit shall not be adjustable béyond the limitations impos
ng a seal or a permanent fastening.

ng when its cover is removed with the gircuit breaker mounted in any positio

brchangeable-trip circuit breaker-that employs a rating plug shall either be
br function at its lowest ampere rating when its rating plug is not in place.

ntensity-dischafge* (HID) type circuit breakers shall comply with the
n All Types, Section 6.1.

e rating of not
er than 240 V
terchangeable
125/250 V dc
t 50 A or less

han the rating

ed by 6.1.5.8

t of the circuit
n on a vertical

nonfunctional

construction
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6.16 Circuit breakers for use with 16 or 18 AWG wire

6.16.1 Circuit breakers for use with 16 or 18 AWG wire shall comply with the construction requirements
in All Types, Section 6.1.

6.17 4-pole circuit breakers

6.17.1 4-pole constructions shall be permitted to be used for 3-phase circuits where a switched neutral is
required. The fourth pole shall be provided either without overcurrent protection or with overcurrent
protection of 50 or 100 percent of the other poles. See 7.1.1.18, 7.17.1 — 7.17.3, and 9.18.1.

6.18 Circuit breakers and surge protective devices

6.18.1 Circuit
All Types, 6.1

6.19 Special

6.19.1 Speci
requirements
breaker can o)
accordance w|

6.20 Circuit breakers with electronic trip units

6.20.1 Circuit
the requireme

validation purposes.

7 Tests

7.1 Standard

7.1.1 General

7.1.1.1 The
representativg
Sequences X
Sequences, th

breakers and surge protective devices shall comply with the construction-e

purpose not for general use circuit breakers

bl purpose not for general use circuit breakers shall cemply with the
n All Types, Section 6.1, except the type or construction ofithe terminals are 3
hly be used in specific equipment applications and is_not-suitable for genera
th Annex B, Ref. No. 1.

breakers with an electronic trip unit shall be‘provided with thermal memory an
nts in 7.1.2.6. The thermal memory may*be defeated or turned off for man

circuit breakers

performance 'of) a circuit breaker construction shall be investigated
sets to thextest program indicated in Table 7.1.1.2. At the option of the man
Y, and . Zynay be combined for all frame sizes. When combining X-Y-Z Seq
e Interrupting Test in the Y Sequence may be omitted.

quirements in

construction
uch the circuit
installation in

d comply with
ufacturing and

by subjecting
ifacturer, Test
iences or Y-Z

7.1.1.2 Samp|

és_shall be selected based on Table 7.1.1.1.
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Table 7.1.1.1
Sets of samples
Samples per set?
Ampere rating of frame Interchangeable trip unit Test sequence®
X or X-Y-Z YorZorY-Z
0-225 No 3 or 4¢ 3 or 4¢
0-225 Yes 3 frames, 3 trip units 3 frames, 3 trip units

226 — 400 No 3d 2

226 t+ 400 Yes 2 frames, 3 trip units 2 frames, 2 trip units

401 4 1600 No 3¢ 1

401 4 1600 Yes 1 frame, 3 trip units 1 frame, | trip unit

1601 arjd higher No 1 1
1601 arjd higher Yes 1 frame, 1 trip unit 1 frame, | trip unit

2 |f a circuit brg¢aker is not marked ”“line” and “load”, one sample shall be tested with reversed line and load cgnnections or
an additional sample of each test set shall be provided. When only one sample constitutes a test set for operdting tests, a
second samplg is required for reversed line-load connection tests. For reversed line-load connections, see 7.1{1.25.
b One set per fest sequence or combination of test sequences.
¢ See 7.1.1.54nd 7.1.1.19.
dSee 7.1.1.7 4nd 7.1.2.1.2.
€ See 7.1.1.7 gnd 7.1.2.1.3.

Table 7.1.1.2
Test sequences?

Circuit-breaker type Fully magnetic and solid-| Ambient fompensated
state trip® and non- breakers
ambient compensated
breakers® rated 25°C or
40°cde
Sequence Sequence
Test Clause X Y Y4 X Y Y4
1. 200 percgnt calipration at 25°C (77°F) 71.2.2 X X X X X X
2_ 135 perC nt nalihrafir\n af I~Jal (77°E) 7_1 _O_Q A4 A4 X
3. 200 percent calibration at 40°C (104°F) 71.22 X
4. 135 percent calibration at 40°C (104°F) 7.1.2.3 X
5. Calibration of adjustable instantaneous 7.1.25 X X
trip
6. Overload 7.1.3 X X

Table 7.1.1.2 Continued on Next Page
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Table 7.1.1.2 Continued
Circuit-breaker type Fully magnetic and solid-| Ambient compensated
state trip® and non- breakers
ambient compensated
breakers® rated 25°C or
40°cde
Sequence Sequence

Test Clause X Y V4 X Y V4

7. 100 percent calibration at 40°C 71.24,71.4 X X
(104°F)f.gh
8. Temperature and 100 percent 71.24,71.4 X X
calibratioh at 25°C (77°F)

9. Endurang¢e 715 X X
10. 200 percpnt calibration at 25°C (77°F) 7.1.6 X X
11. 135 percpnt calibration at 25°C (77°F)' 71.6 X X
12. 135 percpnt calibration at 40°C (104°F)' 71.6 X
13.  Interruptihg 7.1.7 Xi XK Xi XK
14. 200 percpnt trip-out at 25°C (77°F) 7.1.8 X X X X
15.  Dielectrid voltage-withstand 7.1.9 X X X X X X

X-indicates test

required.

a For circuit bre|
b Circuit breake]

¢ Circuit breake
temperature.

d |f a circuit bre
be tested and r

€ |If a circuit bre
circuit breaker 1

f This test may
9 Applies only t
" For a non-am
the ambient ten
I May be omitte

bkers rated ac/dc, see 7.1.1.8 — 7.1.1.13.
s whose automatic operation does not\depend on the heating effect of current.
s whose automatic operation depends on the heating effect of current and are affected by charj

bker operates such that it will not carry rated current at 40°C (104°), it may, at the option of the
hted as a 25° (77°F) circuit\breaker.

bker includes any thermat compensation in its tripping mechanism, and if the manufacturer desi
harked “40°C”, it shall'be subjected to the tests for an ambient compensated breaker.

be performed after the temperature and 100 percent calibration tests at 25°C (77°F).
circuit breakers rated 40°C (104°F).

bient compehnsated circuit breaker rated 40°C (104°F), the test may be combined with the tempg
peratuteis 40°C during the temperature test.

0 .if the tripping time at 135 percent of rated current in a 25°C (77°F) ambient after the endurang

more than it wak-b&fore-the-endurance-test:

I Test current shall be in accordance with Table 7.1.7.4 and operations shall be O-t-CO, where t is minimum of 2 minutes,
maximum of 1 hour.

k Test current shall be in accordance with Table 7.1.7.3 and operations shall be in accordance with Table 7.1.7.1.
I'May be omitted for solid-state trip breakers having a frame size of 226 A or greater.

ges in ambient
manufacturer,

es to have the

rature test if

e test is no

7.1.1.3 No conditioning of the circuit breaker shall take place during or between tests. During the test
program, a circuit breaker shall be mounted with the front of the circuit breaker on a vertical plane in a
position which would normally cause the line terminals to be at the top; except that for the 135- and
200-percent calibration test and dielectric voltage-withstand test, a circuit breaker may be mounted in any
position in which it can be properly used.
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7.1.1.4 If after any overcurrent operation where the automatic operation of the circuit breaker occurs but
the contacts do not initially reclose, the following procedure is acceptable to establish continuity of the test

sample:

a) The circuit breaker may be operated up to 10 cycles of operation to establish continuity.
Once continuity is established on all poles, no other manual operations shall be conducted
other than that required to complete the test sequence.

b) The first cycle of operation is counted from when the breaker mechanism can be reset to
the ”off” position. Each operation to the “on” and "off” position shall constitute one cycle.

c) Th

mechas

No other phyg
that required t

7.1.1.5 The e
shall include t

or more intermediate ratings may be additionally required to be subjected 10 the complete 14

a partial test (

7.1.1.6 For ci
A rating repre]
identical exce

e manual operation of the mechanism may be applied to the handle or othe

r

0 complete the test sequence.

valuation of a circuit breaker of a frame size of 225 A or less of a"specific po
ne testing of sets of samples of the maximum and minimum ratings. Sets of s

rogram depending on construction differences.
Fcuit breaker ratings with ratings of 15 A and below, the full evaluation shall

senting the minimum rating. Where the construgction of the 15 A and the loy
bt for the bimetal, the evaluation of the lowest rating shall be limited to the Z 4

the high availpble fault current test if applicable. Whetethe constructions are not identic
ampere rating|of each construction break shall also bg evaluated to the Z sequence and the
fault current tegst.

7.1.1.7 The investigation of a circuit breaker'of frame size more than 225 A usually requ

operating

@ operator.

ical movement, contact, or other conditioning of the breaker shall be permittied, other than

e construction
amples of one
bst program or

nclude the 15
er ratings are
equence, and
al, the largest
high available

ires complete

testing of sets| of the maximum rating only,\unless basic construction differences are present. A set of the

minimum ratirjg shall be subjected to 200,7135, and 100 percent calibration and, where ap|
instantaneous| trip calibration, whenever such tests are not required on this rating as p
extensive test| program. If the frame size includes ampere ratings of 125 A or less, but m
that are to bg marked for use with 75°C (167°F) wire, ratings shall be selected for the
temperature tg¢sts based on the use of 75°C (167°F) wire. In selecting the rating(s) for test,
shall be given|to the relative heat dissipating effect of the 60°C (140°F) versus 75°C (167°F
the particular pmpere rating.

plicable to the
art of a more
pre than 30 A,
overload and
consideration
F) wire size for

7.1.1.8 If the|marked rating of a circuit breaker includes both alternating and direct cu

rent, or if the

marked rating| does not exclude one or the other, the acceptability of the circuit breaker for both ratings

shall be determined. The ac rating shall be verified by the test program described in Table 7.1.1.2. To

verify the dc rating it will ordinarily be necessary only to additionally subject a previously un
set that has the maximum ampere rating of the frame size, to:

a) All calibration and trip-out tests with either ac or dc, whichever is more conven
b) Overload, endurance, and interrupting tests with dc; and

c) Dielectric voltage withstand tests with ac.

tested sample

ient;
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7.1.1.9 Each pole of a multipole dc circuit breaker shall be tested individually unless marked in
accordance with 9.1.4.8 and investigated in accordance with 7.1.1.10 — 7.1.1.13.

7.1.1.10 A multipole dc circuit breaker intended to have poles wired in series shall be wired in accordance
with the manufacturer’s instructions. If specific hardware or parts are required, they shall either be
available as a kit or be shipped with the circuit breaker and comply with 14.1.2.

7.1.1.11 Notwithstanding 7.1.1.25, for a dc circuit breaker that is required to be wired in series such that
the same number of poles (contacts) are exposed to the current in both directions simultaneously, testing
in both the forward and reverse direction is not required.

7.1.1.12 Multipole dc circuit breakers marked for more than one wiring configuration shall be subjected to
a sufficient n

N £ 4 ‘ot 3 1) £ EH — 1
HTOCT O eSS O TCPTESTTIT an COTTguUTation ST CAATTPTC S,

a) Fo shall

repreg

I interrupting tests, a configuration with the least number of poles energized
ent configurations with more poles energized.

b) Fo shall

repreg

I temperature tests, a configuration with the most number of poles energized
ent configurations with a fewer number of poles energized,

c) Ca
numb

ibration tests shall be conducted on the configurations, with both the most and least
br of poles energized.

7.1.1.13 For the endurance, overload, and interrupting tests,~a dc circuit breaker intended for use on a
system having one conductor grounded shall be tested withthie enclosure or mounting surface connected
to the negativg conductor through a fuse as described«in\7.1.1.27.

7.1.1.14 A circuit breaker having an instantaneous response as indicated in 6.1.5.8 shall |be capable of

passing the 1
the other test
instantaneous

7.1.1.15 For fests made with ac, a circuit having the rated frequency of the circuit breaker

If the specifieq
shall be used.
Circuit Breakd

DO-percent calibration test with the-instantaneous response set at its minimu
with the instantaneous response’set at its maximum setting, except as notec
trip calibration test, 7.1.2.5, nete ¢ of Table 7.1.3.1 and note a of Table 7.1.

frequency is in the_range of 50 to 60 Hz, or if no frequency is indicated, a 48
If the specified fréquency is 400 Hz, a 380 — 420 Hz circuit shall be used. See
rs, Section 7.14_for testing 400 Hz rated circuit breakers.

7.1.1.16 Sep

circuit breakefs but\shall be treated throughout as individual circuit breakers. When a
breaker consists «of jpoles constructed so as to trip independently, not common trip, each
treated as a sjngle pole circuit breaker during the calibration tests.

rately-operable circuit breakers in a common base shall not be considere

m setting, and
in Adjustable
7.3.

shall be used.
— 62 Hz circuit
400 Hz Rated

I as multipole
2-pole circuit
pole shall be

7.1.1.17 Separately-operable single-pole circuit breakers shall be treated as individual circuit breakers
even though they may have a common housing.

7.1.1.18 While normally 1-, 2-, 3-, and 4-pole constructions will require individual representative sets of
samples, it may be possible in certain instances, where constructions are basically identical, to represent
other than the pole construction being tested.
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7.1.1.19 If a single-pole circuit breaker is rated at 120/240 V ac or 125/250 V dc, see 6.1.5.3, two such
circuit breakers shall be tested together in the intended manner as a 2-pole independent-trip circuit
breaker in the overload, endurance, interrupting, and dielectric voltage-withstand test described below.
Two such “pairs” of circuit breakers constitute a set.

7.1.1.20 In determining if a circuit breaker complies with the test requirements, the device shall be
mounted or supported as in service and tested under conditions approximating those of intended
operation, except as otherwise noted.

7.1.1.21 If a circuit breaker is marked for both copper and aluminum conductors, all tests shall be
conducted using copper conductors. If not marked for both copper and aluminum conductors, all tests

shall be conducted using the conductor type marked on the circuit breaker.

7.1.1.22 At th
circuit breake
shall not be n

7.1.1.23 Whe|
circuit breake

7.1.1.24 A 2-

a 3-phase, corner-grounded, delta circuit shall be caused to control 3-phase test circy

overload and
9.1.1.21.

7.1.1.25 Excq
”load”, one sq

connections re¢versed during the overload, endurangce, and interrupting tests. When an add

is used, it sh
voltage-withst

7.1.1.26 In th
smallest metd
enclosure shg
features which
door or cover

e conclusion of any test sequence, there shall be no malfunction of functiah
as determined by successful completion of the tests required for a_specifi
bcessary to open test samples to perform a visual inspection to determine cq

h wires are used to connect a circuit breaker for test, the tighteriing torque
terminals shall not exceed the value marked on the circuit breaker.

pbole common trip circuit breaker that has an additional marking to indicate a
endurance tests and both single and 3-phase ‘ircuits during the interrup
pt for single-pole circuit breakers tested singly, if a circuit breaker is not mar
mple of each set tested, or one additional'sample, shall be connected with thg
all be subjected to the initial 2@0-percent calibration, the trip-out, and

and tests.

| enclosure that will be~used in actual service; except that for the endu
Il not be required if the vertical surface on which it is mounted is metal, un
would affect the(performance of the circuit breaker if not mounted within an ¢
and any other épenings including used and unused openings shall be closed

of the enclos
standard for
enclosure is

of the vents of the_circuit breaker and where an arc is likely to strike. A nonconducting encl
used if the cirguit breakers are marked as precluding use in a metal enclosure as required

re by means of tape. However, any ventilating openings specified and pe
ircuit breakers rated 400 A or more, see 9.1.1.20, need not be closed. If th
inted;.the paint shall be scraped off on the inside surface of the metal encl

al parts of the
C sequence. It
mpliance.

applied to the

cceptability on
its during the
ting test. See

ked ”line” and
e line and load
itional sample
the dielectric

b overload, endurance, and-interrupting tests, a circuit breaker shall be moumted within the

ance test, an
less there are
nclosure. The
on the outside
mitted by this
b inside of the
bsure in areas
osure shall be

by 9.1.1.19.

7.1.1.27 In the overload, endurance, and interrupting tests, a fuse acceptable for branch circuit protection
shall be connected between the enclosure or mounting surface, see 7.1.1.26, and one line to indicate arc
over as indicated in 7.1.11.4.1.14 and Figures 7.1.3.1, 7.1.5.1 and 7.1.7.1, respectively. The fuse shall be
a 30 A nonrenewable type, having a voltage rating not less than the rating of the device being tested. The
connection of the fuse shall be made to the load side of the limiting impedance by means of a 10 AWG
(5.3 mm?) wire not more than 1.829 m (6 feet) in length. The enclosure or mounting surface shall not be
otherwise electrically connected.
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7.1.1.28 During the overload and endurance tests, circuit breakers rated 150 A and less with dependent
manual operation shall be operated with an operating speed, during actuation, of 0.1 m/sec * 25 percent,
this speed being measured at the extremity when and where the operating means of the test apparatus
touches the actuating means of the circuit breaker under test. For rotary knobs, the angular velocity shall
correspond substantially to the above conditions, referred to the speed of the operating means (at its
extremities) of the circuit breaker under test.

7.1.1.29 Standard circuit breakers shall be subjected to the requirements in the following Supplements as
indicated:

a) Supplement SA — Marine Circuit Breakers (Not for Canada): Circuit breakers intended for
marine use in accordance W|th USCG Electncal Systems regulatlons subchapters 33 CFR, Part
-113) shall

b) Supplement SB — Naval Circuit Breakers (Not for Canada): Circuit breakers int¢nded for use
aboarp non-combatant and auxiliary naval ships shall comply with Sectipn”7 except as revised

unintdgrruptible power supplies (UPS) shall comply with Section-7 except as revised by
Supplement SC.

d) Supplement SD — Classified Circuit Breakers (US-enly): Circuit breakers intendgd for use as
alterngites for specified circuit breakers for use with specified panelboards shall comply with
Sectign 7 except as revised by Supplement SD;

e) Supplement SE — Electronic Trip Circuit-Breakers: Electronic trip circuit breakefs provided
with programmable components for overcurrent protection, trip settings, current rafings, and the
like, other than those circuit breakers 'covered in 7.4 or 7.5, shall additionally compgly with
Supplement SE.

f) Supplements SF and SG —Electronic Trip Circuit Breakers: Circuit breaker trip lnits
emplgying electronic circuithcomponents shall additionally comply with the applicaljle EMC
requirements of Suppléments SF and SG.

g) Supplement SH\>~"Molded-Case Circuit Breakers with Additional Motor Overloadl Protection:
Motor|OverloadProtection Circuit breakers shall comply with Section 7 except as fevised by
Supplement\SH.
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7.1.2 Calibration Tests
7.1.2.1 General

7.1.2.1.1 To determine if a multipole circuit breaker complies with the requirements of 7.1.2.2 for
operation on 200 percent of rated current, each pole shall be tested separately. To determine if a multipole
circuit breaker complies with the requirements of 7.1.2.3 and 7.1.2.4, all poles shall be loaded equally,
except as indicated in 7.1.1.17.

7.1.2.1.2 To determine if a circuit breaker rated 226 — 400 A complies with the requirements of 7.1.2.2
and 7.1.2.3, the procedure shall be as follows. For the X Sequence, if interchangeable trip units are
involved, two samples of the frame and three samples of the tr|p un|t shall constltute a set for the 200-

remainder of
of the trip unit
hree samples

b-percent callbratlon test at 25°C (77°F) and two frames shall be used for ‘the
nce. For the Y and Z Sequences, two samples of the frame and two safples
a set. For the X Sequence, if noninterchangeable trip units are involved,

during the 131
the test sequ
shall constituf|

5t tripping time
br of the test
equences are

7.1.2.1.3 To dletermine if a circuit breaker rated 401 — 1600 A camplies with the requiremgnts of 7.1.2.2
and 7.1.2.3, the procedure shall be as follows. For the X Sequence, if interchangeable| trip units are
involved, one sample of the frame and three samples of the triprunit shall constitute a set fgr the 200- and
135-percent initial calibration tests at 25°C (77°F). The trip~unit having the shortest tripping time during
the 135-percent calibration test at 25°C (77°F) and onedtame shall be used for the remainder of the test
sequence. For the Y and Z Sequences, one frameand one trip unit shall constitute a $et. For the X
Sequence, if moninterchangeable trip units are involved, three samples shall constitute a sgt for the 200-
and 135-percgnt tests. The sample having the shertest tripping time during the 135-percent ¢alibration test
at 25°C (77°H) shall be used for the remainder of the test sequence. For the Y and Z [Sequences, if
noninterchangdeable trip units are involved;»one sample shall constitute a set. If the X-Y-Z Sequences are

combined, thg procedure described for-the” X Sequence shall be followed.

7.1.2.1.4 Calipration tests of a circuit'breaker may be made at any voltage, using either a
into considergtion the charactefristics of the circuit breaker and the possible conditions of
not specifically marked for either dc or ac shall be subjected to the 100-percent test with g
subjected to the 135- and.200-percent test with dc. A circuit breaker rated only for a spe
other than in the rangécof 50/60 Hz, or dc, shall be tested at the rated frequency, or d
appropriate.

C or dc, taking
use. A device
c and may be
cific frequency
c, or both, as

7.1.2.1.5 Notyithstanding 7.1.2.1.4, if it can be shown by comparison tests that the ac and dc calibration

times are essentially the same, then either an ac or dc current source may be used.

7.1.2.1.6 The conductors specified in 7.1.1.21 shall be of the size indicated in Table 6.1.4.2.1 and no less
than 1.219 m (4 feet) in length, except that an accommodating fixture may be used for circuit breakers
rated 100 A or less. For a circuit breaker or a circuit breaker frame with an interchangeable trip unit rated
more than 30 A but not more than 125 A, the wire size shall be based on the temperature rating of the
wire as indicated by the marking on the circuit breaker or trip unit. Where a dual wire temperature rating
is marked, 60/75°C (140/167°F), the test shall be conducted with both size wires or the most adverse one,
if it can be clearly determined.
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7.1.2.1.7 Calibration tests of a circuit breaker shall be conducted with the temperature of the ambient air
at 25 £3°C (77 15°F), except that the 100-percent calibration test required at 40°C (104°F) shall be
conducted with the temperature of the ambient air at 40 +3°C (104 +5°F). In addition, an ambient
compensated circuit breaker shall be subjected to 200- and 135-percent calibration tests with the
temperature of the ambient air at 40 £3°C (104 +5°F), the 135-percent test being conducted immediately
after the circuit breaker has carried its rated current until constant temperatures have been reached.

7.1.2.1.8 In conducting calibration tests at 40 +3°C (104 £5°F), as indicated in 7.1.2.1.7, the circuit
breaker, with leads attached shall be terminated in its intended manner and shall be mounted throughout
the tests on a vertical surface in an oven, compartment, or room. The ambient temperature shall be
measured as indicated in 7.1.4.1.7. The 200-percent calibration test shall be made when the temperature
at the points shown in Figures 7.1.4.1.1 — 7.1.4.1.4 becomes constant. After the 200-percent calibration

test haS been UUIIIH:UtUd, |atcd wuUurTel It Ohall bU paoocd thluuyh thc \J;IUU;t blcalr\cl Ullt;: tl temperature

on the circuit breaker becomes constant, at which time the 135-percent calibration test shall be made.

7.1.2.2 200 pgrcent calibration test

7.1.2.2.1 Stafting with the test sample at the ambient temperature indicatedvin Table 7.1.1.2, a circuit
breaker carrying 200 percent of its rated current shall trip within the time limits given in Table 7.1.2.2.1.
See 7.1.2.1.7

Table 7.1.2.2.1
Automatic tripping time — 200 pércent rated

Current rating (l,) Maximum tripping time
in Amperes in minutes
0 - 302 2
31 -50 4
51 -100 6
101 - 150 8
151 - 225 10
226 —.400 12
401\~ 600 14
601 — 800 18
801 — 1000 20
1001 — 1200 24
1201 — 1600 26
1601 — 2000 28
Over 2000 30
@ For circuit breaker frames rated more than 250 V, the maximum tripping time
may be 3 minutes.
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7.1.2.3 135 percent calibration test

7.1.2.3.1 A circuit breaker carrying 135 percent of its rated current in accordance with Table 7.1.1.2 shall
trip within 1 hour for a device rated at 50 A or less, and within 2 hours for a device rated at more than 50
A. Unless otherwise directed, the test sample shall be at the ambient temperature indicated in Table
7.1.1.2 at the start of the test. See 7.1.2.1.7.

7.1.2.4 100 percent calibration test
7.1.2.4.1 A circuit breaker shall be capable of carrying 100 percent of its rated current without tripping

until temperatures become constant. This test may be conducted concurrently with the temperature test.
See 7.1.41.4 and 7.1.4.1.11.

7.1.2.5 Adjusiable instantaneous trip calibration test

7.1.2.5.1 In g circuit breaker that has an adjustable instantaneous release as jndicated jn 6.1.5.8, the
automatic tripping at the maximum setting shall be within the range of 80 — 180‘percent pf the marked
tripping curret. At the minimum setting, tripping shall be within the range of*80 — 130 percent of the
marked trippirjg current.

7.1.2.5.2 To determine if a circuit breaker complies with the requirement of 7.1.2.5.1, tests |shall be made
using one of {he following techniques. This test shall be performed at both the maximum|and minimum
settings of th¢ instantaneous response. Each pole shall be tésted separately three timgs at both the
maximum and minimum settings. The average of the three tests on any pole shall be copsidered to be
the tripping cyrrent of that pole.

a) Ramp Method — The test current at the beginning of the test shall be 70 percent of the
setting, and the current is then to be increased rapidly until the circuit breaker tripg by means of
the ingtantaneous response.

b) Pulse Method — The test current-shall be set at 80 percent of the marked trip $etting and
closed so that there is minimum~asymmetry. The duration of the pulse shall be at |east 6 cycles.
The tgst current shall be increased in 5 percent increments. If the circuit breaker ttips at 80
percent the test current shall be reduced by 5 percent to demonstrate that the circpit breaker
does pot trip within 6 cycles.

c) Ofther Methods > "Another method that is found to give an accurate indication df the trip
point shall be permitted.
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7.1.2.6 Thermal memory retention test

7.1.2.6.1 A circuit breaker that has an electronic trip unit shall additionally be subjected to the following:

a) Conduct the 200 percent calibration test, see 7.1.2.2. There shall be no auxiliary power on

the tri

p unit.

b) Re-close the circuit breaker within a time twice the time-delay setting and repeat the 200
percent calibration test. The tripping time shall be at least 30 percent less than the value
previously recorded in a).

7.1.3 Overload Test

7.1.3.1 A circ
conditions ind
device and th
metal shall ng

7.1.3.2 A cirg
breaking 600
circuit breake
rated voltage
may be reduc]

uit breaker shall be capable of performing successfully when operated unde
cated in 7.1.3.2 — 7.1.3.14. There shall be no electrical or mechanical\bre
e fuse indicated in 7.1.1.27 connected to indicate arc-over to the.-enelosurs
t have cleared.

uit breaker shall be operated as shown for circuit breakers\in” Table 7.1.3.
percent of its rated current, but no less than 150 A, unless the inherent imp
will not provide the 150 A at rated voltage. In this case;’the maximum cur
bhall be used. If the circuit breaker does not latch atithe specified rate of ope
d sufficiently so that the circuit breaker will just remain latched.

Table 7.1.3.1
Overload test operations?

r the overload
hkdown of the
b or grounded

1 making and
edance of the
ent passed at
ation, the rate

Frame size, Number ‘of operations Number of

Amperep Circuit breakers Switches gycles of

Close and open Close manually, c!oera_tlon

manually®.cd open automatically per minute
100 or legs 35 15 50 6
101 - 150 50¢ _e 50 5
151 - 226 50 - 50 5
226 - 160 50 - 50 1
1601 — 2500 25 - 25 1f
2501 — 6000 289 — 289 19

b If the test sam

adjusted to less
d The minimum

made manually
f Operation may

@ The operations may be performed by a machine simulating manual operation.

ple trips during manual operation, it is still considered as a manual operation.

¢ At the option of the manufacturer, the adjustable instantaneous response of a circuit breaker rated 400 A or more may be

than the maximum position.
closed time shall be one cycle, unless the sample trips.

€ In the case of a multipole breaker without a common trip, and rated at more than 100 A, 35 cycles of operation shall be

and 15 automatically as specified in 7.1.3.14.
be conducted in groups of 5, with 15 minutes maximum between groups.

9 Three operations at 600 percent of rating at the rate of 1 cycle per minute, followed by 25 operations at 200 percent of rating
at the rate of 1 cycle per minute (may be conducted in groups of 5 with 15 minutes maximum between groups).
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7.1.3.3 The line terminals shall be connected to a supply circuit as indicated below, and the load terminals
shall be connected to the necessary impedance. The open circuit voltage of the supply circuit shall be not
less than 100 percent nor more than 105 percent of the rated voltage of the circuit breaker, except that a
higher voltage may be used if agreeable to the submitter and the testing agency. Except as permitted by
7.1.3.4, the current capacity of the supply circuit shall be such that the closed-circuit voltage across the
circuit breaker and load with 600 percent of the rated current of the circuit breaker flowing is within 15
percent of the rated voltage of the circuit breaker.

7.1.3.4 The closed circuit voltage across the circuit breaker shall be permitted to deviate by more than 15
percent from the rated voltage of the circuit breaker if the supply circuit complies with the requirements for
recovery voltage, as indicated for interrupting tests, using a load equal to the overload or if the supply
circuit is consj i i

re indicated in
is clause and

7.1.3.5 Wiring diagrams illustrating the test of circuit breakers under overload conditions a
Figure 7.1.3.1]. Refer to explanation of test methods and circuit characteristics given in tf
7.1.3.8 — 7.1§8.14. All conductors of an ac circuit shall pass through the same knockqut, or all line
conductors through one knockout and all load conductors through another\knockout. Where parallel
conductors are used, more than one knockout shall be permitted to belused if an eqyial number of

conductors frg

7.1.3.6 A cird
with the enclo

m each phase and from the same line or load side are routed through each

Lit breaker intended for use on a system having one‘conductor grounded s
sure, if of metal, connected to the grounded conductor through a fuse describ

If a circuit bregker is intended for use on other types of systems;.the enclosure shall be conr

a similar fuse

7.1.3.7 A circ
the device co
point. The dc

7.1.3.8 Exceq
with ac with g
except as not
reactances sh
shall be perm

to the live pole least likely to strike to ground:

pit breaker intended for use on a dc system, see 7.1.1.7, shall be tested wi
nected so that the enclosure will be-positive in potential with regard to the
circuit shall have a time constant not less than 0.003 second.

t as permitted by 7.1.3.9, a circuit breaker intended for use on an ac system

n air core inductive load.~The power factor of the load shall be from 0.45 t
bd in 7.1.3.14. Reactive’\components of the load shall be permitted to be pa
all be connected in ‘parallel with resistances, except that an air-core reactof

power consumption in that phase.

7.1.3.9 Anirg
225 A and th
equal to 1.414
using air-core

n-core reactor shall be permitted to be used if the maximum test current is
b current_wave shape at maximum current is such that the ratio of peak-to
+5 _percent (essentially sinusoidal). If referee tests are necessary, they shall

knockout.

hall be tested
ed in 7.1.1.26.
ected through

h dc and with
nearest arcing

shall be tested
b 0.50 lagging
ralleled but no
in any phase

tted to be shuntedyby resistance, the loss of which is approximately 1 percent of the total

not more than
rms values is
be conducted

reactors in accordance with 7.1.3.8.

7.1.3.10 For the overload test and for the endurance test, see 7.1.5.3, the resistance per phase in which
the power loss is approximately 1 percent of the total power consumption in that phase will be as indicated
in Table 7.1.3.2.

7.1.3.11 Circuit characteristics are normally determined using laboratory type meters. Where required
because of high current conditions, the circuit shall be determined by oscillographic or equivalent means
as described in Interrupting Test, 7.1.7. It is not necessary that a circuit breaker be in the circuit when
making the circuit determination, so long as during the test it is shown that the circuit breaker is
interrupting the correct value of current. The test current required shall be the rms symmetrical current
value.
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Figure 7.1.3.1
Overload test connection diagrams
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A —1-Pole

B, C — 1-Pole "T4

D — 2-Pole Comnf

E — 2-Pole Comnj

F — 3-Pole

sted in Pairs” (also represents-2-Pole independent-trip type circuit breaker)

on-Trip “slant” (120/240," 125/250 V) Rating

on-Trip Rating-other than D

G — 3-Pole wye-g

onnected system ratings

H — 2-Pole Common-Trip for 3-Phase Rating

| — 4-Pole wye-connected system ratings

N — Neutral

Z — Load Impedance

f — 30 A “ground” Fuse — Enclosure
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Table 7.1.3.2
Shunting resistance per phase

Shunting resistance per phase in Ohms

Power factor

Power factor

Thre¢ phase

0.45 - 0.50 0.75 - 0.80
Single phase M ﬁ
| |
94 E 30 £

Closed circuit line potential in Volts,
Line current in Amperes.

S4365

7.1.3.12 Excqpt as noted in 7.1.3.14, a 2-pole circuitbreaker intended for use on a dc or & single-phase

ac, 3-wire sygtem with a grounded neutral shall\be’ tested on a 3-wire supply circuit havi
grounded. The circuit breaker shall be connected as shown in diagram D of Figure 7.1.3.1
connected to the ungrounded conductors of,the circuit, with no connection to the midpoint o
with the enclosure connected to the neutral‘through a fuse as indicated in 7.1.1.27.

ng the neutral
with the poles
f the load, and

7.1.3.13 A 3-pole circuit breaker inténded for use in an ac circuit shall be tested in a 3-phgse circuit with

.|See 9.1.1.22.

7.1.3.14 Follgwing the 35 gycles of manual operation, a 2-pole circuit breaker constructed so that either

intended for use—wi

.1.19 shall be

the other pole
uit breaker is
tic operations

only. At the option of the manufacturer a 2-pole common- trlp CII’CUIt breaker as described in 7.1.3.12 may

be tested in the same manner.
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7.1.4 Temperature Test
7.1.4.1 General

7.1.4.1.1 A circuit breaker shall be subjected to the temperature test described in 7.1.4.2 or 7.1.4.3 as
part of the X sequence. See 7.1.4.1.2 and 7.1.4.1.3.

7.1.4.1.2 A non 100 percent circuit breaker shall be tested in accordance with 7.1.4.2 without an
enclosure, at 100 percent of its rated current. At the conclusion of this test, as an option in accordance
with 7.1.4.2.4, a circuit breaker is permitted to be tested at 80 percent of its rated current while installed
in an enclosure.

matkeefo 8 t g-eyrrent shall be

following options:

a) In the smallest enclosure with which it is intended to be used, or

b) In ppen air as part of the X sequence followed by a second test in'the smallesf| enclosure
with which it is intended to be used. If this option is used a new satnple is allowed| for the
second test.

7.1.4.1.4 When tested without an enclosure under the conditions described in 7.1.4.1.5 - 7|1.4.1.23, or in
an enclosure |as described in 7.1.4.2.4, a circuit breaker shdll’ operate without tripping |until constant
temperatures pre attained, and materials used in the construction of a circuit breaker shall not be affected
adversely by the temperatures to which they are exposed during the test.

7.1.4.1.5 The|materials shall be considered as being.affected adversely if temperature risgs greater than
those indicated in Tables 7.1.4.1.1 and 7.1.4.1.2.are attained.

Table 7.1.4.1.1

Maximum>acceptable temperature rise
Material and components °C °F
Wir¢ insulation or insulating:tubing? 35 63
Elegtrical tape? 55 99
Varpish-clothsinsulation® 60 108
Fibgr empleyed as electrical insulation® 65 117
Phenolic composition or melamine® 110 198
Urea composition? 60 108
Other insulating materials® - -
Sealing compound® 50 90
2 The limitations on insulating materials in 7.1.4.1.5 do not apply to a material or compound that has
been investigated and has special heat-resistant properties.

Table 7.1.4.1.1 Continued on Next Page
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7.1.4.1.6

surfaces.

Table 7.1.4.1.1 Continued

Material and components

°C

°F

temperature rise plus 40°C (104°F).

90°C (194°F) in any case.

b The acceptability of insulating materials shall be determined with respect to properties — such as
flammability, arc resistance, relative or generic temperature indices, and the like — based on the

¢ The softening point shall be at least 40°C (104°F) higher than the temperature rise, but not less than

Table 7.1.4.1.2
Maximum temperature rise on coils

o
T

Wirejwound coils?

Clas$ 105 insulation
Thermocouple method
Resistance method

Clas$ 130 insulation
Thermocouple method
Resistance method

Clas$ 155 insulation
Resistance method

Clas$ 180 insulation
Resistance method

Clas$ 200 insulation
Resistance method

Clas$ 220 insulation
Resistance method

Single-layer series coils, with exposed surfaces uninsulated or
film-doated wire

Clas$ 105 insulation
Thermocouple method

65
85

85
105

115

135

150

165

90

117
153

153
189

207

243

270

297

162

aSonje\typées of coil constructions may have a smaller difference between the hot spot temperature 3

the te

nd

9

as the result of the current winding bus through the center of the coil. In such cases, the limiting values

shown may be exceeded if an investigation shows that the hottest-spot temperature rise plus the ambient

temperature does not exceed the insulating system rating.

The maximum temperature on handles, knobs, and other surfaces subject to user contact
during normal operation shall not exceed 60°C (140°F) on metallic and 85°C (185°F) on nonmetallic
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7.1.4.1.7 The circuit breaker shall be mounted in a closed room substantially free from air currents. The
temperature of the ambient air shall be as indicated in 7.1.2.1.7 as determined by one thermometer or
thermocouple placed 305 mm (12 inches) from the circuit breaker at one side in a plane horizontal to the
center of the circuit breaker. The thermocouple or thermometer shall be shielded from any heat source,
such as power sources, connecting wires, or bus bars.

7.1.4.1.8 Except for the temperature test outlined in 7.1.4.2.4, a circuit breaker shall be connected to a
test source so that all poles carry 100 percent of rated current.

7.1.4.1.9 The temperature test shall be conducted using ac at any convenient voltage except that a circuit
breaker marked for use on dc only may be tested using either ac or dc. Polyphase circuit breakers shall

be permltted to be tested usmg elther smgle phase or polyphase current The frequency of the test voltage

shall be 50 —
The circuit brg

714110 A
shall be ene
temperature i

7.1.4.1.11 T4
thermocouple
continued unt
be stable whe

of no more than 1.0°C (1.8°F) between any of the three readings. The change between reg

shall be less t
1.0°C. Additio

714112 Th
mm?2).

7.1.4.1.13 Th
contact wiring
shall be attac
at other points

aker shaII be permltted to be switched up to ten times W|th no load prior, e

Loil, such as used in a tripping mechanism, that is intended to be energized
gized at rated voltage or current and frequency (or dc). See~7.1.4.4 f
se determination.

mperature measurements on parts other than coils shall be obtained
and a potentiometer-type (or other suitable) indicating instrument. The
| all temperatures measured on the device stabilize.™A temperature shall be
h three successive readings, taken at intervals of‘not’less than 15 minutes, g

N

b

han or equal to 1.0°C. The change between readings 2 and 3 shall be less th
nally, the total change between readings-tand 3 shall also be less than or ¢

e thermocouples indicated in 7.1.4.1 ¢ 1 shall consist of wires not larger than

ermocouples shall be attached at line and load wiring terminals at the point

ned at the points shown®in Figures 7.1.4.1.1 — 7.1.4.1.4. Thermocouples shg
as necessary to determine temperatures of materials in accordance with 7.

afed frequency.
e test.

continuously,
or method of

by means of
test shall be
considered to
how a change
dings 1 and 2
an or equal to
qual to 1.0°C.

D4 AWG (0.21

most likely to

insulation. When wiring-terminals are not provided on the circuit breaker, thermocouples

Il be attached
421,
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Figure 7.1.4.1.1
Connection for bolt-on circuit breaker rated less than 1600 A

CIRCUIT

SEE NOTE]
=12
C 1 o ~—A |
A H .
|
Z
COPPER BUS BAR 1.55A/mm?
(1000A/in2) 152 mm
L E0739— 1A (6 in) MAX LENGTH

Note: Wire size in accordance with Table 6.1.4.2.1

Figure 7.1.4.1.2
Connection for pliug-in circuit breakers

CIRCULIOBREAKER

/

THERMOCOUPLE

SBO736-1
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Figure 7.1.4.1.3
Connection for circuit breaker with extension member

|

CIRCUIT BREAKER

l— TERMINAL BLOCK

| | ,
|

EXTENSION
MEMBER

| ——.

% ©=—— THERMoOCOUPLE

I
BUS BAR /

SB0733

Figure-7.1.4.1.4
Connection of circuit'breaker with bus bars

S
AR

BU
BA

A W
o o

CIRCUIT BREAKER

‘_J::E’.Ef] =08 : i

THERMOCOUPLE

SA1047
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7.1.4.1.14 Except as noted in 7.1.4.1.17, a circuit breaker that has wiring terminals shall be connected
for the temperature test with not less than 1.219 m (4 feet) of black Type RH, TW, TW75, RW75, THW,
THHN, or THWN copper wire per terminal. The wire size shall correspond to the rating of the circuit
breaker as given in Table 6.1.4.2.1. For a circuit breaker or a circuit breaker frame with an interchangeable
trip unit rated 100 A or less or that is not marked for use with wire sizes of 1/0 or larger, the wire size shall
also be based on the temperature rating of the wire as indicated by marking on the circuit breaker or trip
unit. Where a dual temperature rating is marked, 60/75°C (140/167°F) wire, the test shall be conducted
with 75°C (167°F) wire. If agreeable to the submitter and the testing agency, insulation of a color other
than black shall be permitted.

7.1.4.1.15 To facilitate test connections, wires of any convenient size and number as required for the test
current shall be permitted to connect the bus bars described in 7.1.4.1.17 to the source of supply.

7.1.4.1.16 If g circuit breaker rated less than 1600 A has terminals that have no provision-fgr wire (bolt-on
circuit breakers), the connections to those terminals during the temperature test shall beymagle with copper
bus bars. The size of the bus bar used for the temperature test shall be 1.55-A/mm? (000 A/in?) of
copper, based on the circuit breaker frame size, except that when the circuit breaker is infended for use

with a smallerfbus bar, such smaller bus bars shall be used. The bus bars shalt be mount
service. Except as noted in 7.1.4.1.18, the length of the bus bar shall not éxeeed 152 mm

the bus bars [shall terminate in one or more wire connectors. The wire connectors sha
accordance wjth 7.1.4.1.14, and the combined length of bus bar and wire shall not be less
(4 feet). See Figure 7.1.4.1.1.

7.1.4.1.17 A gircuit breaker of a frame size rated 1600 A or.more may be tested with co|
instead of with wire if agreeable to the submitter and the testing agency. A circuit breaker rg
4000 A shall ye tested with copper bus bars unless it jsrmarked for cable connection only

Unless mark
7.1.4.1.3 and pt least 1.219 m (4 feet) in length. The“spacing between multiple bus bars sk

d as in actual
6 inches) and
Il be wired in
than 1.219 m

pper bus bars
ted more than
see 9.1.2.12).

to indicate otherwise (see 9.1.2.13),\the bus bars shall be of the size shown in Table

all be 6.4 mm

(1/4 inch), with no intentional greater spacing exeept as necessary at the individual terminals of the circuit

breaker.

Table 7.1.4.1.3
Size of copper 'bus bar connections for temperature test

Circuit |breaker Bus bar per terminal
frame|size in Size in
Amperes Number mm (inches)
1400 2 6.4 x76.2 (1/4x 3)
2¢00 2 6.4 x 102 (1/41x 4)
2500 2 6.4 x 127 (1/4 x 5)
or4 6.4 x 63.5 (1/4 x 2-1/2)
3000 4 6.4 x 102 (1/4 x 4)
4000 4 6.4 x 127 (1/4 x 5)
5000 6 6.4 x 127 (1/4 x 5)
6000 6 6.4 x 152 (1/4 x 6)
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7.1.4.1.18 For the 100 percent rated test, a circuit breaker shall be connected with copper bus bars if the
circuit breaker is intended for use with both bus bars and wiring terminals. Unless the circuit breaker is
marked to indicate otherwise, the bus bars shall have a cross section of 1.55 A/mm? (1000 A/in?) for
ratings less than 1600 A. For ratings of 1600 A and higher, the bus bar shall be in accordance with Table
7.1.4.1.3. If the circuit breaker is intended only for use with wiring terminals, the test shall be conducted
with insulated conductors, as specified in 7.1.4.1.14. The bus bars or cable shall be at least 1.219 m (4
feet) long. The test shall be permitted to be repeated using insulated cable for a circuit breaker intended
for use with both bus bars and wiring terminals.

7.1.4.1.19 A circuit breaker that has specially formed terminals intended only for connection to mating
parts (plug-in type) shall be tested W|th matlng parts of the most adverse (smallest) S|ze and configuration
with which it i | service shall

terminate in ope or more pressure termlnal connectors WhICh shall be connected for the te
and length of wire indicated in 7.1.4.1.14. See Figure 7.1.4.1.2.

7.1.4.1.20 For a circuit breaker constructed so that the points where wires or bus:bars are
attached are Ipcated on integral or separable parts that extend from the circuipbreaker ho
procedure ind|cated in 7.1.4.1.21 and 7.1.4.2.4 shall be followed.

7.1.4.1.21 Caonnections for the temperature test shall be made to the.intended points on
members usirjg wire or bus bars as specified in 7.1.4.1.14, 7.1.4 416, 7.1.4.1.17 and Figu

714122 A
parts (draw-

¢ircuit breaker that has specifically formed terminals intended only for conneq
dut type), shall be tested with mating parts.;of the most adverse (small

st by the type

ntended to be
using, the test

the extension
re 7.1.4.1.3.

tion to mating
est) size and

configuration ith which it is intended to be used. The receiving device mating parts mountgd as in actual

service shall e tested with the receiving device connected to the source with bus sized jn accordance
with 7.1.4.1.18, unless the circuit breaker is marked-for cable connection only.
7.1.4.1.23 A ¢ircuit breaker constructed so {hat the points where wires or bus bars are intended to be

attached are |
tested with bu
The bus shall

pcated on integral or separabile parts that extend from the circuit breaker ho
5 connections to the souree;-Unless the circuit breaker is marked for cable ca
be sized in accordance‘with 7.1.4.1.18.

using shall be
nnection only.

7.1.4.2 Non 100 percent rated

7.1.4.2.1 Tenpperature rises: at specific points shall not exceed the values indicated |n 7.1.4.1.5 —

7.1.4.1.7, and| Tables 7#3¥-4.1.1 and 7.1.4.1.2.

7.1.4.2.2 The
up as in actug

temperature rise on a wiring terminal at a point to which the insulation of a v
I'service shall not exceed 50°C (90°F).

vire is brought

7.1.4.2.3 The temperature rise on a part of a circuit breaker, or an extension member, see 7.1.4.1.19,
where a bus bar is to be connected shall not exceed 50°C (90°F).

7.1.4.2.4 If the temperature rise at the points where the connection specified in 7.1.4.1.21 are made
exceeds 50°C (90°F) but is not more than 65°C (117°F) with the circuit breaker carrying 100 percent of
rated current, the temperature test shall be permitted to be repeated using an untested circuit breaker
installed in an enclosure that is representative of the smallest enclosure with which the circuit breaker is
likely to be used. Under these conditions, with the circuit breaker carrying 80 percent of its maximum rated
current, the temperature rise at the points where the connection to external wires or bus bars are made
shall not exceed 50°C. Ventilated enclosures as specified in Ventilation, Section 18.4 shall be permitted.
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7.1.4.3 100 p

ercent rated

7.1.4.3.1 A circuit breaker shall be permitted to be rated for continuous operation at 100 percent of its

ampere rating

a)

if it:

higher than 250 V;

b) Is

marked in accordance with 9.1.4.4; and

c) Complies with the requirements of 7.1.4.3.2 — 7.1.4.4.4.

71432 A1

a¥al

Is of a frame size rated 250 A or more or a multi-pole type of any ampere rating and rated

which it is intq

7.1.4.3.3 The
used; or on a
when tested W
marking shall
does not excs

7.1.4.4 Coils

7.1.4.4.1 The

£ ol i HE N 1 ball L % daoal YN 1l + 1
PUMUTTUUTIL TAITU UITUUTL VTTANRNTT offidil Vo 1TotTuUu 1T uic ofmfiantvot TIivivoulc

nded to be used.

temperature rises where connections are made to external bus bars; whern
wiring terminal at a point to which the insulation of a wire is brought-p as in
ith insulated wire shall not exceed 60°C (108°F), if marked in accerdance with
be permitted to indicate only specific current ratings (1)) if a.rating less than th
ed the 50°C (90°F) temperature rise.

maximum temperature rise of a coil, when operating at its rated voltage or cu

not greater than that indicated in Table 7.1.4.1.2.

7.1.44.2 The

preferred method of measuring the temperature of a coil shall be the resis

but the tempgrature measurements by either thezthermocouple or resistance method a

except that th
which the win

7.1.4.4.3 The
aluminum win
the resistance

ing is not accessible for the placement of a thermocouple.
resistance method consists of the determination of the temperature of

at a known temperature, according to the formula:

r cubicle with

bus bars are
actual service
9.1.2.14. The
e frame rating

rrent, shall be

ance method;
e acceptable,

e thermocouple method shall not be" used for a temperature measurement at any point at

a copper or

ding by comparing the resistance of the winding at the temperature to be determined with
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in which:

R
T=-(234.5 + ) - 234.5 (copper)

7= % (225 + ) - 225 (auminum)

r is the resistance in ohms at the known temperature;

Ris t

tis th

e resistance in ohms at the temperature to be determined;

2 known temperature in degrees C; and

T is the temperature in degrees C to be determined.

71444 Asi
shutdown sha

quickly as pos

plotted and ejtrapolated to give the value of R at\shutdown.

7.1.5 Endurance Test

7.1.5.1 A cird
means of a m

| is generally necessary to de-energize theiwinding before measuring R, theg value of R at
|l be determined by taking several resistance measurements at short intervalg, beginning as
sible after the instant of shutdown. A,curve of the resistance values and thg time shall be

uit breaker shall be capable of performing successfully when operated manually or by
achine constructed._to, simulate manual operation for the number of cycles gnd at the rate

indicated in Table 7.1.5.1. Wheh ‘an electrical load is involved, the circuit breaker shall be cdaused to make

and break its
device. The fu

shall not have cleared.

7.1.5.2 The r
operations pe

minute.

hte «of Joperation may be increased at the option of the submitter but shall

rated current at rated voltage. There shall be no electrical or mechanical brepkdown of the
se specified.in7.1.1.27, connected to indicate arc-over to the enclosure or grpunded metal,

rl\ot exceed 20

7.1.5.3 To determine if a circuit breaker complies with the requirements of 7.1.5.1 and Table 7.1.5.1, the
device shall be mounted, connected, and operated as indicated in 7.1.1.25, 7.1.1.26, and 7.1.3.3 —
7.1.3.14 under "Overload,” except that the power factor for an alternating current test shall be 0.75 — 0.80
lagging. A two-pole circuit breaker that has independent trip operation of each pole shall be tested with
both poles operating simultaneously. In each cycle of operation of the endurance test with load, the circuit
breaker shall be closed and then opened immediately unless a longer “on” period is agreeable to the

submitter and

the testing agency.
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7.1.5.4 The current capacity of the supply circuit may be determined with rated current flowing (instead of
600 percent of rated current, as required in 7.1.3.3), in which case the voltage across the circuit breaker
and load shall be not less than 97-1/2 percent of rated voltage of the circuit breaker except that the
capacity of the supply circuit need not be greater than that of a circuit that is considered to be acceptable

for the interrupting test.

7.1.5.5 Eight wiring diagrams illustrating the test of circuit breakers under endurance conditions are
indicated in Figure 7.1.5.1. See the explanation of test methods and circuit characteristics given in 7.1.5.1

—7.1.54.
Table 7.1.5.1
Endurance test operations
|
Maximuth Number of cycles of operation
f!'am.e Per minute? With current Without current Total
size in
ampere$
100 6 6,000 4,000 10,000
150 5 4,000° 4,000 8,000°
225 5 4,000 4,000 8,000
600 4 1,000 5,000 6,000
800 1 500 3,000 3,500
1200 1 500 2,000 2,500
2500 1 500 2,000 2,500
6000 1°¢ 4060 1,100 1,500
2 For circuit brefikers rated more than 800 A, the endurancé test may, at the option of the manufacturer, be corjducted in
groups of 100 Igad operations. No-load operations mayde conducted between groups of load operations at the] option of the
manufacturer.
b Where tests affe required on samples having ratifigs of 100 A or less, 250 V or less, the number of operationg is to be the
same as for the| 100 A frame.
¢ Rate of operafion: 1 cycle per minute for first 10 operations; thereafter in groups of 5, at 1 cycle per minute, with an interval
between groupq that is agreeable to the.stibmitter and the testing agency.
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Figure 7.1.5.1
Endurance test connection diagrams
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A — 1-Pole

B — 1-Pole “Testgd in Pairs” (also represents,2-Pole independent-trip type circuit breaker)

C — 2-Pole Comnpon-Trip “slant” (120/240,"125/250 V) Rating

D — 2-Pole Comnfion-Trip Rating-other than C

E — 3-Pole

F — 3-Pole wye-cpnnected system ratings

G — 2-Pole Common-Trip for 3-Phase Rating

H — 4-Pole wye-connected system ratings

N — Neutral

Z — Load Impedance

f — 30 A “ground” Fuse — Enclosure
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7.1.6 Calibration Test

7.1.6.1 The 200-percent and the 135-percent calibration tests at 25°C (77°F) in 7.1.2.2 and 7.1.2.3 shall
be conducted following the endurance test, except that the 135-percent calibration test may be omitted
for solid-state trip breakers having a frame size of 226 A or greater.

7.1.6.2 The 135-percent calibration test at 40°C (104°F) in 7.1.2.3 shall be conducted following the
endurance test on an ambient compensated circuit breaker with the circuit breaker at ambient
temperature, without pre-heating by carrying rated current. This test shall be permitted to be omitted if the
compensation of the circuit breaker is not considered to be affected by the overload and endurance tests.

7.1.7 Interrupting Test

7.1.7.1 Acirc

7.1.7.10. Thele shall be no electrical or mechanical breakdown of the device, and_the fus

7.1.1.27 shall
There shall b
operation, the

7.1.7.2 The ¢
any position, 1
diameter can
contacts.

7.1.7.3 Exceq
operations ind
current indica
circuit on the

closing, and ¢

the common ¢r 3-phase operation may be conducted first if “O” —

maintained.

Lit breaker shall perform successfully when operated under conditions indicat

hot have opened. Cotton indicators as indicated in 7.1.7.11 and 7.1.7,13/shall
e no damage to the insulation on conductors used to wire the,device.
circuit breaker shall have continuity in the closed position at rated voltage.

btton indicator mentioned in 7.1.7.11 shall be permitted to<b& omitted, if, with
here is no opening around the handle through which a music wire 0.25 mm
be inserted in a straight line to where it intersects any straight line connecting

t as permitted by 7.1.7.5, a circuit breaker_shall be subjected to the numb
icated in Table 7.1.7.1 when connected_as‘shown in Figure 7.1.7.1 and shg
ed in Table 7.1.7.3. Successive operations shall be conducted by alternate
ircuit breaker (“O” operation) by means of any appropriate switching device,
osing the circuit breaker on the circuit ("CO” operation). At the option of the
”"CO” — "Q” alternate

ed in 7.1.7.3 —
be specified in
not be ignited.
After the final

the handle in
0.010 inch) in
the separating

br and type of
Il interrupt the
ly closing the
using random
manufacturer,
bperations are
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Figure 7.1.7.1
Interrupting test connection diagrams
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N — Neutral

Z — Limiting Impedance

F — 30 A “ground” Fuse — Enclosure
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Table 7.1.7.1
Interrupting test operations?

Poles Frame Circuit breaker Letters indicate diagram in Figure 7.1.7.1 Total
rating AC voltage rating Operations on each pole | Common operations number of
operations
O CO O O CO O
1 All 120, 127, 208, 240, 277, 347, A A A - - - 3

480, 600, 650, 690, or 700 to
1000 in 50V increments

1 All 120/240 (tested in pairs) - - - B B B 3

240, 480, 600, 1000 or any
delta connected system rating
2 All between 600V and 1000V. E E - D - 3 5

2 Al 120/240 - - - C 9] C 3

208Y/120, 480Y/277, 600Y/347
or any wye connected system
rating between 600V and

2 0—-1200 A |1000V. L L - C - - 5

2 Al 10 — 30 E E - H - - 5

240, 480, 600, 1000 or any
delta connected system rating
3 0—- 1200 A | between 600V and 1000V. G G - F - - 7

240, 480, 600, 1000 or any
delta connected system rating
3 1200|- Up between 600V and 1000): G G - F - - 7

3 Al 120/240 - - - J J J 3

208Y/120, 480Y/277, 600Y/347
or any wye jconnected system
rating between 600V and

3 Al 1000V- K K - - - 7

208Y/120, 480Y/277, 600Y/
347, or any wye connected

system rating between 600V
4 All and 1000V. K K - M - — 7

a For the 125/250 V dc rating, the number of operations is the same as for the 120/240 V ac rating. For the 250 V dc rating, the
number of operations is the same as for the 240 V ac rating.

7.1.7.4 Except as permitted by 7.1.7.5, a dc circuit breaker with poles intended to be wired in series shall
be subjected to the number and type of operations indicated in Table 7.1.7.2 when connected as shown
in Figure 7.1.7.2 and shall interrupt the current indicated in Table 7.1.7.3. The tests shall be conducted in
accordance with 7.1.7.3.
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Table 7.1.7.2
Interupting test operations

Poles in Intended Intended Letters indicate diagram in Figure 7.1.7.2 Total number
series configuration | system Operations on each pole Common of operations
operations
o} CcO o} CO

1 A Grounded or A A A 3

ungrounded
2 B Slash rated, A A - B 5

grounded, or

ungrounded
2,34 C Grounded or | C C C 3

ungrounded
2,34 D Ungrounded | D D D 3

Figure 7.1.7.2
DC rated circuit breakers interrupting test connection diagrams
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7.1.7.5 For the Y Test Sequence, the number and type of operations, and the test current shall be as
indicated in Table 7.1.7.4.

7.1.7.6 A circuit breaker with a short-time delay element shall additionally be evaluated by the tests in
7.1.7.6. The tests shall be conducted at both the maximum short-time pickup setting and maximum
short-time delay setting. For these tests, the instantaneous element shall not operate to trip the circuit
breaker. If the maximum short-time pickup setting and maximum short-time delay setting do not occur
together, so that it is necessary to conduct separate tests for each setting, separate samples shall be
permitted to be used for each test.
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7.1.7.7 The test shall be a 3-phase, “O” and "CO” test conducted at rated voltage and a current between
100 and 120 percent of the current for the short-time pickup setting. The circuit breaker shall trip within
the manufacturer’s time band for the pickup setting.

7.1.7.8 When a circuit breaker is tested in accordance with note a of Table 7.1.7.3, the same sample —
or at the option of the manufacturer an additional sample — shall be subjected to an additional test at any
convenient voltage. The circuit breaker's delayed tripping element shall be set to the maximum delay
position. The circuit breaker shall carry, and trip, a current equal to that required for the single-pole short
circuit test. The test shall be performed once as a type “O” operation and repeated as a type “CO”
operation.

7.1.7.9 With regard to Figure 7.1.7.1, during the common operation when using alternating current, the

location of thg-fase-connection—referred-totr—7-1+27shaltbeto-that-side-of-the-supptytegst likely to arc
to grounded metal and not necessarily as shown.
7.1.7.10 The [time interval between the interrupting operations of a circuit breakerishall pe 2 minutes,
except that the time interval may be extended to whatever is necessary to allow-the circuit| breaker to be
reset, but not jmore than 1 hour.
Table 7.1.7.3
Available current in test circuits
RMS symmetrical‘or DC amperes
1 pole 2 pole 3 pole|

Frame rating Individual® Common Individual® Common

100 A maximum 5,000 5,000 5,000 4,330b-cd 5,000

250 V maximum

100 A maximum 10,000 10,000 10,000 8,6600:¢ 10,000

251 — 1500

101 - 800 A 10,000 10,000 10,000 8,6600:¢4 10,000

801 — 1200 A 14,000 14,000 14,000 12,1200.¢d 14,000

1201 - 1600 A - 14,000 20,000 14,000 20,000

1601 — 2000 A - 14,000 25,000 14,000 25,000

2001 — 2500 A - 20,000 30,000 20,000 30,000

2501 — 3000 A - 25,000 35,000 25,000 35,000

3001 — 4000 A - 30,000 45,000 30,000 45,000

4001 — 5000 A - 40,000 60,000 40,000 60,000

5001 — 6000 A - 50,000 70,000 50,000 70,000

Table 7.1.7.3 Continued on Next Page
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Table 7.1.7.3 Continued

RMS symmetrical or DC amperes
1 pole 2 pole 3 pole
Frame rating Individual® | Common Individual? | Common

a At the option of the manufacturer, the adjustable response of a circuit breaker that incorporates a delayed-tripping element
may be adjusted to less than the maximum position for the individual pole tests.

b This value is the current available when using two legs of the 3-phase circuit indicated under “Common.”
¢ For dc ratings, the current indicated under “Common” shall be used for individual pole operation.
d The current indicated for 2-pole under the “Individual” column shall be used for either of the following:

1) Circuit breakers marked with 208Y/120 V, 480Y/277 V, 600Y/347 V ratings, or other wye-connected system rating;
or

2) 3-pgole circuit breakers marked in accordance with 9.1.1.24.
Table 7.1.7.4
Available current in test circuit?
RMS symmetrical 6r,DC amperes
1-pole 2-, 3-, and 4-pple
fframe rating Common

100 A maximIm,

250 V maximym 1500 1500
100 A maximyim,

251 — 1500 V|maximum 3000 3000
101 - 225 A 3000 3000
226 — 400 A 5000 5000
401 - 600 A 6000 6000
601 — 800 A 10,000 10,000
801 — 1200 A 14,000 14,000
1201 — 1600 A - 20,000
1601 — 2000 A - 25,000
2001 — 2500 A - 30,000
2501 — 3000 A - 35,000
3001 — 4000 A - 45,000
4001 — 5000 A = 66,066
5001 — 6000 A - 70,000
2 Sequence of operations shall be O-t-CO, where t is a minimum of 2 minutes and a maximum of 1 hour.

7.1.7.11 A cotton pad at least 12.7 mm (1/2 inch) thick, and having a length and width 4 times the handle
opening but not less than 76.2 mm (3 inches) in either dimension shall be centered and placed 12.7 mm
(1/2 inch) from the end of the circuit breaker handle (see 7.1.7.2). If a handle extension longer than 25.4
mm (1 inch) is used, the cotton pad shall be firmly supported and anchored to the extension as shown in
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Figure 7.1.7.3. The cotton pad may be supported on either a solid surface or on 12.7 mm (1/2 inch) mesh
hardware cloth. A small opening shall be permitted in a cotton pad to pass a plunger to operate a
push-type circuit breaker.

Figure 7.1.7.3
Location of cotton pad for interrupting ability test

7.1.7.12 The

7.1.7.13 A cin
cotton pad in
completely co

7.1.7.14 The
the leads for
need to be ad

12.7 mm 12.7 mm
(1/21in) / (1/21in)
COTTONTEST COTTONTEST
PAD PAD
\\
SUPPORT
EXTENSION HANDLE
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cotton used shall be sufgical cotton, such as is commonly used for medical |

Hicator at least-12.7 mm (1/2 inch) thick shall be attached to the outside
ver any louvers;or other openings to determine compliance with 18.4.2.

ine terminals shall be connected to a supply circuit as indicated in 7.1.7.21 S
both fine and load connections shall be as indicated in 7.1.7.16. Any imped
jed\te’ limit the current shall be connected in the circuit on the line side of the ¢

Valtaoan Af tha crininhy Ateariit alall Iha At Inco thanm 410N AAraant Ay maara i A

The open-circtit

purposes.

cuit breaker intended for use in a ventilated enclosure shall be tested in thaft enclosure. A

of and shall

7.1.7.25, and
hnce that may
ircuit breaker.

T vV UMy T UT T SUpPpPTy CTurt oo T TToTIo oo thial T ToU PUTOTTIT O THoT ot

n 105 percent

of the rated voltage of the circuit breaker, except that a higher voltage may be used if agreeable to the

submitter and

the testing agency.

7.1.7.15 With regard to the requirement in 7.1.7.14, the limiting impedance added in the test circuit may
be divided appropriately between the supply lines. The grounding connection for the frame, enclosure, or

both, of the ci

rcuit breaker shall be made on the load side of the added impedance.
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7.1.7.16 Each circuit breaker shall be subjected to all the operations of the interrupting test, without
replacement of any lead during the test. All leads shall consist of Type TW, TW75, RW75, THW, or THWN
copper wires of the size indicated in Table 6.1.4.2.1 corresponding to the current rating (In) and markings
of the circuit breaker, except as noted in 7.1.7.17, the leads for tests on 277 V, 347 V, 480 V, and 600 V
or greater circuit breakers rated 15 A or less shall be permitted to be 12 AWG (3.3 mm?). For a circuit
breaker rated 125 A or less, the 60°C (140°F) wire shall be used except as required by 7.1.7.17. A circuit
breaker rated 1600 A or more shall be permitted to be tested with copper bus bars having a cross-section
not less than indicated in Table 7.1.4.1.3. Line terminal leads shall be not more than 1.219 m (4 feet) in
length. Load terminal leads shall be not more than 254 mm (10 inches) in length per terminal for multipole
operation, and not more than 1.219 m (4 feet) in length for single-pole operations. However, for 600 A
frame size and larger, leads of any AWG size not more than 1.219 m (4 feet) in length and that were
included in the calibration circuit shall be permitted as load leads for multipole operation and as extension
leads for sing ++35

] 3 l Al ball L ol ol bacl i
MPUIC UPTTAUUTT. LUAUo ofidilh YO TUULTU do UTOoUTTUTU 1T 7. T.9.J.

7.1.7.17 For {
and marked
7.1.11.4.1.1.

71718 If a
connections f

combined length of the bus bars and the wires as indicated in 7.1.7¢16:

7.1.7.19 Acir

(plug-in type)
test leads as

7.1.7.20 If a

located on intg¢gral or separable parts that extend.from the circuit breaker housing, the conn

interrupting te

as indicated i 7.1.7.14.

7.1.7.21 A cin
the circuit bre

the nearest arcing point.

7.1.7.22 The
A or less and

7.1.7.23 The
the rated volt

| circuit breaker rated 100 A or less that is not marked for use with wire Sizes @
or use with 75°C (167°F) wire only, 75°C wire shall be used..See no

circuit breaker rated less than 1600 A has terminals that havé no provisio
b those terminals for the interrupting test shall be as ‘indicated in 7.1.4

Cuit breaker that has specially formed terminals intended only for connection t
hall be connected for the test as indicated in 7.4:4.1.19 or 7.1.4.1.22 with th
ndicated in 7.1.7.14.

Circuit breaker is constructed so that the points where wires or bus bars are
5t shall be made to the intended peoints on these extension members with lea

cuit breaker intended for-us€ on a dc system, see 7.1.1.7, shall be tested wi
hker connected so that the frame and enclosure will be positive in potential

fime constant &f the test circuit shall not be less than 0.003 seconds for curr
0.008 seconds for currents greater than 10,000 A.

DC open/circuit voltage of the circuit shall not be less than 100% nor more
hge\of+the unit under test, except that a higher voltage may be used if ag

f 1/0 or larger,
e a of Table

n for wire the
1.18 with the

D mating parts
b length of the

b attached are
ections for the
s or bus bars

th dc and with
with regard to

ents of 10,000

than 105% of
reeable to the

submitter and

the)testing agency.

7.1.7.24 A circuit breaker intended for use on an ac system only shall be tested with essentially sinusoidal
ac at rated frequency (as specified in 7.1.1.15). The power factor of the test circuit with required current
flowing shall be as tabulated in Table 7.1.7.5, except that a lower power factor may be used if agreeable
to the submitter and the testing agency. Reactive components of the impedance in the line shall be of the
air core type and may be paralleled. No reactance shall be connected in parallel with resistances, except
that an air-core reactor(s) in any phase shall be permitted to be shunted by resistance, the volt-ampere
loss of which is approximately 0.6 percent of the reactive volt-amperes in the air-core reactor(s) in that
phase. The shunting resistance (R) used with an air-core reactor having negligible resistance shall be
calculated from the formula:
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R = 167

~Im

in which:
E is the voltage across the air-core reactor with current; and

I is the current flowing as determined by oscillographic measurement during the short-circuit
calibrgtion, or, by proportion, from meter measurements at some lower current.

7.1.7.25 Osgillograph recordings, or an equivalent method, shall be used do~det¢rmine circuit
characteristic§. See Annex C.

Table 7.1.7.5
Power factor of test circuits

Test circuit in amperes Power-factor
10,000 or less 0445+ 0.50

10,001 — 20,000 0.25 -0.30

Over 20,000 0.15-10.20

7.1.7.26 If a dc circuit breaker is intended to be_wired in series but two of the poles are copnected to the
load and the| breaker complies with a) through d) below, interrupting tests shall be|conducted in
accordance wjth 7.1.7.27:

a) Is p multi-pole type;

b) Is marked for 2 or mere poles to be wired in series;

c) Is marked for use-in a grounded system; and

d) Rgquires a direct connection to both the grounded and ungrounded circuit conductors.
7.1.7.27 The pircuit breaker shall be wired to both the grounded and ungrounded circuit cgnductor of the
test station withrthefewest mumberof potes-intendedtobeconmected-imseries imaccordance with the
circuit breaker instructions. The normal load side terminal(s)/pole(s) intended to be connected to the

grounded circuit conductor shall not be used, and instead the load side of the positive terminal(s)/pole(s)
shall be connected directly to the grounded terminal of the test station.
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7.1.8 Trip-out at 200 Percent Current Test

7.1.8.1 Following the interrupting ability test, a circuit breaker shall be capable of operating automatically,
when carrying 200 percent of its rated current, within the time limits given in Table 7.1.2.2.1 when tested
as indicated in 7.1.2.2. No minimum tripping time is specified for circuit breakers of the time-delay type.

7.1.9 Dielectric Voltage-Withstand Test

7.1.9.1 A circuit breaker shall be capable of withstanding for 1 minute without breakdown the application
of a 48 — 62 Hz essentially sinusoidal potential of 1000 V plus twice the voltage that is to be applied
between the parts in question, when the breaker is connected in accordance with its maximum voltage
rating:

a) B
off po
test v
to pha

btween line and load terminals with the breaker open — with the breaker in-th
Sitions. The test voltages shall be based on the voltage rating of the cifcuit b
bltage for a circuit breaker rated for a wye-connected system shall be based
se voltage;

e tripped and
reaker. The
on the phase

b) B
based
a wye

btween terminals of opposite polarity with the breaker closed\The test voltag
on the voltage rating of the circuit breaker. The test voltagefor a circuit bre
-connected system shall be based on the phase-to-phase’voltage; and

es shall be
hker rated for

c) Begtween live parts and the overall enclosure, as described in 7.1.1.25, with thg breaker both
open And closed. The test voltage for a circuit breaker.rated for a wye connected $ystem shall
be baped on the phase-to-neutral voltage.

7.1.9.2 The te¢st potential shall be 1000 V plus twice the voltage rating that is to be applie
parts in questfon, when the circuit breaker is connected in accordance with its maximum v

0 between the
bltage rating.

7.1.9.3 To de
using a 500

termine if a circuit breaker complies with the requirement of 7.1.9.1, the test
A or larger transformer, theteutput voltage of which can be varied. Startin

shall be made
g at zero, the

applied poten
increase in th
correctly indi

ial shall be increased to-the required test value and held at that value for
applied potential shall be’at a uniform rate and as rapid as is consistent with

c
voltage is me}sured directly.

ted by a voltmeter. The transformer shall be permitted to be less than 500 V

1 minute. The
ts value being
A if the output
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7.1.10 Miscellaneous Tests
7.1.10.1 Mechanical tests

7.1.10.1.1 There shall be no breakage or damage of any part of the circuit breaker when 110 percent of
the marked terminal tightening torque is applied to the wire securing means of the wire connector,
securing the specified size of conductor. The value of the tightening torque shall be based on the wire size
required for the ampere rating of the circuit breaker. If a circuit breaker frame uses different wire
connectors; that is, one type connector for 15 — 40 A ratings and another type connector for 41 — 100 A
ratings, the construction for each wire connector shall be investigated.

7.1.10.1.2 In order to determine compliance with the provisions of 6.1.4.3.3, each terminal lead shall
withstand a t to-8-N-H26-b) for 5 minutes.

ol
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7.1.10.2 Barrier and liner test

7.1.10.2.1 A barrier or liner less than 0.71 mm (0.028 inch) thick used in accordanee with §.1.6.1.11 shall

be subjected
inch) thick us
potential. The

7.1.10.2.2 Th
potential shal
second. The 1

7.1.10.3 Conf
7.1.10.3.1 Th
spacings as 9
7.1.10.4 Pow
7.1.10.4.1 Th

6.1.6.3.2 and
temperature, §

connected to & variable-resistance load with other loads disconnected. If a fixed series impe

upon to limit t
transformer sh
and shall be
winding shall

o the application of a 5000 V, 60 Hz potential. A barrier or linerdess than 0.
bd in accordance with 6.1.6.1.11 shall be subjected to the application of a 3
test potentials shall be applied as indicated in 7.1.10.2.2.

b barrier or liner material shall be placed betweenctwo flat metal electrodes
be increased to the test value. The maximum<&test potential shall be mg
psults are acceptable if there is no electrical breakdown.

ormal coating

a)
-

acceptability of a conformal coating used on a printed wiring board hal

br level determination test
e maximum VA output capacity of the secondary winding of a transformer, as
6.1.6.3.3, shall bé determined as follows. The primary winding of the transfg
hall be connected as intended in the device and the secondary winding in qu

e outputithat impedance shall be included in the circuit during the test. A m

33 mm (0.013
500 V, 60 Hz

, and the test
intained for 1

ving electrical

pecified in Table 6.1.6.2.1 shall be' determined in accordance with the requirements for
conformal codting in Annex B, Ref. No. 12.

referred to in
rmer, at room
pstion shall be
Hance is relied
ultiple-winding

all have-ene secondary winding tested with all the other secondary windings
hllowed to cool to room temperature again before another winding is test
pe_connected to a source of rated voltage. The load on the secondary sh

pen-circuited,

ej. The primary
I

| be varied in

approximately ten increments from open-circuit to short-circuit conditions in 2-1/2 minutes. For each step
of increment in the resistance, the product of the output voltage and current shall be recorded, plotted,
and drawn as a smooth curve. The peak value obtained from this graph shall not exceed 250 VA and, if
two or more secondary windings supply interconnected circuits, the sum of the outputs of the windings in
question shall not exceed 250 VA.
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7.1.11 High Available Fault Current Test Sequence
7.1.11.1 General

7.1.11.1.1 These requirements specify the additional performance requirements with which circuit
breakers shall comply if they are to be acceptable with an interrupting rating greater than indicated in
Table 7.1.7.3 for the rating of the circuit breaker (common columns for 2- or 3-pole). For current-limiting
circuit breakers see Current-Limiting Circuit Breakers, Section 7.2.

7.1.11.1.2 Samples as described in Table 7.1.11.1.1 shall be of a type that complies with the performance
requirements for use on limited available fault current circuits. Each sample shall be subjected to the
calibration, interrupting, trip-out, and dielectric voltage-withstand tests in the order named unless
otherwise spegified-

7.1.11.1.3 Iff 2- and 3-pole circuit breakers are of identical construction dnd hpve identical

current-interrupting ratings, only the 3-pole circuit breakers shall be tested.

7.1.11.1.4 Where the interrupting rating at a given voltage is the same for all current rg
frame, samplgs shall be selected as indicated in Table 7.1.11.1.1. In frames\where the intg
is not the samg for all current ratings (1,,), consideration shall be given to ‘determine whether
and maximun ratings of each group of interrupting ratings are to be tested.

7.1.11.1.5 If the marked rating of a circuit breaker includes both alternating and direct cu

tings (I,,) of a
rrupting rating
both minimum

rrent, or if the

marked rating| does not exclude one or the other, the acceptability of the circuit breaker for both ratings

en wires are used to connect a circuit_breaker for test, the tightening torque
circuit breakel terminals shall not exceed the valuezmarked on the circuit breaker.
7.1.111.7 Fo
at the maximy

I a circuit breaker with adjustable’settings, the test shall be conducted with th
m setting.

7.1.11.1.8 For those circuit breakers ‘that also incorporate equipment ground fault, GFC
functions and are tested for a_high capacity interrupting rating(s), the calibration of
functionality shall be conductédyafter the circuit breaker calibration and trip-out tests.

function(s) shall be tested in‘accordance with the following as applicable:

FCI — Settion 7.4.2.2.

uipment Ground Fault Protection — 7.5.2.2.

applied to the

e adjustments

, and/or AFCI
the additional

The additional

Cl — Operate the test circuit referenced in Annex B, Ref. No. 24.
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7.1.11.2 Calibration test

7.1.11.2.1 The calibration test at 200 percent of rated current shall be made as described in 7.1.2.2.
7.1.11.8 Other functionality calibration test

7.1.11.3.1 Calibration of the additional functionality shall be conducted as required in 7.1.11.1.8.
7.1.11.4 Interrupting test

7.1.11.4.1 General

7.1.11.4.1.1 Llll\.lult blUCllr\Ul oha” PUIfUIIII auucptab:y UIIdUI thc VUIT |d|t|u| o |||d|uatcd ;II 7.1.11.4.1.2 -
7.1.11.4.1.16.

7.1.11.4.1.2 The standard interrupting rating currents are limited to those shown_in Table 8.1.
7.1.11.4.1.3 Three-pole circuit breakers shall be tested on a 3-phase circuit with all load terminals short
circuited.

7.1.11.4.1.4 Two-pole circuit breakers shall be tested on a single-phase circuit with the Joad terminals
short circuited. An additional two-pole sample shall be tested on & 8*phase circuit if the cirguit breaker is
marked “1g - Bo”.

7.1.11.4.1.5 All impedance shall be connected on the line side of the circuit breaker test terminals, except

that low impe
shunts are us
common conn
if there is no ¢

7.1.11.41.6 1
in accordance

Jance metering shunts shall be permitted10-be connected to the load termi
bd and one is connected on the load side; the outer shell of a single (coaxial
ection of the outer shells, if more thapr,one shunt is used, shall be permitted t
ther ground on the circuit.

he connection of any limitingtimpedance and the value of any shunting resig
with the requirements of 7:1.7.24.

Table 7.1.11.1.1
Samples required

nals. If coaxial
shunt, or the
b be grounded

tance shall be

Sample Total Interrupting Numier of
number of current samples
samples (Ic)
required?
Max. current rating 3 Max IC 1F
of frame Tatimg™
- - IC at max. 1¢
voltage
rating
- - IC at max. 1
kVA ratings?
Intermediate current e,f e
rating of frame

Table 7.1.11.1.1 Continued on Next Page
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Table 7.1.11.1.1 Continued

Sample Total Interrupting Number of
number of current samples
samples (lc)
required?
Min. current rating 1fe Max. IC 1°
of frame rating

2 The same sample may be used for more than one test if agreeable to the submitter and the testing agency.
b If maximum IC rating applies at maximum voltage rating, only one sample is required.
¢ One extra sample is required for the interrupting test under “Bus Bar Conditions” when the maximum rating of the frame or
group tested is 100 amperes or less.
d May be omitted if maximum kilovolt-amperes occurs at the maximum voltage. If the maximum kilovolt-amperes occurs at

kilovolt-amperg rating.

bar conditions|

corresponding |ac rating.

more than onef voltage, neither of which Is the maximum voltage, the test shall be conducted at the highest.vojtage for the

€ Intermediate [current ratings (I,) of interchangeable trip unit frames are not required for testing with Jeads. Intermediate
current ratings|(l,) of noninterchangeable trip unit frames may be subjected to test if differences in.congtruction are
considered to gappreciably affect the test performance. For 100 amperes and less frame sizes, where changes|are made to
braids, or contpcts samples representing the maximum rating of each construction shall be selegted for testind under bus

f Not required for dc tests if the circuit breaker already has an ac rating, and the dc rating.does not exceed the

7.1.11.4.1.7 A circuit breaker shall be tested in the smallest enclpsure (box and cover)|in which it is
intended to b¢ used. Openings shall be permitted in the enclosdre if the combined area ¢f all openings
does not excqged 10 percent of the total external enclosure atea and if no opening is dire¢tly opposite a
vent in the cirguit breaker case. A nonconducting enclosure 'shall be used if the circuit breaker is marked
as precluding|use in a metallic enclosure.

7.1.11.4.1.8 The test leads shall be sized as indicated in Table 7.1.11.4.1.1. The line terminpl connections
shall be not more than 1.219 m (4 feet) in length except that a greater length shall be permitted if the

excess over 1,219 m (4 feet) per terminal is ‘in-the circuit during the test circuit calibration.

Table 7.1.11.4.1.1

Test leads
Mannet Ampacity Ampere rating Size of copper test legds®®
tested relative to frame or Line Load¢
group within frame
100 A Maximum Rated Wire Rpated Wire
Tes.,ttsd and above Minimum Rated Wire Rpted Wire
I;Vallds Less than Maximum Rated Wire Rated Wired
100 A Minimum Rated Wire® Rated Wire®
Tested T00 A Maximum TAWG' Rated Wire
under and less Minimum (42.4 mm3) (2 and 3 pole)
“Bus bar 1 AWG
Conditions” (42.4 mm?)
(1 pole)f

a “Rated Wire” refers to size as specified in Table 6.1.4.2.1. For a circuit breaker rated 100 A or less or that is not marked for
use with wire sizes of 1/0 or larger, the 60°C (140°F) wire shall be used, except that if the circuit breaker is marked ”"75°C”,
75°C (167°F) wire shall be used.
b Circuit breakers of frame sizes rated 1600 A or more may be tested with bus bars of a size shown in Table 7.1.4.1.3.

¢ A copper bus bar may be substituted for the load leads if the ampacity is equal to or greater than the required lead ampacity.
dSee 7.1.11.4.1.9 and 7.1.11.4.1.10.
€ For circuit breakers rated 15 A at 277, 347, 480, or 600 V: 12 AWG (3.3 mm?) wire shall be permitted to be used instead of
14 AWG (2.1 mm?) wire.

Table 7.1.11.4.1.1 Continued on Next Page
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Table 7.1.11.4.1.1 Continued

Manner Ampacity Ampere rating Size of copper test leads®P
tested relative to frame or Line Load¢
group within frame
fSee 7.1.11.4.1.11 and 7.1.11.4.1.12.

7.1.11.4.1.9 For multipole circuit breakers and for pairs of single-pole circuit breakers, the load terminals
of the circuit breaker shall be connected together with 254 mm (10 inch) test leads (per pole) brought to

a common po

int, or brought to a shorting bar of adequate current-carrying capacity.

7.1.11.4.1.10 When testing a single-pole circuit breaker, the load side test lead shall be not more than

1.219 m (4 fe

'r) Inng nvr\npf that if the circuit breaker ra'fing isless than 100 A _and.isthem

ximum of the

frame or test
connected to

71.11.4.1.11
tested additio
terminals of s
shall be conn
leads, 1 AWQ
terminals.

71114112
rated wire siz
connected to
to the rated w

7.1.11.4.1.183
together outs
interrupting te
equal number|
as the use of
different bush

7.1.11.4.1.14
lead least like
system. The ¢
(5.3 mm?) cog

proup within the frame, the rated size wire shall be 254 mm (10 inches), lon
he load supply terminal by 1.219 m (4 feet) of 1 AWG (42.4 mm?) copperw

Except as permitted by 7.1.11.4.1.12, a circuit breaker that is rated100 A an

ngle and multipole circuit breakers, and the load terminals0f,single pole ¢
bcted with a 254 mm (10 inch) long lead of rated wire size:~To the ends of
(42.4 mm?) leads, each 1.219 m (4 feet) long, shall b&joined for connect

If agreeable to the submitter and the testing agency, the 254 mm (10 inch
e may be omitted if the circuit breaker is connected to a copper bus bar
he 1 AWG (42.4 mm?) leads. The bus barShall have a cross-section greatef
re and shall be not longer than 254 mm ¢10 inches).

The leads shall enter the test enclosure through a bushed hole, and sh
de of the enclosure to the extént necessary to prevent appreciable moti
s5t. Where parallel conductorslare used, more than one bushed opening mayj

conduit, shall be permitted. Line and load conductors shall be permitted to
bd openings.

The test enclosure shall be connected through a fuse as indicated in 7.1.1
y to arc to the enclosure, or the neutral, if the circuit breakers are rated for a
onnection/shall be made to the load side of the limiting impedance by mea
per wire_not more than 1.829 m (6 feet) in length.

71.11.41.15

For) tests with leads, the circuit shall be closed on the circuit breaker b

hally under “bus bar conditions.” See Table 7.1.11.4.1.1 for ratings to be te

j and shall be
re.

0 less shall be
sted. The line
rcuit breakers
each of these
on to the test

) long lead of
hat is directly
than or equal

all be lashed
on during the
be used if an

of conductors from each.phiase are run through each opening or equivalent methods, such

enter through

27 to the line
ye-connected
ns of 10 AWG

means of a

switching device, using random closing. Afier a Z-minute interval, or the fimé necessary 1o allow the circuit
breaker to reset, but no more than 1 hour, the circuit breaker shall be closed on the circuit.

7.1.11.4.1.16 For tests under “bus bar conditions” the test circuit shall be closed on the circuit breaker

using random

closing. No other operation is required. See also 7.1.11.4.1.11.
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7.1.11.4.2 Circuit characteristics

7.1.11.4.2.1 The prospective current shall be determined as described in Annex C with the test-circuit
terminals connected together by a conductor of negligible impedance.

7.1.11.4.2.2 The currents determined as in 7.1.11.4.2.1 shall be not less than the intended interrupting
rating involved.

7.1.11.4.2.3 The open circuit voltage shall be not less than 100 percent nor more than 105 percent of the
rated voltage for the test being conducted, except that a higher voltage may be used if agreeable to the

submitter and

7111424

with 7.1.7.23 &

7.1.11.4.25 1
as described

7.1.11.4.2.6 A
with the circui
to the nearest

7111427 1
10,000 A or |g

7111428 1
of the rated v
submitter and

7.1.11.4.2.9
characteristic

7.1.11.5 Trip-

7.1.11.5.1 Th

the test current shall be 250 ‘percent of rated current.

711152 Ift
be immediate

the testing agency.

n Annex C.

circuit breaker intended for use on a dc system, see 7.1.1°/;/Shall be testsg
breaker connected so that the frame and enclosure will be positive in potent
arcing point.

he time constant of the test circuit shall not be‘less than 0.003 seconds 1
ss and 0.008 seconds for currents greater than~10,000 A.

he DC open circuit voltage of the circuitsshall not be less than 100% nor mg
bltage of the unit under test, except that a higher voltage may be used if ag
the testing agency.

Dscillograph recordings, or an‘.equivalent method, shall be used to det
. See Annex C.

put test
b trip-out test following the interrupting test shall be made as described in 7.1

ne pole under test does not trip within the time indicated in Table 7.1.2.2.1, th
y increased to 400 percent of rated current under which condition the pole u

trip within 2

T,d

percent test shall’be made on only one pole of the multipole circuit breaker.

ditional minutes. When a multipole circuit breaker is being tested, this

in accordance

he characteristics of ac circuits and dc circuits recovery voltage and ac‘decr¢ment shall be

d with dc and
jal with regard

or currents of

re than 105%
reeable to the

Brmine circuit

.8 except that

e current shall
nder test shall
hdditional 400

7.1.11.5.3 The trip-out test shall not be required for those circuit breaker samples tested under the "bus
bar conditions” of Table 7.1.11.4.1.1 that are not capable of reestablishing continuity.
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7.1.11.6 Other functionality calibration test

7.1.11.6.1 Calibration of the additional functionality shall be conducted as required in 7.1.11.1.8.

7.1.11.7 Dielectric voltage-withstand test

7.1.11.7.1 A circuit breaker shall be capable of withstanding for 1 minute without breakdown the

application of

a)

a 48 — 62 Hz essentially sinusoidal potential:

breaker in the tripped and off positions;

V, the test po
less than 150
system.

7.1.11.7.3 Fo
not be possib

Between line and load terminals with the circuit breaker open — that is, with the circuit

and closed.

ltage rating at

rrupting test was conducted but not less than 900 V. For circuit'\breakers greater than 600

ential shall be twice the voltage rating at which the interrupting/test was con
percent of rated voltage. Also, see 7.1.9 for circuit breakers rated for a v

r samples that have been subjected to the interrupting test under bus bar co
e to relatch and close the sample as required-for the test of 7.1.11.7.1 and

such cases, te¢sts shall be made only under those conditionspossible. An opposite polarity

line terminals

7.1.11.7.4 To

shall be made in any case.

determine if a circuit breaker complies with the requirements in 7.1.11.7.1, th

conducted in accordance with 7.1.9.3.

7.1.11.8 Inter

7.1.11.8.1 Du
the conditions

711182 T
|

a) In

b) Ing

bretation of results

ring performance testingfor interrupting ratings, 7.1.11.1 = 7.1.11.7, test resul
described in 7.1.11.8.2 and 7.1.11.8.3.

pe A” performance results include the following:
pbility of-the-circuit breaker under test to clear the test circuit;

bility of a multipole common-trip circuit breaker to open all poles during the

test;

fucted but not
ye-connected

nditions it may
71.11.7.2. In
test between

e test shall be

Is may include

nterrupting

c) Breakage of or holes in the circuit breaker case. See 7.1.11.8.5;

d) Welding of contacts;

e)
f)
9)

h) Di

Ground fuse clearing;

electric voltage-withstand test breakdown;

Ejection of wire from the wire connector or burn off of leads during the interrupting test;

Inability of more than one pole of a multipole circuit breaker to trip during the trip-out test;
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i) Inability of a multi-pole circuit breaker that includes a common - trip element to open all poles
upon the tripping of any pole being tested during the trip-out test;

i) Inability of circuit breakers with additional functionality to trip when tested in accordance with

7.1.11

k) Ot

.1.8; and

her types of similar results.

7.1.11.8.3 "Type B” performance results include the following:

B

Burned out shunts;

C

7.1.11.8.4 Th
components d

bar conditiond.

7.1.11.8.5 Ha
deflected out
interrupting te
case is accep
of securing m

7.1.11.8.6 If mo test result is classified’as Type A or Type B, the construction shall be

meeting the tg
7.1.11.8.7 If g
is classified a
program for th

7.1.11.8.8 In

Al 3 Lt ol =N ES
PITTOU Uut VT ialo vt ricatctl o,

bnditions that do not permit relatching or reclosing of the circuit breakef;
pbility of one pole of a 2-, 3-, or 4-pole circuit breaker to trip during;the trip o
hmage to conductor insulation; and
her types of similar results.

b inability to relatch, reclose, or otherwise reestablish’continuity — such as du
r braid — shall be considered acceptable for, circuit breakers which are test

4

N

irline cracks shall be considered acceptable but cracks where a portion
vard or inward are not acceptablez;Any hole or opening in the case ¢
5t operation is not acceptable. A erack that would permit separation of two §
able only if the two sections are.caused to maintain their proper relative pos
Pans, such as mounting bolis;-cover screws, or the like.

st program for the_ rating.
ny test result is_classified as Type A, or if more than one test result in any o

S Type B, theconstruction shall be considered not to meet the requireme
e rating.

ut test;

b to solid state
bd under “bus

pf the case is
pused by the
ections of the
tions because

considered as

ne interruption
hts of the test

the.event of a single test result classified as Type B, a second sample of th

shall be subje

e same rating

cted to the test program. If the second sample performs in the same manner @s the original,

the construction shall not be considered as meeting the test program for the rating. If the performance of
the second sample is classified as Type B, but in a manner different than the original sample, a third
sample shall be tested. If the performance of the third sample is classified as Type B, but in a manner
different than the first or second sample, a fourth sample shall be tested. If the performance of the fourth
sample is classified as Type A or B, the construction shall not be considered as meeting the test program.
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7.2 Current-limiting circuit breakers
7.2.1 General

7.2.1.1 These requirements specify the additional performance criteria that circuit breakers shall comply
with if they are to be identified as current-limiting. A circuit breaker's compliance with these requirements
will, if the interruption and let-through measurements are higher than the prescribed ”“limited available fault
current” levels, be acceptable at a higher interrupting rating than indicated in Table 7.1.7.3, that is, one of
the values given in Table 8.1, without the testing described in 7.1.11. See 8.7.

7.2.1.2 Samples for test shall be as described in Table 7.2.1.1. Each sample shall be subjected to the
calibration, |nterrupt|ng and let- through measurement, tnp -out and dlelectrlc voItage withstand tests, in the
order presentes c f a frame size
is the same. 'Vhen this is not the case, or when supplementary let-through ratlngs are'‘assigned at less
than the maxjmum voltage rating of the circuit breaker, additional samples and testing dre required to

verify the othgr let-through ratings.
7.2.1.3 For ajcircuit breaker with adjustable settings, the test shall be conducted with the adjustments at
the maximum|setting.
Table 7.2.1.1
Samples required®P:¢
Sample Test currents
Maximu:E current Maximum IC Intermediate IThreshold
rating (1) ratingd
of f
Maxijmum IC at maximumde Intermediate® I'hreshold®
current tating (Ip) voltage rating
of frame
Maximurp current IC at maximum Intermediate’ Thresholdf
rating (In kVA rating
of frame
Minimurp current Maximum IC - -
rating (In) ratingd
of frame
Internfediate g g g
currenf rating
of frame
2 One sample of each interrupting current (IC) test value, except that a sample may be used for more than one test if
agreeable to the submitter and the testing agency.
b Additional samples are required for tests at a crossover point between two elements. See 7.2.3.3.
¢ Additional samples are required for a 2-pole breaker rated single-phase and 3-phase. See 7.2.3.4.
d An additional sample is required for “bus bar” conditions, per 7.2.3.7 when the maximum rating of the frame or group
tested is 100 A or less.
€ If maximum IC rating applies at maximum voltage rating, only three samples are required.
f May be omitted if maximum kVA occurs at the maximum voltage. If the maximum kVA occurs at more than one voltage,
neither of which is at the maximum voltage, the test shall be conducted at the highest voltage for the kVA rating.

Table 7.2.1.1 Continued on Next Page
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Table 7.2.1.1 Continued

Sample I Test currents

conditions.

9 Intermediate current ratings (l,) of interchangeable trip unit frames shall not be required for testing with leads. Intermediate
current ratings (l,) of noninterchangeable trip unit frames may be subjected to test if differences in construction are
considered to appreciably affect the test performance. For 100 A and less frame sizes, where changes are made to, braids,
or contacts, samples representing the maximum rating of each construction shall be selected for testing under bus bar

7.2.2 Calibration test

7.2.2.1 The calibration test at 200 percent of rated current shall be made as described in 7.1.2.2.

7.2.3 Interrupting and Let-Through Measurement Test

7.2.3.1 Samp

a) The threshold current minus 20 plus 0 percent, see 8.7;

b) Ohe intermediate current level 10 percent, from Table 7.2.3:; and

c) TH

7.2.3.2 The ifptermediate current level shall be the value in Fable 7.2.3.1 closest to the &

threshold and

es of each circuit breaker type shall interrupt the following prospective eurre

e interrupting rating minus 0 plus 10 percent.

interrupting rating currents.

Table 7:2:3.1
Intermediate test currents — Amperes

hts:

lverage of the

1,500 14,000 50,000
3,000 18,000 65,000
5,000 22,000 100,000
7,500 30,000 125,000
10,000 42,000 150,000

7.2.3.3 Testin
necessary as

g at ‘additional points, if not coincident with any of the levels described in 7
dictated by the construction of the circuit breaker. For example, if the

2.3.1, may be
ircuit breaker

incorporates t

WO elerments withra“crossover“poirt, testng at the crossover poit=witich

nay be below

the threshold current — shall be conducted so the results are obtained with each element functioning.

7.2.3.4 For the interruption test, 3-pole circuit breakers shall be tested on a 3-phase circuit and 2-pole
circuit breakers on a single-phase circuit, both with the load terminals short-circuited. Single-pole circuit
breakers shall be tested on a single-phase circuit. A 2-pole circuit breaker shall also be tested on a
3-phase circuit if the circuit breaker is marked 1¢ - 3@. In the latter case, only the maximum current rating
(I,) of the frame size need be tested.
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7.2.3.5 Each circuit breaker shall be tested at its rated frequency, or if rated with a range of frequencies,
at the highest frequency in the range.

7.2.3.6 Each circuit breaker shall be tested with leads and shall be caused to interrupt the circuit twice.
The first interruption shall be an “O” operation and the second shall be a “CQO” operation. There shall be
a two-minute interval, or the time necessary to allow the circuit breaker to be reset, but not more than one
hour between the operations. For a 3-pole circuit breaker, or a 2-pole circuit breaker tested on a 3-phase
circuit, circuit closing on the “O” operation shall be at random. For a single-pole circuit breaker, or a 2-pole
circuit breaker tested on a single-phase circuit, controlled closing shall be used so as to close at the
closing or contact separation angle (on the voltage wave) that results in greatest I°t let-through.

7.2.3.7 Each circuit breaker type where the maximum rating of the frame or the group tested is 100 A or
less shall be t Hbe-catsed ce, under "0”
operation. Cir

PNH ol =N
CUTTUTUIVTTO AlTTu ol

Cuit closing shall be at random.

ol Al V4™ 1N
POoLlCU UrniucTt YuUuo VAl

o il 3 bl H H'S
WITnCITupt uic virevutt Ul

7.2.3.8 Allim
low-impedanc

pedance shall be connected on the line side of the circuit breaker test terming
e metering shunts shall be permitted to be connected to the load términals. If
are used and pne is connected on the load side, the outer shell of a single (coaxial) shunt, g
connection of [the outer shells, if more than one shunt is used, shall be pernitted to be gro
is no other ground on the circuit.

!

open-circuit voltage shall be not less than_1T00 nor more than 105 percer
circuit breaker for the test being conducted,~except that a higher voltage sha
the submitter and the testing agency.

Is, except that
coaxial shunts
r the common
unded if there

7.2.3.9 The
terminals con

rospective current shall be determined as described in Annex C with the test-circuit
ected together by a conductor of negligible impedance.

7.2.3.10 The
voltage of the
if agreeable tq

t of the rated
| be permitted

7.2.3.11 The
7.1.7.4, exceq
agency. Reac
core type, buf
reactor in any
approximately

cated in Table
nd the testing
ed if of the air

bower factor of the test circuit with-the required current flowing shall be as ind
t that a lower power factor shall.be permitted if agreeable to the submitter g
ive components of the impedance in the line shall be permitted to be paralle
no reactance shall be gonnected in parallel with the resistances, except that an air core
phase shall be permitted to be shunted by resistance, the volt-ampere logs of which is
0.6 percent of the reactive volt-amperes in the air-core reactor in that phasg.

7.2.3.12 Each
it is intended t
does not excs
vent in the cir
as precluding

circuit breakef.shall be mounted in the smallest metallic enclosure (box and g
D be used. @pehings shall be permitted in the enclosure if the combined area
ed 10 percent of the total external enclosure area and if no opening is dire
cuit breaker case. A nonconducting enclosure shall be used if the circuit breg
use.in-a metallic enclosure. See 9.1.1.19.

over) in which
pf all openings
tly opposite a
ker is marked

7.2.3.13 The test leads shall be as indicated in Table 7.2.3.2. The line terminal connections shall be not
more than 1.219 m (4 feet) in length, except that a greater length shall be permitted if the excess over
1.219 m (4 feet) per terminal is in the circuit during the test-circuit calibration.
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Table 7.2.3.2
Test leads
Manner Ampacity Ampere rating Size of copper test leads®?
tested relative to frame or Line Load¢
group within frame
Tested 100 A Maximum Rated wire Rated wire
with and above Minimum Rated wire Rated wire
leads
Less than Maximum Rated wire Rated wired
100 A Minimum Rated wire® Rated wire®
Tested 100 A and less Maximum 1 AWG Rated wire
under Minimum (42.4 mm?) (2 and 3 pole)
"bus bar 1 AWG
condition”] (42.4 mm3)
(1 pole)f

2 "Rated wire” ||
use with wire si

b Circuit breake]
7.1.4.1.3.

¢ A copper bus
ampacity.

d See 7.2.3.14

€ For circuit bre)
instead of 14 A

f See 7.2.3.16.

efers to size as specified in Table 6.1.4.2.1. For a circuit breaker rated 100 A or less or|that is
res of 1/0 or larger, the 60°C (140°F) wire shall be used.

F's of frame size rated 1600 A or more shall be permitted to be tested with bus bars‘of a size sh
bar may be substituted for the load leads if the ampacity is equal to or greater than the require
hnd 7.2.3.15.

hkers rated 15 A at 277, 347, 480, 600 V, or 650 V or more: 12°AWG (3.3 mm?) wire shall be d
VG (2.1 mm?) wire.

hot marked for

jown in Table

lead

ermitted

7.2.3.14 In bgth the single-phase (multipole, includingcsingle-pole circuit breakers tested

3-phase tests
test leads (pe
capacity.

7.2.3.15 Whe
m (4 feet) long
or test group
connected to

7.2.3.16 Acir
7.2.3.2 for rat
load terminals

be joined for ¢

the load terminals of the circuit breaker shall be connected together with 254
r pole) brought to a common point, r brought to a shorting bar of rated ¢

h testing a single-pole circuitibreaker, the load-side test lead shall be not mq
, except that if the circujt-breaker rating is less than 100 A and is the maximu
within the frame, the rated size wire shall be 254 mm (10 inches) long
he load supply terminal by 1.219 m (4 feet) of 1 AWG (42.4 mm?) copper w

Cuit breaker that is rated 100 A or less shall be tested under “bus bar” conditig
ngs to be_tested. The line terminals of single-pole and multipole circuit bre
of singlezpotle circuit breakers shall be connected with a 254 mm (10 inch)

onngection to the test terminals.

k
Ion%
et

wire size. To the ends-of each of these leads, 1 AWG (42.4 mm?) leads, each 1.219 m (4 f

in pairs) and
mm (10-inch)
urrent-carrying

re than 1.219
M of the frame
and shall be
re.

ns. See Table
ers, and the
lead of rated
) long, shall

7.2.3.17 The leads shall enter the test enclosure through a bushed hole and shall be lashed together
outside of the enclosure to the extent necessary to prevent appreciable motion during the interrupting and
let-through measurement tests. Where parallel conductors are used, more than one bushed opening shall
be permitted to be used if an equal number of conductors from each phase are run through each opening.
Equivalent methods, such as the use of conduit, shall be permitted.
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7.2.3.18 The tightening torque applied to any circuit breaker lead terminal shall be as marked on the
circuit breaker.

7.2.3.19 A metallic test enclosure shall be connected through a 30-A fuse to the line lead least likely to
arc to the enclosure, or the neutral, if the circuit breakers are rated for a wye-connected system. The
connection shall be made to the load side of the limiting impedance by means of 10 AWG (5.3 mm?)
copper wire no more than 1.829 m (6 feet) in length. The fuse shall be acceptable for branch-circuit
protection and have a voltage rating not less than the circuit breaker being tested.

7.2.3.20 The peak current and 12t let-through — in each phase for a multipole circuit breaker tested on a
3-phase circuit — shall not exceed the value specified by the manufacturer (see 8.7) at that particular
prospective current and voltage Ievel In addltlon the I2t let- through at test pomts at prospectwe currents

rote-e cycle wave of
ent is 100,000
A, the 1%t would be 83.3 x 106). The peak current and It let-through limits shall not be @pplidable for circuit
breakers testqd under "bus bar” conditions.

7.2.3.21 The Jet-through 1%t shall be determined from an oscillogram showing“a current trace during the
interruption of the circuit by the circuit breaker. The determination shall bévmade by the|application of
Simpson’s rulg (Figure 7.2.3.1), the use of an integrating planimeter, 6t equivalent methqd. The use of
approximation| equations that use the peak let-through of the current 'and the time from ipitiation of the
current to curfent zero shall not be used.
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Figure 7.2.3.1

Application of Simpson’s rule to current oscillogram to obtain let-through 1%t

1. 0dd number

2. Each ordina
3. %t is caley

5 of ordinates (n) dre)to be chosen evenly spaced (At). The more uneven the curve, the[ more ordinates.

e is to be measured, multiplied by ampere scale (indicated by A in this figure), and sqared.

lated as

12p i

SBO662A

3

follows:

[0F + 2) + 405 + 13 + 1302 ) + 205 + 1508 )]
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7.2.3.22 The time base (in degrees per unit linear measure) shall be determined by averaging the
distance between zero-line crossover points of the voltage wave or a timing wave in which the current
trace is most nearly centered.

7.2.3.23 The peak line to neutral arc voltage in any phase during the interruption operation shall not
exceed two times the voltage rating, plus 1000 V for any voltage rating.

7.2.4 Trip-Out Test

7.2.4.1 A circuit breaker shall be tested in accordance with requirements of Trip-out test, 7.1.11.5.

7.2.5 Dielectr

ic Voltage-Withstand test

-

7.2.5.1 A ci
voltage-withst

7.2.6 Interpre

7.26.1 Ther
results descril

7.3 Instantan
7.3.1 General
7.3.1.1 This g

7.3.1.2 The 4
circuit breake
enclosure tha

7.3.1.3 The 1
subjected to t
frame size m¢g
with the intern

7.3.1.4 For eqch representative rating selected, the number of samples to be tested shall b

in Table 7.3.1

and test, 7.1.11.7.

bsults shall be evaluated, including additional testing, in accordance with in

eous-trip circuit breakers

ection covers performance requirements-fof-instantaneous-trip circuit breake

a

naximum and minimum-current ratings (l,) of each circuit breaker frame
ne tests described in 7.3:4.5 — 7.3.1.12 in the order presented. Intermediate ratings in each
y be selected to represent variations in trip coil and tripping mechanism. Sar
hediate ratings shall*be subjected to the calibration test only.

cuit breaker shall be tested in accordance with the requirements

tation of Results

edin 7.1.11.8.

sts described in 7.3.1.5 — 7.3.1.12 cover the performance features of the inst
and shall be conducted in the -enclosure of the combination motor cont
is considered to represent the<application in the combination motor controllg

of Dielectric

terpretation of

I's.
Antaneous-trip
oller or in an
r.

size shall be

hples selected

e as indicated
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Table 7.3.1
Number of samples

Circuit breaker current rating, Number
amperes of samples
0-225 3
226 — 400 2
401 and higher 1

7.3.1.5 The maximum, minimum, and one intermediate trip setting for each sample shall
The test current shall be increased, from zero or some value below the trip setting, until the
trips. The rate of increase shall be such that an accurate indication of the trip point can b
Each pole sha it d-sep -t HREeS 8 g—Hhe-trippingedrren
the range of 80 — 130 percent of the marked tripping current for the trip setting tested.

7.3.1.7 The g¢verload, temperature, and endurance tests shall be condueted on the ¢
mechanism in|accordance with the requirements in 7.1.3 — 7.1.5, using the test sequences {
7.1.1.2. Thesg tests need not be conducted if the circuit breaker isrknewn to comply with
requirements.|The temperature test in 7.1.4 shall be conducted at¢the maximum continuous

(In)-

7.3.1.8 The ¢
endurance teg

plibration test described in 7.3.1.5 shall be repéated on samples subjected
ts or both following these tests.

7.3.1.9 An inferrupting test shall be conducted in@ccordance with the requirements in In{
7.1.7. During the interrupting test, burnout of the magnetic-trip coil may occur. Such perform
the circuit breaker alone shall be acceptable'if no trip coil burnout occurs when subjecti
sample of the|circuit breaker under the same-conditions to the interrupting test with the inte
relays, or an g¢quivalent impedance, in-8€ries with each pole.

7.3.1.10 Follgwing the interrupting\test, an instantaneous-trip circuit breaker tested alone o
an overload re¢lay or equivalent shall trip when a current equal to 130 percent of the mark
is passed thrqugh each pole'separately.

7.3.1.11 The
damaged duri
the current sh

ng thesinterrupting tests. Trip-out shall be determined in accordance with 7.3.1
pll be permitted to be brought quickly to the 130 percent value.

be calibrated.
circuit breaker
e established.
shall be within

bus closing, or

ircuit breaker
hown in Table
all of the test
current rating

to overload or

errupting test,
hnce in testing
Ng a separate
nded overload

Fin series with
ed trip setting

frip-out testtis intended to show whether the circuit breaker operating mechamism has been

.5 except that

7.3.1.12 An instantaneous-trip circuit breaker shall be subjected to a dielectric voltage-withstand test in

accordance with the requirements in 7.1.9.
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7.4 Circuit breaker and ground-fault circuit-interrupters

7.4.1 General

7.4.1.1 This section covers circuit breaker and ground-fault circuit-interrupters that provide overcurrent
protection and personnel protection against risk of electric shock as required by the National Installation
Codes in Annex B, Ref. No. 1. These devices are rated Class A, single-pole, 120 V ac and/or 127 V ac,
60 Hz, 2-pole, 120/240 V ac, 60 Hz, and 3-pole, 208Y/120 V ac and/or 220Y/127 V ac.

7.4.2 Circuit Breaker Test Sequences

7.4.2.1 General

7.4.2.1.1 The|selection of samples for circuit breaker tests shall be in accordance with,7A4J1.2, except as
otherwise not¢d.

7.4.2.1.2 The|tests indicated in Table 7.4.2.1 shall be conducted in the sequenee’shown, |except that at
the option of the manufacturer, Test Sequence X, Y, and Z may be combined’for all frame sizes. When
combining X-Y-Z Sequences or Y-Z Sequences, the Interrupting Test, 7.17)vin the Y Seqgdience shall be
omitted.

7.4.2.1.3 The|tests in Table 7.4.2.1 shall be performed in accordance with Standard Circuit Breakers,
Section 7.1 except as modified by the requirements in 7.4.2.2. 1\~ 7.4.4.14.

7.4.2.2 Grourjd-fault calibration test

7.4.2.2.1 The|ground-fault calibration shall be performed on each pole, one at a time, with the pole under
test connected as shown in Figure 7.4.2.1. With the,line terminals connected to a 60 Hz syipply and with
the supply ad|usted to rated voltage, the resistance (R) shall be reduced gradually until tfipping occurs.
The ground-fault trip level is the current,xmeasured in milliamperes, at the time of|tripping. The
ground-fault tifip level shall be in the range\from 4.0 to 6.0 mA.

Table 7.4.2.1
Test sequences
Circuit-breaker type Fully magnetic and Compensated
solid-state trip? thermal
and uncompensated breakers®
thermal breakers®
rated 25°C or
40°ced
Segu. Sequence
Test Clause X Y y4 X Y Y4
1. 200 percent Calibration at 25°C (77°F) 71.22 X X X X X X
2. 135 percent Calibration at 25°C (77°F) 7.1.2.3 X X X
3. 200 percent Calibration at 40°C (104°F) 71.22 X
4. 135 percent Calibration at 40°C (104°F) 71.2.3 X
5. Ground-fault calibration 7.4.2.2 X X X X X X

Table 7.4.2.1 Continued on Next Page
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Table 7.4.2.1 Continued
Circuit-breaker type Fully magnetic and Compensated
solid-state trip? thermal
and uncompensated breakers®
thermal breakers®
rated 25°C or
40°ced
Sequence Sequence

Test Clause X Y z X Y z
6. Overload 713 X X
7. 100 percent Calibration at 40°C (104°F)kg:n 71.2.4,71.4 X X
8. Temperature and 100 percent Calibration at 25°C 7124,71.4 X X

(77°F)!

9. Endurance 7.4.2.3 X X
10. 200 percgnt Calibration at 25°C (77°F) 7.1.6 X X
11. 135 Percént Calibration at 25°C (77°F) 71.6 X X
12. 135 Percgnt Calibration at 40°C (104°F)i 7.1.6 X
13.  Interrupting 7.4:2.4 Xk X! Xk X
14. 200 Percént Trip-out at 25°C (77°F) 71.8 X X X X
15.  Ground-fgult calibration 7.425 X X X X X X
16.  Dielectric|voltage-withstand 7.4.2.6 X X X X X X
X — indicates tegt required.
a Circuit breakers whose automatic operation does not depend on the heating effect of current.
b Circuit breakets whose automatic opetation depends on the heating effect of current and are affected by chanpes in ambient
temperature.
¢ If the degree of compensation used/in a circuit breaker is such that it will not carry rated current at 40°C (1049F), it may, at the
option of the manufacturer, be«tested as a 25°(77°F) circuit breaker.
d If a circuit bredker include$<ny thermal compensation in its tripping mechanism, and if the manufacturer desirps to have the
circuit breaker njarked “4Q°C”, it shall be subjected to the tests for a compensated thermal circuit breaker.
€ Circuit breakers whose automatic operation depends on the heating effect of current, and which incorporate means for
counteracting thg effect of change in ambient temperature.

f This test may
9 Applies only to circuit breakers rated 40°C (104°F).

tsat 25" C77 -

ambient temperature is 40°C (104°F) during the temperature test.

than it was before the endurance test.

k Test current shall be in accordance with Table 7.1.7.4 and operations shall be O-t-CO, where t is minimum of
maximum of 1 hour.

h For uncompensated thermal circuit breakers rated 40°C(104°F), the test may be combined with the temperature test if the

i Temperature and 100 percent calibration shall be conducted at rated voltage. Circuits that are heated only when there is ground
fault current shall be continuously heated by providing a value of ground fault current just low enough not to cause tripping.

I May be omitted if the tripping time at 135 percent of rated current in a 25°C (77°F) ambient after the endurance test is no more

2 minutes,

I Test current shall be in accordance with Table 7.1.7.3 and operations shall be in accordance with Table 7.4.2.2.
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Figure 7.4.2.1
Ground-fault calibration
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3 — Load or Load Power

4 — Load Neutral
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7.4.2.3 Endurance test

7.4.2.3.1 One-half of the “with current” operations of the endurance test shall be performed as follows:
a) Turn the circuit breaker on,
b) Depress the supervisory (test) switch to cause tripping, and
c) Relatch the circuit breaker.

7.4.2.4 Interrupting tests

7.4.2.4.1 For hc ;Iltcllupt;lly tUOt, thc ||umbc| Uf upclat;ullc oha” bc 'JUIfUIIIIUd ;II GUUUIdCl .]Ce Wlth Table
7.4.2.2 and the connecting diagrams shown in Figure 7.4.2.2 shall be used. The length“of|integral leads
shall be reduged to 152 mm (6 inches).

7.4.2.4.2 For |the interrupting test during the Y test sequence, the test current-shall be gs indicated in
Table 7.1.7.4 And the connections shall be per Figure 7.4.2.2, items A or C, as\appropriate| The test shall
consist of ong “O” and one “CQO” operation.

Table 7.4.2.2
Z Sequence
Interrupting test operations

Poles Frame Circuit breaker Operations Common Total
ratings AC voltage on operations? number of
ratings each pole? operations
Q" "CO” Q"
1 All 120 or-127 B B A 3
2 All 120/240 D D C 5
208Y/120 and/or
3 All 220Y/127 F F E 7

a Letters indicat¢ diagram.in Figure 7.4.2.2.
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Figure 7.4.2.2
Interrupting test connections
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7.4.2.5 Ground-fault calibration test

7.4.2.5.1 The ground-fault calibration test in 7.4.2.2 shall be conducted following the interrupting tests.
The ground-fault trip level shall not be greater than 6.0 mA and not less than 3.5 mA.

7.4.2.6 Dielectric voltage-withstand test

7.4.2.6.1 Following the interrupting test, a circuit breaker and ground-fault circuit-interrupter shall be
tested in accordance with 7.1.9 except as modified by 7.4.2.6.2.

7.4.2.6.2 No opposite polarity dielectric voltage-withstand tests shall be performed on single-pole devices.
The opposite polarity dielectric voltage-withstand test shall be performed between the line terminals with

the contacts g
and/or lead sh
enclosure. Th
7.4.3 High A

7.4.3.1 Thesq

and ground-fault circuit-interrupter shall comply if it is to be acceptable with an interrupting

than 5 KA.

7.4.3.2 The ¢

n 1 a2 1 Al H ImY H cial ¢ IoH ot a3t + 1l
'JGII A" |l - }JUIU arlnu J }JUIU UCTVIUUTO. I.IUIIIIH UTCTOULLNTO WitlTotdarniu 1Cotlo UIv 110
b neutral terminals shall be considered to be live parts.
yailable Fault-Current Circuits

requirements specify the additional performance requirements/with which a

election of samples and the test methods shall ‘be “in accordance with 7.1

otherwise notg¢d in 7.4.3.3 and 7.4.3.4.

7.4.3.3 The tests indicated in Table 7.4.3.1 shall be conducted in the sequence shown.

all be connected into the test circuit only during the test between live payts’s

utral terminals
nd the overall

circuit breaker
rating greater

.11 except as

Table 7.4.3.1
Testisequence
1. 200-percent current calibration
2. Ground-fault calibration
3, Interrupting test
4. Trip out
5. Ground-fault calibration (see 7.4.2.5.1)
6 Dielectric voltage-withstand (see 7.1.11.7)

7.4.3.4 For the short-circuit tests, the method of operation shall be as indicated in Table 7.4.3.2 and the
connection diagrams shown in Figure 7.4.2.2 shall be used.
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Table 7.4.3.2
Interrupting operations
Circuit Test with Test with
breaker bus bar? leads?
Frame AC voltage "0” "0” ”CO”
ratings rating
All 120 or 127 A A B
All 120/240 C C Db
208Y/120 and/or
All 220Y/127 E E E
a Lettprs indicate diagram in Figure 7.4.2.2.
b Only one pole is required to be tested when the circuit breaker design has been previously evaltiat¢d for
the interrupting rating.
7.4.4 Ground-Fault Circuit-Interrupter Tests
7.4.41 The tg¢sts from Annex B, Ref. No. 11 that are referenced in this\section, shall bg performed in

accordance w
section.

7.4.4.2 For th
untested, shal
under both op
current. The 1
and the groun
turning the cir
by the equatiq
not exceed tH

calculated from the equation:

in which:

ith the requirements of those standards, except as maodified by the requirg

e low resistance ground-fault test a sample, .which shall be permitted to
be connected to a supply adjusted to the rated voltage, plus 10 percent, min
en and closed circuit conditions. A resistancg, shall be adjusted to obtain six t

ded conductor of the supply as indicated in Figure 7.4.4.1. The current shall
Cuit breaker on. The circuit breaker shall operate to open the circuit within the
n, with a plus tolerance of 25 percent if the average of ten operations with ¢
e time specified by the equation. The allowable operating time “T” in seg

bments in this

be previously
us 15 percent,
mes the rated

esistance shall be connected between each ungrounded conductor load teffminal, in turn,

be initiated by
time specified
ach pole does
onds shall be

V is the closed circuit voltage at the line terminals of the circuit breaker.
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Figure 7.4.4.1

Low resistance fault circuit connections
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7.4.4.3 For the normal temperature test, a previously untested sample shall be tested unenclosed. The
temperature limits of this standard shall be applied, except for parts of the ground-fault circuit-interrupter
where the temperature limits in Annex B, Ref. No. 11 shall be applied. The circuit breaker shall be
connected to a supply — 120 V or 127 V supply for a single-pole device and 120/240 V or two phases of
a 208Y/120 V supply for a 2-pole device, and three phases of a 208Y/120V and/or 220Y/127V supply for
a 3-pole device — adjusted to rated voltage. Loads shall be connected to the load terminals that cause the
load conductors, including the neutral conductor, if available, to carry rated current. A resistance adjusted
to draw 3.9 mA shall be connected between one ungrounded load terminal and the grounded supply
terminal. (See Annex B, Ref. No. 11.)

7.4.4.4 For the operation test, a sample, which may, at the option of the submitter, be previously
untested, shall be connected to a supply adjusted to rated voItage The circuit breaker shaII be switched
on and |mme'
repeated 24
Performance Is acceptable if, when subjected to the ground-fault calibration test at the, co
test, the ground-fault trip level is between 4.0 and 6.0 mA.

7.4.4.5 For th
in Annex B, R

e resistance to environmental noise test, a sample shall be subjected to the tgsts described

ef. No. 11.

7.4.4.6 For the ground-fault test sequence, a previously untested sample shall be subject
conditioning, [ leakage-current measurement, voltage-surge testing, high-resistance

ed to humidity
ground fault,

resistance to f

performance is the same when the resistance is connected to any ungrounded conductor

Cified in Annex
ces by 7.4.4.9

ts specified in

idn of the circuit

the enclosure

[No. 11).

br, in turn (see

sistance Ry, or
H to the other

8°C (77°F) that

of a multipole

circuit breaket, the remainder of the test sequence may, at the option of the submitter, be

erformed with

the resistance connected to only one conductor (see Annex B, Ref. No. 11).

7.4.4.11 In addition to the 85 — 110 percent of line voltage consideration, the absence of power from each
ungrounded conductor of a 120/240 V or absence of power from up to two ungrounded conductors of a
208Y/120 V and/or 220Y/127V circuit breaker, in turn, shall be considered to determine the most adverse
operation (see Annex B, Ref. No. 11).
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7.4.4.12 Loads connected between each ungrounded conductor of a multipole circuit breaker and the
grounded conductor, if available, shall be considered, in turn, as well as loads connected between the
ungrounded conductors (see Annex B, Ref. No. 11).

7.4.413 The grounded neutral test shall be conducted with resistance R, or R, connected to one
ungrounded conductor and repeated with the resistance connected to the other ungrounded conductors
of a multipole circuit breaker. The test shall also be performed with the value of Ry, (or R,) set to 500 ohms
(see Annex B, Ref. No. 11).

7.4.414 For the resistance to false tripping test, in addition to the 85 — 110 percent of line voltage
consideration, the absence of power on each ungrounded conductor of a multipole circuit breaker, or two
ungrounded conductors in the case of a 3-pole circuit breaker, in turn, shall be considered. Loads

connected be
considered as
(see Annex B

7.5 Circuit b

7.5.1 General

7.5.1.1 This
protection tha

7.5.2 Circuit
7.5.2.1 Gene

7.5.2.1.1 Rep
tests in Table
Z may be co
Sequence m

7.5.2.1.2 Rep
accordance w

7.5.2.1.3 The
Section 7.1, e

=N aael ol 3 + 1l aael ol 3 H 4 Hall H
wiovTuln oaull UIIHIUUIIUUU CUTTUULiVUT U Uuai1c SIUUIIUUU CUTTUULIUT 1T avanawvic, 1
well as loads connected between the ungrounded conductors of a multipole
Ref. No. 11).

eakers with equipment ground-fault protection

bection covers additional requirements for circuit breakers with equipmen
provide overcurrent protection and ground-fault protection of equipment.

Breaker Test Sequences

al

7.5.1 in the sequence shown. At the option of the manufacturer, Test Sequer
bined. When combining X-Ys=Z_or Y-Z Sequences, the Interrupting test, 7

be omitted.

resentative circuit breakers with equipment ground-fault protection shall &
th Table 7.1.1.1.

tests in Table_7.5.1 shall be performed in accordance with Standard Cin
kcept as medified by the requirements in this section.

turn, shall be
circuit breaker

t ground-fault

resentative circuit breakers with equipment ground-fault protection shall be sdibjected to the

ces X, Y, and
1.7, inthe Y

e selected in

cuit Breakers,
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Table 7.5.1
Test sequences?

Circuit-breaker type Fully magnetic and | Ambient compensated
solid-state trip? and breakers
non-ambient
compensated
breakers® rated 25°C
or 40°C¢% d
Test Clause Sequence Sequence
Y Y

1. 200 percent Calibration at 25°C 71.2.2 X X X

(7r°F)
2. 135 percent Calibration at 25°C 7.1.2.3 X X X

(7)7°F)
3. 200 percent Calibration at 40°C 7122 X

(1104°F)
4. 135 percent Calibration at 40°C 71.2.3 X

(104°F)
5. Glound-fault calibration 7522 X X X X X X
6. Oyerload 71.3 X X
7. 190 percent Calibration at 40°C 71.2.4, 04 X X

(1p4°F)ets
8. Temperature and 100 percent 7.124,71.4 X X

cqlibration at 25°C (77°F)"
9. Efpdurance 7.5.2.3.1 X X
10. 200 percent Calibrationat 25°C 7.1.6 X X

(77°F)
11. 135 percent-€alibration at 25°C 71.6 X X

(7)7°F)
12.  135'percent Calibration at 40°C 7.1.6 X

(104°F)
13.  Interrupting 7.5.2.4.1, X! XK X! XK

75242
14. 200 percent Trip-out at 25°C (77°F) 71.8 X X X X
15.  Ground-fault calibration 7.5.2.5.1 X X X X X X
16. Dielectric voltage-withstand 75.2.6.1, X X X X X X
7.5.2.6.2

Table 7.5.1 Continued on Next Page
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Table 7.5.1 Continued

Circuit-breaker type Fully magnetic and | Ambient compensated
solid-state trip? and breakers
non-ambient
compensated
breakers® rated 25°C
or 40°C¢ d
Test Clause Sequence Sequence
X | Y | p4 X | Y | z

X — Indicates test required.

a Circuit hreakers whose automatic operation does nat depend an the heating effect of current

b Circuit

changes
¢ If the d
(104°F),
d|f a cir
desires {]
circuit br]
€ This te
f Applies
9 For no
tempera
h Tempe
when thg
low enoy
' May be
test is ng
I Test cu
maximur
k Test cu

breakers whose automatic operation depends on the heating effect of current and are affectéed
in ambient temperature.

egree of compensation used in a circuit breaker is such that it will not carry rated currént at 409
it may, at the option of the manufacturer, be tested as a 25°C (77°F) circuit breaket,
uit breaker includes any thermal compensation in its tripping mechanism, and iftithe’manufactur
b have the circuit breaker marked “40°C”, it shall be subjected to the tests for an ambient comg
baker.

5t may be performed after the temperature and 100 percent calibration tésts at 25°C (77°F).
only to circuit breakers rated 40°C (104°F).

h-ambient compensated circuit breakers rated 40°C (104°F), thedtest'may be combined with the
ure test if the ambient temperature is 40°C (104°F) during thé.temperature test.

Fature and 100 percent calibration shall be conducted at rated voltage. Circuits that are heated
re is ground fault current shall be continuously heated by pfroviding a value of ground fault curr
gh not to cause tripping.

omitted if the tripping time at 135 percent of rated current in a 25°C (77°F) ambient after the e
more than it was before the endurance test.

Yy

C

er
ensated

bnly
bnt just

durance

[

frent shall be per Table 7.1.7.4 and operatigns-shall be O-t-CO, where t is minimum of 2 minutg
h of 1 hour.
rrent shall be per Table 7.1.7.3 and operations shall be per Table 7.1.7.1 or Table 7.5.2.
Table 7.5.2
Z sequence

Interrupting test operations?

Circuit preaker type Frame Operations on each | Common operations? Total number of
ratings pole operations
"0” ”"CO” "0”
-pole All B B A 3
P-pole All D D C g
3-padle. 4 wire All E E E 7
3-pole, 3 wire All G G H 7
a Letters indicate diagram in Figure 7.5.2.
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7.5.2.2 Ground-fault calibration test

7.5.2.2.1 The ground-fault trip current shall be within + 15 percent of the marked tripping current. The
ground-fault calibration test shall be performed on each pole, one at a time, with the pole under test
connected as shown in Figure 7.5.1. If a voltage supply is required, the representative circuit breaker shall
be connected to a 60 Hz supply and the supply adjusted to rated voltage. The resistance (R) shall be
reduced until tripping occurs. The ground-fault trip current measured at the time of tripping shall be

recorded.

7.5.2.3 Endurance test

7.5.2.3.1 If the device includes an integral test circuit, 10 percent of the “with current” operations of the
Endurance tegt—7+51s-to-be-performed-asfottows:

a)

Tdirn the circuit breaker on.

bpress the test switch to cause tripping.

platch the circuit breaker.

7.5.2.4 Interrypting test

7.5.2.41 For

the interrupting test, representative circuit breakets with equipment ground f

shall be conngcted and tested in accordance with the Interrupting test, 7.1.7, except that th

be connected

7.5.2.4.2 For
the common ¢

7.5.2.5 Grour

7.5.2.5.1 The
The ground-fg

7.5.2.6 Dieled

75261 Ac
7.1.9, except

7.5.2.6.2 Opp

in accordance with Figure 7.5.2 and the operations shall be in accordance wi

the Y-Sequence Interrupting test, 7.1.7, the devices are to be connected as
peration in 7.5.2.4.1.

d-fault calibration test

ground-fault calibration test’in 7.5.2.2.1 shall be conducted following the in
ult trip level shall be within £15 percent of the marked tripping current.

tric voltage-withstand test

rcuit breaker\with equipment ground-fault protection shall be tested in ac
hs modified-by 7.5.2.6.2.

osite polarity dielectric voltage-withstand tests are not required between tern

electronics as

semblies are connected.

ault protection
e device shall
h Table 7.5.2.

described for

errupting test.

cordance with

inals to which
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Figure 7.5.1
Ground-fault trip level

N
(] ‘ o o
1T T2

g

Qw
[ EN
Qw

®

su0922

N — Neutral

Terminal Designation
1- Line
2 — Line Neutral or Panel Neutral
3 — Load or Load Power

4 — Load Neutral
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Figure 7.5.2
Interrupting test connections

-N

=N

—N—

su0921a

REES

a0
=

N — Neutral

Z — Limiting Impe

F — 30 A “ground” Fuse, Enclosure

Terminal Designation

Line

1=

Line Neutral or Panel Neutral

2 —

Load or Load Power

3 -

Load Neutral

4 —
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7.5.3 High Available Fault Current Circuits Tests

7.5.3.1 These requirements specify the additional performance requirements for devices that are
intended to be marked with an interrupting rating greater than the value for which the device was tested

in the Z Sequence Interrupting test, 7.1.7.

7.5.3.2 The selection of representative circuit breakers and the test methods shall be in accordance with
High available fault current test sequence, Section 7.1.11, except as noted in 7.5.3.3 — 7.5.3.4.

7.5.3.3 The tests indicated in Table 7.5.3 are to be performed in the sequence shown.

Table 7.5.3

Testsequience———————————————————————————

1. 200-percgnt current calibration (see 7.1.2.2)

2. Ground-fdult calibration (see 7.5.2.2.1)

3. Interruptir|g test (see 7.5.3.4)

4. Trip out ($ee 7.1.11.5)

5. Ground-fgult calibration (see 7.5.2.5.1)

7.5.3.4 For the short-circuit tests, the method of operation“shall be as indicated in Table|7.5.4 and the
connection diggrams shown in Figure 7.5.2 shall be useo.
Table 7.5.4
Interrupting operations
Circuit breaker Test with bus bar? Test with leads?
Frame rptings AC voltage‘rating "0” "qQ” ”"CO”
Al 120,0r 127 A A B
Al 120/240 ¢ d DP
Al 208Y./120 and/or 220Y/127 F A E
Al 240 H H G
L etters indicate|diagram in _Figure 7.5.2.
POnly one pole ik required T be tested when the circuit breaker design has been previously evaluated for the inferrupting rating.
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7.5.4 Ground Fault Protection Tests

7.5.4.1 A representative circuit breaker or circuit breakers shall be subjected to the temperature test and
calibration test requirements in Annex B, Ref. No. 13. The circuit breaker to be tested shall be
representative of the group of devices being considered. If one device cannot be considered as
representative of the group, then sufficient circuit breakers are to be selected to represent the group.

7.6 Integrally fused circuit breakers, high-fault protectors, and high-fault modules
7.6.1 This section covers additional requirements for fused circuit breakers, high-fault protectors, and

fused high-fault modules. High-fault modules without provisions for fuses or high-fault protectors need
only be tested in combination with the associated circuit breaker in 7.1 and 7.2 as appropriate.

7.6.2 The selgction of samples and test methods shall be in accordance with Standard ‘Cifcuit Breakers,
Section 7.1, except as otherwise noted.

7.6.3 Tests indicated in Tables 7.1.1.2 and 7.6.1 shall be conducted in the sequence shown. If the circuit
breaker consfruction has previously been found to comply with the test sequence spegified in Table
7.1.1.2, only the “Z” test sequence is required for the minimum ampere rating and only tHe ”X” and “Z”
test sequences are required for the maximum ampere rating.

Table 7.6.1
Test sequence
Circtiit breaker
ratinI, amperes
Test Clause Minimun} Maximum
1. 200 pefcent calibration 7122 X X
2. Interrugting tests
A.| Crossover (high-fault protectors andfuses)? 7.6.10 - X
B.| Crossover (dummy fuses or high=fault protectors)P 7.6.10 - X
C.| Maximum IC 7.6.13 X X
D.| Maximum energy 7.6.15 - X
E.| 25 x ampere rating (no less than 1000 A)¢ Note °© - X
3. 250 pefcent calibration 71115 X X
4. Dielectfic voltage=withstand (two times voltage rating, 900 V minimum) 71117 X X
Notes

X — Indicates tegt required.

a”0” operation conducted slightly above crossover to provide for operation of high-fault protectors or fuses. Cotton indicators
shall be used when crossover current is less than interrupting test current. See 7.1.7.2.

b With dummy fuses, “O” and “CO” operation, no cotton indicators used.

¢ Applicable only if crossover point is less than “common” interrupting rating current in Table 7.1.7.3. Fusible elements shall not
open during tests. “O” and “CQO” operation required. No cotton indicators used.

7.6.4 The tests indicated in Table 7.6.1 are based on the use of one high-fault protector having specific
let-through characteristics for all ratings in a frame size. If two or more high-fault protectors having
different let-through characteristics are used, all of the above tests shall be conducted on the maximum
and minimum ratings of the circuit breaker associated with each high-fault protector.
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7.6.5 For the temperature test, temperatures shall not exceed the limits specified in 7.1.4. In addition,
temperature rises on the high-fault protector or fuse terminals and casings shall not exceed 85°C (153°F)
unless the insulating materials are rated for the temperature attained, based on use in 40°C (104°F)
ambient.

7.6.6 The power factors for the tests shall be based on the prescribed current as tabulated in Table
7.1.7.4.

7.6.7 The peak line to neutral arc voltage in any phase during any test from crossover to maximum
interrupting current shall not exceed 3000 V.

7.6.8 During the interruption tests, the fuses or high-fault protectors shall remain intact, not ignite cotton,

e |
mreuwar.

or emit molter

7.6.9 Each gr
product samp
and 4. During
they shall ope]
less than the

7.6.10 The 0;1)

device, of av

and fuse or H
permitted by ]
bus shall then
closing shall b

7.6.11 The “(

pup of the following series shall be permitted to be conducted on new utteste
es: Tests (see Table 7.6.1) 2A, 2B, and 4; Tests 2E and 4; Tests 2Dland 4
Test Sequences X, Y, and Z the high-fault protectors or fuses shall'not ope
h during the Z sequence interrupting test for a combination if thelcross-over |
common” interrupting rating current shown in Table 7.1.7.3.

mbination of devices shall be caused to interrupt aciretit, 3-phase for a
lable current not less than the value determined framythe intersection of the
igh-fault protector, clearing time versus current‘gurves, under “O” operati
.6.11, the circuit breaker with any fuse or high=fault protector locations brid
e used for all operations. See Table 7.6.:1;Fests 2A and 2B.

O” and ”O” operations with the fuse>or protector locations bridged need not

if the circuit breaker construction has been successfully evaluated for an interrupting rating

to the crosso\

7.6.12 During
shall clear (fo
this is not the
high-fault prot

7.6.13 For T4
using high-fay

er current.

the test of 7.6.10 with livexfuses or high-fault protectors, the fuses or high-f
a three phase circuit ateast two of three; for a single phase circuit at least
case, the current shall be increased slightly and the test repeated to caus
bctors to clear.

st 2C of Table7.6.1, the tests on the overall combination shall be conductg
It protectors-or fuses that are in the “as received” condition and also on sar

protectors or fuses_that'have been exposed to temperature conditioning, 90°C (194°F) for

samples shall
breakers shal

be tested not later than 1 hour after removal from the conditioning environme
be)permitted to be used for the test of conditioned fuse samples. Oven cor

d combination
; Tests 2C, 3,
n, except that
oint current is

3-phase rated
circuit breaker
bn. Except as
jed by a solid

be caused to interrupt this circuit once under™CQO” and once under “O” operation. Random

be conducted
at least equal

Ault protectors
one of two). If
b the fuses or

d on samples
nple high-fault
24 hours. The
nt. New circuit
ditioning shall

not be required on high-fault protectors or fuses with tubing material of ceramic, polyester, glass
melamine, or equivalent nonhygroscopic material when the fuse or high-fault protector uses a sand filler
or no filler.

7.6.14 The combination of devices shall be caused to interrupt a circuit, 3-phase for a 3-phase rated
device, of rated interrupting capacity — Test 2C — once under “O” operation and once under "CO”
operation. During the “O” operation, start of arcing in any one phase shall be in the range of 60 — 90
degrees on the voltage wave. If start of arcing is after 90 degrees, with closing at zero, the test shall be
considered satisfactory if additionally conducted:

a) With closing at 90 degrees on the voltage wave, and
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b) With closing at 45 degrees on the voltage wave.
Only one pole of a multipole device shall be subjected to each such operation.

7.6.15 For Test 2D of Table 7.6.1, the tests on the overall combination shall be conducted on samples
using high-fault protectors or fuses that are in the “as received” condition and also on sample high-fault
protectors or fuses that have been humidity conditioned, 95 £5 percent relative humidity at 20 — 25°C (68
— 77°F) for 5 days. The samples shall be tested not later than 1 hour after removal from the conditioning
environment. New circuit breakers shall be permitted to be used for the test of conditioned fuse samples.

7.6.16 The combination of devices shall be caused to interrupt a circuit such that the peak current

let-through of the comb|nat|on is in the range of 70 - 100 percent of the peak value of the symmetrical

component of
degrees on the
these conditio|
protector that
with the perfo

7.6.17 The c(
high-fault mog

7.6.18 The oy
taken from th
where the te
Intermediate t
that attained

current in com
25 or 40°C (7
shorter or lon
if agreeable tg
- 7.6.20.

7.6.19 The h
percent at 32.

g-shall be at zero

2] voltage wave. ThIS operation may be on either a 3-phase cwcwt with any ‘45
ns, or on a single-phase circuit. This operation shall not be required fof g fug
s satisfactorily evaluated separately. If the circuit breaker impedance otoper3
mance of this test, the operation shall not be conducted.

ule are:
ven conditioning as described in 7.6.18: and
imidity conditioning as described in 7.6.19.

en conditioning in 7.6.17 shall be conducted-for 1000 hours. The oven tempe
b intersection of a selected temperature-index line in Figure 7.5.1 with the 1
mperature index T is the maximuny,observed operating temperature of
emperature indices shall be interpelated. The maximum observed operating
when the high-fault protector effused high-fault module is carrying 100 p€g
bination with any circuit breaker in or with which it is to be used and while in
V or 104°F) as appropriate.On the same selected temperature-index line in
her time at the corresponding higher or lower temperature, respectively, sha
the submitter and the.tésting agency, if the time is not less than 300 hours. S

imidity conditioning referred to in 7.6.17 shall be 5 days in a relative hum
D £2.0°C(89:6 £3.6°F).

7.6.20 After t@e conditioning, the high-fault protectors or high-fault module shall be brought

at room temp

bhase meeting
e or high-fault
ition interferes

nditions mentioned in 6.6.13 for investigating an adhesive used in a high-fadilt protector or

rature shall be
000-hour line,
the adhesive.
emperature is
rcent of rated
an ambient of
Figure 7.6.1, a
| be permitted
ee also 7.6.17

idity of 93 +2

to, and tested,

rature and humidity to determine their performance.
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Figure 7.6.1
Aging time vs. aging temperature for adhesive
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7.7 Adjustabje circuit breakers
7.7.1 General
7.7.1.1 This gection covers additional requirements for adjustable circuit breakers.
7.7.1.2 The number of samples shall.be selected according to the requirements of Table 7.1.1.1.
7.7.2 Adjustable Current Setting (I,)

7.7.2.1 A cirquit breaken with an adjustable current setting (I;) shall comply with the 20Q percent, 135
percent, and 100 percent calibration test requirements described in 7.1.2.2 — 7.1.2.4.

7.7.2.2 The trfjp timeés, based upon the current setting (l;), shall be in accordance with 7.1.3.2 and 7.1.2.3
and Table 71 NS4 fartha 128 ~AnAaraant And 9NN ~nAaraant tactc

s T O T OO PrTO U T anU = UU PCToTT It tootor

7.7.2.3 Tests shall be conducted at both the minimum and maximum current ratings for the frame and at
the minimum and maximum current settings (l,). Intermediate current ratings shall be tested if there is a
change in the construction such as different current sensors.
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7.7.2.4 If the long-time delay setting is adjustable, it shall be set at the minimum delay setting for the 100
percent test, and at the maximum delay setting for the 135 percent and 200 percent tests.

7.7.3 Short-Time Delay

7.7.3.1 A circuit breaker with a short-time delay shall comply with the calibration test requirements in
7.7.3.2—-7.7.3.6.

7.7.3.2 The calibration test shall involve testing at two current levels. The first shall be at a current equal
to 90 percent of the short-time pickup setting or the minimum of the band, whichever is less. The second
test shall be at a current equal to 100 to 120 percent of the short-time pickup setting or the maximum of

the band, whichever is greater.

7.7.3.3 The te
and at both th

7.7.3.4 If the
at 90 percent

7.7.3.5 For th
manufacturer’
120 percent t
short-time pic

7.7.3.6 Termi
the calibration

sts shall be conducted on both the maximum and minimum current ratings‘}

hort-time delay setting is adjustable, it shall be set at the minimum-delay sett
and at the maximum delay setting for the test at 100 to 120 pereeént.

e test at 90 percent, the trip time shall be not less than the minimum time in
5 trip curve for the short-time pickup and short-time delay-setting under test.
pst, the trip time shall be within the time indicated onythe manufacturer’s trif
up and short-time delay setting under test.

nhal conductors shall be selected from Table 6:174.2.1 based upon the current
tests in this section.

7.7.4 Instantaneous Pick-Up Setting

7.7.4.1 A circ
requirements

7.7.5 Ground

7.7.5.1 A cin
requirements

it breaker that has an instantaneous pick-up setting shall comply with the
n7.1.2.5.

-Fault Trip Response

n Annex B, Ref. No. 13.

e maximum and minimum short-time pickup setting or band for each sample|

for the frame

ng for the test

Hicated on the
For the 100 to
curve for the

setting (1) for

talibration test

cuit breaker thatincludes a ground-fault element shall comply with tihe calibration
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7.8 Heating, air conditioning, and refrigeration (HACR) circuit breakers

7.8.1 A circuit breaker for group installation applications shall comply with Tables 7.1.1.1 and 7.1.1.2.

7.9 Remotely-operated circuit breakers

7.9.1 A remotely-operated circuit breaker shall comply with Tables 7.1.1.1 and 7.1.1.2. See 7.9.2.

7.9.2 Tests shall be additionally conducted on new sample sets with the following variatio

a) The remotely-operated circuit breaker shall be used for all ON-OFF and “CO”
instead of the operating handle.

ns:

operations

b) TlLe first 25 endurance operations shall be conducted at 85 percent of the cir¢
operafor’s voltage rating, the next 25 operations shall be conducted at 110 _percen
operajor’s voltage rating, and the balance of the operations shall be conducted at
rated poltage.

c) Fq
circuit
break
the re

breaker handle mechanism shall be in the ON position and the remotely-op
motely-operated circuit breaker is moved to the OFF position.
7.10 Switching duty (SWD) rated circuit breakers

7.10.1 A circy

r the dielectric voltage-withstand tests with the circuit breaker\in the OFF po

br in the OFF position. It is acceptable for the handle to move to the OFF po

on a regular K
endurance an

7.10.2 Additig
2999, 3000,
each of three
127, 277, or

asis, see 9.10.1, shall in addition to other requirements in this standard be
0 temperature test described in 7.10¢2:

nd 3001 operations of endurance, 7.1.5. Three single-pole circuit breakers,
ulti-pole circuit breakers shall be tested. The voltage for the endurance tes

it breaker rated 15 or 20 A, 347 V or less-dnd intended to switch fluorescent

nal circuit breakers shall be subjéected to a temperature test, 7.1.4, after 99¢

Lit breaker
of the
he operator’s

sition, the
brated circuit
sition when

lighting loads
subject to the

), 1000, 1001,
or one pole of
shall be 120,

7 volts, as appropriate.*After the 999th and 2999th operation, each circuit brieaker shall be

operated only|to close the contacts\for the temperature test. At the option of the submitter, th
3000, and 3001 cycles of operation may be performed with supply (full voltage or low-volt3

any supply cqnnected. Except’as noted in 7.10.3 — 7.10.5, the temperature rises on the

terminals shall be in accerdance with 7.1.4.2.2 and Figures 7.1.4.1.1 and 7.1.4.1.2, and th

limit of the inpulating-material shall not be exceeded. To determine the temperature of
material, a thgrmocouple shall be attached externally on the circuit breaker housing directl

e 1000, 1001,
ge) or without
line and load
e temperature
the insulating
y opposite the

stationary contact,

7.10.3 If one temperature reading exceeds permitted limits (during the 999, 1000, 1001, 2999, 3000, or
3001 cycles), the circuit breaker shall be operated for three additional cycles (in addition to those
performed), each cycle followed by measurement of constant temperatures. To be considered acceptable,
all three additional temperature measurements shall be in compliance with the temperature limits.
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7.10.4 If two temperature measurements on a single sample or one or more readings on each of the three
samples exceed the limits specified, the results shall be considered not acceptable.

7.10.5 If two readings, one on each of two samples exceed the limits specified, three additional
temperature measurements on each of the two circuit breakers on which excessive temperatures were
recorded shall be obtained. To be considered acceptable, all six additional temperature measurements
shall be in compliance with the temperature limits.

7.11 400 Hz rated circuit breakers
7.11.1 Except as permitted by 7.11.2, a circuit breaker, rated for use at 400 Hz, shall be subjected to the

tests applicable to the type of circuit breaker as indicated in Table 7.1.1.2 and shall be tested on a 400
120 Hz supply—Samptes—shsa be smis i e

7.11.2 A 400|Hz rated circuit breaker that is the same as a 60 Hz construction, (éxcept for possible
calibration adjustment, shall only be subjected to the calibration test at 400 Hz £20HKz, thg overload test
at 60 Hz, the femperature test at 400 Hz +20 Hz, and the dielectric voltage-withstand test|at 60 Hz if all

pximum ampere rating is 250 amperes or less;
b) Mpximum voltage rating is 240 volts or less; and

¢) Short-circuit interrupting rating is not more than ohe-half of the 60 Hz interrupting rating, but
in no fase more than 5 kA.

7.12 Draw-out circuit breakers
7.12.1 Electr|cal Continuity Test

7.12.1.1 The Eglectrical continuity between:the handle of conductive material, as described |n 6.1.5.6, and
the intended enclosure, and between-any metal part of a draw-out unit intended to be|grounded, as
indicated in Draw-Out Circuit Breakers, Section 6.12, and the member of the stationafy part that is
intended to prpvide the grounding ‘path, shall meet the requirements of 7.12.1.2 and 7.12.1.3.

7.12.1.2 The Electrical continuity shall be such that the resistance does not exceed 0.06 ohmm when tested
as specified in 7.12.1.3.

7.12.1.3 Compliance with 7.12.1.2 shall be determined by measuring the voltage when a qurrent of 30 A
is passed between the parts in question. The current shall be derived from a 48 — 62 Hz| or dc source,
having an opgn.circuit voltage, preferably not exceeding 30 V. A draw-out unit shall be ip any position
providing less than 3.2 mm (1/8 inch) clearance between the disconnect (primary and secondary) and the
associated live part of the stationary unit. The voltage drop shall be measured between the two parts —
within 150 mm (6 inches) of the stationary member to the farthest point on the draw-out unit — and the
resistance shall be computed therefrom.
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7.12.2 Dielectric Voltage-Withstand Test

7.12.2.1 The air gap between the circuit breaker terminals and the stationary terminals of a draw-out
circuit breaker shall be capable of withstanding for one minute without breakdown, the application of a 48
— 62 Hz essentially sinusoidal potential of 1000 V plus twice the rated voltage.

7.13 Series-connected circuit breakers

7.13.1 General

7.18.1.1 This section covers additional requirements for circuit breakers intended to be used on a circuit
having an available fault current higher than its marked interrupting rating by being connected on the load

Side Of an aC UPtab:U UVOTUUITT Ol It PIUtU\Jt;VU dUV;\JU.

7.13.2 Selection of Test Samples

7.13.2.1 The|line-side overcurrent protective device shall be the maximum-~ampere frating for the
combination cpnnected in series in the application in which it is to be used. Thé load-side fircuit breaker
in each group|or subgroup tested shall be as specified in 7.1.11.

7.13.2.2 Ovelcurrent protective devices in the as-received condition/shall be used for the interrupting and
the intermedigte interrupting tests. If agreeable to the submitter andythe testing agency, previously tested
samples may |be used.

7.13.2.3 A fuge used as the line-side overcurrent protectivendevice shall be a Class CC, G, J, L, R, or T
fuse or test limiter. Each fuse shall have such characteristics that, when tested on a singl¢-phase circuit
in accordance with the requirements for the class of fuse, the peak let-through current I, {nd clearing It
would be not [ess than the corresponding values.specified in Table 7.13.2.1, for the ampere rating of the
largest fuse that can be installed in the intended fuseholder. To obtain the required valdes, it may be
necessary to lise a device of a different classor having a higher current rating (l,,). The vajues of I°t and
I, shall be dgtermined at the voltage rating of the fuse. If agreeable to the submitter and the testing
agency, the determination may be madeat the voltage rating of the series combination.

Table 7.13.2.1
Peak-let-through currents and clearing I°t for fuses

Fuse Between threshold 100 kA 200 kA
rating, and 50 kA
Amperes ;-x 103 12t x 103 1, x 108 12t x 103 I, x 108 12t x 108

Class CC Fuses
30 6 7 7.5 7 12 7

Class G Fuses

15 - - 4 38 - -
20 - - 5 5 - -
30 - - 7 7 - -
60 - - 10.5 25 - -

300-Volt Class T Fuses

Table 7.13.2.1 Continued on Next Page
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Table 7.13.2.1 Continued

Fuse Between threshold 100 kA 200 kA
rating, and 50 kA
Amperes I, X 103 12t x 108 I, x 108 1?t x 108 1y X 108 1’t x 10°
30 5 3.5 7 3.5 9 3.5
60 7 15 9 15 12 15
100 9 40 12 40 15 40
200 13 150 16 150 20 150
400 22 550 28 550 35 550
600 29 1000 37 1000 46 1000
800 37 1500 50 1500 65 1500
1200 50 3500 65 3500 80 4000

Class J and 600-Volt Class T Fuses

30 6 7 7.5 7 12 7
60 8 30 10 30 16 30
100 12 60 14 80 20 80
200 16 200 20 300 30 300
400 25 1000 30 1100 45 1100
600 35 2500 45 2500 70 2500
800 50 4000 55 4000 75 4000

Class L Fuses

800 80 10000 80 10000 80 10000
1200 80 12000 80 12000 120 15000
1600 100 22000 100 22000 150 30000
2000 110 35000 120 35000 165 40000
2500 - - 165 75000 180 75000
3000 - - 175 100000 200 100000
4000 - - 220 150000 250 150000
5000 - — - 350000 300 350000
6000 - - - 350000 350 500000

Class RK5 Fuses?P

30 11 50 11 50 14 50
60 20 200 21 200 26 200
100 22 500 25 500 32 500
200 32 1600 40 1600 50 2000
400 50 5000 60 5000 75 6000
600 65 10000 80 10000 100 12000

2 The value for a Class RK5 fuse is to be used when a Class RK1 fuse is specified for overcurrent protection.
b In Canada, Class RKS5 fuses are designated as Class R.

7.13.2.4 A 300 V fuse may only be specified for series combinations with voltage ratings of 120, 127,
120/240, 240, or 277 V.
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7.13.2.5 Fuses used for tests shall be selected from a lot from which samples have been selected and
calibrated to determine that their 12t and I, characteristics comply with the prescribed values called for in
7.13.2.3. Two samples from the lot shall be calibrated if the fuses are of Class CC, G, J, R, or Class T
rated 600 amperes or less, and one sample if the fuses are Class L or Class T rated greater than 600
amperes.

7.13.2.6 If, due to the current versus trip time characteristics of the overcurrent devices involved, devices
used as line-side overcurrent protection do not clear during a test, the devices shall be permitted to be
reused in later tests under either of the following conditions:

a) The devices when retested, do not clear. If the results are acceptable but the devices clear,
the test shall be considered inconclusive and must be repeated.

recorded
5 not show an
rior to

b) Tll‘e internal resistance of each device that is to be reused was measured and
prior tp the first test and is measured again prior to each subsequent test and \doe
incredse. (It may be necessary to allow the devices to cool to room temperature p
subsequent resistance measurements.)

7.13.3 Test H

7.13.3.1 The
characteristic

7.13.3.2 Excq
in the smalle
bending spac
does not excHq
vent in a circy
of any conver
line-side over
breaker, the ¢
per pole. The

7.13.3.2.1 If
pole branch 4
doubled. If thi
series with a

terminals of the two brafich breakers shall be shorted and the line side of the second b
betly tothe source terminal and shall not be connected through a main or fgeder breaker.

connected dir
The maximun]

rocedure

ampacity of leads shall be as specified in Table 6A4.4:2.1. Determination
shall be as specified in Annex C.

5t enclosure with which it is intended to be used, taking into account the
p. Openings shall be permitted in any enclosure if the combined area of al
ed 10 percent of the total external enclosure area and if no opening is dire
it breaker case. The enclosures shalbbe permitted to be connected by lengt
ient trade size. Except for the final branch breaker, each lead, from test te
current protective devices, shall'be not longer than 1.219 m (4 feet) per polg
bmbined length of both the line- and load-side leads shall be not longer than 1
leads shall be connected‘in-accordance with Figure 7.13.3.1.

he required current_cannot be delivered at the reduced voltage rating when t
reaker, it shall be‘permitted to use two breakers in the branch position wi
5 option is used, the second branch breaker shall be installed next to the bra
main or feeder breaker as shown in the left side drawing in Figure 7.13

conductor length, A + B + shorting conductor = 1.2 m (4 ft) Max, shall be m

7.13.3.2.1.1
accordance w

When tested as allowed in 7.13.3.2.1, both branch breakers shall be
ith 7.13.5 — 7.13.10.

h

of test-circuit

pt as permitted by 7.13.3.3 — 7.13.3.6, each overcurrent protective device shall be mounted

required wire
the openings
tly opposite a
(s) of conduit
rminals to the
. For the final
219 m (4 feet)

bsting a single
th the voltage
hch breaker in
3.1. The load
anch shall be

aintained.

evaluated in


https://ulnorm.com/api/?name=UL 489 2019.pdf

121

NMX-J-266-ANCE-2016 ¢ CSA C22.2 NO. 5-16 ¢ UL 489

OCTOBER 24, 2016

Figure 7.13.3.1
Connections for tests
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7.13.3.3 The series overcurrent protective devices shall be permitted to be mounted within the end-use
equipment that is intended to contain them and that is marked for use with the series combination. The
line-side leads to the equipment and shorted load-side leads for the final breaker shall each be not longer
than 1.219 m (4 feet) per pole. The load-side circuit breaker shall be positioned as closely as possible to
the line-side overcurrent protective device.

7.13.3.4 Conduit need not be provided between test enclosures, but the enclosures shall be connected
by a 10 AWG (5.3 mm?) solid copper conductor. If conduit is not provided, the conductors outside the
enclosure shall be restrained to prevent whipping during the test.

7.13.3.5 Fuses used as main devices need not be mounted in an enclosure.

7.13.3.6 Lea =] yIUGtUI thclll 1.213 LI (4 fUUt) ;II :Ullyth oha” bU }JUIIII;ttUd If thcy AAA~A A>3 |||C|Uded In the
circuit as part|of the calibration.

7.13.3.7 When more than two circuit breakers in series are being considered,-each int¢grmediate and
load-side circlit breaker that is being evaluated shall be subjected to a single type 1O” and “CO”
operation, followed by a trip-out test, 7.13.7 and a dielectric voltage-withstand test, 7.13.9. This may
require severgl circuit breakers of the same rating to be used during the tests; but only the one specified
for evaluation|shall be subjected to trip-out and dielectric voltage-withstand tests.

For example, |f four circuit breakers (A, B, C, and D) with the folleWing ratings are being tgsted in series:

Circyit Breaker IC Rating Position
A 100.kA Line-Side
B 65 kA Intermedipte
C 42 kA IntermediEte
D 22 kA Load-Sidle

To evaluate the A-B-C-D combination for the 100 kA rating, each subgroup shall be evaluated with only
the circuit bregkers in that subgroup in the circuit for both type “O” and “CO” operations fgr the rating as
follows:
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Group Evaluation Rating Circuit Breaker
Closed in
"CO” Test
A-B 100 kKA B
A-B-C 100 kKA C
A-B-C-D 100 kKA D

Following the subgroup evaluation, for groups A-B, A—-B—C, and A-B—C-D, circuit breakers B, C, and D
respectively, shall be subjected to a trip-out test, 7.13.7, and a dielectric voltage-withstand test, 7.13.9.

During each e

valuation (A—B, A-B—C. and so forth), the load-side sample shall be selected in accordance

with 7.1.11.1.

7.13.3.8 A fug
least likely to
480Y/277 V, q
by means of 1
a 30 A nonre
the rating of t

7.13.3.9 The
connection is

7.13.3.10 For
functions, the
calibration ang
be tested in aq
in Annex B, R

7.13.4 Closin

7.13.4.1 Ranglom closing shall bewused in all 3-phase tests. In tests in which the circuit is

combination,

electrical degrees of the zerg point of the supply-voltage wave.

f

-7.1.11.1.4

e shall be connected between the enclosure or enclosures and the line termi
arc to the enclosure, or the neutral, if the circuit breaker is rated-208Y/120
r 600Y/347 V ac. The connection shall be made to the load sidéyof the limiti

ewable type acceptable for branch circuit protection having-a voltage rating
e device and an interrupting rating not less than the available current.

ine neutral terminal shall be connected to the system neutral for any cases
required to provide power to an electronics assembly. See 7.5.3.4.

those circuit breakers that also incorporaté equipment ground fault, GFCI
calibration of the additional functionality shall be conducted after the ¢
trip-out tests during the series rating.sequence. The ground fault or arc fault
cordance with Sections 7.4 or 7.5 of\this Standard or by operating the test cirg
ef. No. 24, as applicable.

g Test

controlled closing~shall be used in single-phase tests so that closing ocq

hal of the pole
V, 120/240 V,
ng impedance

0 AWG (5.3 mm?) copper wire, not more than 1.829 m (6 feet) in length. The fuse shall be

not less than

where such a

, and/or AFCI
ircuit breaker
functions shall
uit referenced

closed on the
urs within 10
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7.13.5 Interrupting Test

7.13.5.1 The interrupting test shall be conducted in accordance with 7.1.11.4, except that the length of
leads and the test enclosure shall be as specified in 7.13.3.2 and the tests under "bus bar” conditions
need not be conducted.

7.13.5.2 For Type "O” tests, all overcurrent protective devices shall be fully closed and the test circuit
shall be closed on the series combination.

7.13.5.3 For Type “CQO” tests, all of the line-side overcurrent protective devices in the combination being
tested shall be fully closed and the load side (ultimate) circuit breaker shall be closed on the circuit.

7.13.6 IntermediateinterruptingFest
7.13.6.1 Excqpt as permitted by 7.13.6.2, a series combination having line-side fusésyshdll be tested at
an available qurrent as specified in Table 7.13.6.1 at maximum voltage. A dummy fuse shall be used in
the fuseholder.
Table 7.13.6.1
Test current
Class of Fuse rating, Test current,
fuse in main Amperes Amperes, minimum
RK52 200 9,750
RK52 400 19,500
RK5? 600 29,250
JorT 400 9,000
JorT 600 13,500
LorT 800 18,000
LorT 1200 27,000
L 1600 42,000
L 2000 52,500
L 2500 75,000
L 3000 90,000
L 4000 120,000
L 5000 150,000
L 6000 180,000
2 In Canada, Class RK5 fuses are designated Class R.

7.13.6.2 The tests shall not be required if the required test current is equal to or less than the short-circuit
interrupting rating of the load-side circuit breaker or circuit breakers either individually or in series.

7.13.6.3 With regard to 7.13.6.1, the series combination shall be subjected to the same operations as
described in 7.13.5.2 and 7.13.5.3.
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7.13.6.4 If the line-side overcurrent protective device is a circuit breaker, the series combination — if only
two circuit breakers are being evaluated, or any subgroup of a larger group — shall be subjected to the
same operations as described in 7.13.5.2 and 7.13.5.3 at the maximum current level that causes the
load-side circuit breaker to open without also causing the line-side circuit breaker to open, except that if
it can be shown that the current level is lower than the interrupting rating of the load-side circuit breaker
being evaluated, this test shall not be required. See 7.13.6.6.

7.13.6.5 If the line-side overcurrent protective device is a current-limiting circuit breaker, the series
combination shall be evaluated in the region below the current-limiting threshold of the line-side device,
except that if it can be shown that the current level is lower than the interrupting rating of the load-side

circuit breaker, this test shall not be required.

Z 490 o 4 i

Table 8.1. To

7.13.6.6 With
determine tha
the next highg

7.13.7 Trip-QOut Test

IUyClld tU . 17T9.U.57, UG IIIG./\;IIIUIII wutrTel It :UVU:O oha” bc ;II G.UUUIdCJ.I LA\v3 ] vv;th
the maximum current level used is correct, it will also be necessary to ¢ong
r value of current to determine that the line-side circuit breaker opens,

7.13.7.1 Follg
evaluated sh

7.13.8.1 Calik

7.13.9 Dielec

7.13.9.1 Follg

evaluated shalll be subjected to a dielectric voltage-withstand test as described in 7.1.11.7

7.13.10 Inter

7.13.10.1 The

shall be appli¢d to the combination.of series-connected devices tested. For example, whe

criteria of 7.1,
other Type A
acceptable.

|

7.13.8 Other [functionality calibration test

wing the interrupting and intermediate interrupting tests, the load-side circuit
[l be subjected to a trip-out test as described in 7.1.11.5.

ration shall be conducted as required in 7.13.3.10.
tric Voltage-Withstand Test

wing the interrupting and intermediate, interrupting tests, the load-side circuit

bretation of Test Results
results shall be evaluated in accordance with 7.1.11.8. The evaluation crite

11.8.2 (a), if only one of the circuit breakers in a combination clears the tes
or Type B pefformance result occurs, the overall results of the test shall

uct the test at

breaker being

breaker being

ria of 7.1.11.8
n applying the
circuit but no
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7.14 Interchangeable-trip circuit breakers

7.14.1 An interchangeable trip circuit breaker shall comply with Tables 7.1.1.1 and 7.1.1.2.

7.15 High-int

ensity-discharge (HID) type circuit breakers

7.15.1 A circuit breaker rated 50 A maximum, 480 V or less and intended to switch
high-intensity-discharge (HID) lighting loads on a regular basis, shall in addition to other requirements in
this standard be subject to the Endurance Test, 7.1.5 and the Temperature Test, 7.1.4. See also 9.15.1.

7.15.2 Representative circuit breakers shall consist of three single pole, or one pole of each of three

multipole circuit bre
there is a chang

breakers will

temperature t¢

voltage or lo
temperature 1
7.1.4.1.1 and
determine the
circuit breake

7.15.4 If one
3001 cycles),

performed), eqch cycle followed by measurement'of constant temperatures. To be consider

all three addit

7.15.5 If two
the three circd

7.15.6 If two
temperature n
temperatures
shall comply V

akers of the maximum and minimum ampere ratings of the group to

9th operation, each circuit breaker is to be operated only\te’ close the cg
st. The 1000, 1001, 3000 and 3001 cycles of operation may be performed w
v voltage) or without any supply connected. Except as noted in 7.15.4

7.1.4.1.2, and the temperature limit of the insulating material shall not be
temperature of the insulating material, a thermacouple is to be attached ex
housing directly opposite the stationary contact.

temperature reading exceeds permitted limits (during the 999, 1000, 1001, 3
the circuit breaker is to be operated for three additional cycles (in add

onal temperature measurements_shall comply with the temperature limits.

emperature measurements.on a single circuit breaker or one or more readin
it breakers exceed the limits specified, the results are not acceptable.

readings, one on(edach of two circuit breakers, exceed the limits specified, th
neasurements are to be obtained on each of the two circuit breakers on wh
were recorded: To be considered acceptable, all six additional temperature
vith the témperature limits.

ses on the line and load terminals shall be in ateordance with 7.1.4.2.2

be covered. If
entative circuit

er 999, 1000,
cordance with
50%. After the
ntacts for the
ith supply (full
— 7.15.6, the
and Figures
exceeded. To
ernally on the

P999, 3000, or
ition to those
bd acceptable,

gs on each of

ree additional
ich excessive
neasurements
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7.16 Circuit breakers for use with 16 or 18 AWG wire
7.16.1 General
7.16.1.1 This section covers additional requirements for circuit breakers intended for use with 16 or 18

AWG wire. Circuit breakers intended for use with 16 AWG wire shall be rated 10 A. Circuit breakers
intended for use with 18 AWG wire shall be rated 7 A or less. See also Circuit Breakers for Use with 16

or 18 AWG Wire, Section 9.17.

7.16.2 Circuit Breaker Test Sequences

7.16.2.1 General

7.16.2.1.1 Th
as otherwise
designations 4

7.16.2.2 Tem

7.16.2.2.1 A temperature test shall be conducted in accordance with Sektion 7.1.4, except

7.16.2.2.2.

7.16.2.2.2 Th
1.219 m (4 ft)
(16 AWG for

7.16.2.3 Enddrance test

7.16.2.3.1 If
test shall be @

7.16.2.3.2 Th
breakers and

7.16.2.4 Inter

7.16.2.4.1 An
7.16.2.4.2.

7.16.2.4.2 Th

b selection of samples for circuit breaker tests shall be in accordance with/j}
noted. Wire used in the tests shall be Type MTW or TEW with or(wjtho
nd provided with a jacket.

berature test

of Type MTW copper wire of the size for which.the circuit breaker is intend
0 A circuit breakers and 18 AWG for 7 A circuit breakers).

the circuit breaker has not met the\requirements pursuant to Section 7.1.5,
onducted in accordance with Section 7.1.5 except as modified in 7.16.2.3.2.

b line terminal leads shall"be" Type MTW copper wire and shall be 16 AWG f
18 AWG for 7 A circuit breakers.

rupting test

interrupting.fest shall be conducted in accordance with Section 7.1.7 except

.1.1.2, except
ut other Type

bs modified by

b line terminals of the circuit breaker shall be cofnected to the test circuit terminals using

ed to be used

an endurance

or 10 A circuit

as modified in

b line terminals of the circuit breaker shall be connected to the test circuit t

610 mm (2 ft)

rminals using

of_Type MTW copper wire of the size for which the circuit breaker is intended to be used

(16 AWG for 10 A circuit breakers and 18 AWG for 7 A circuit breakers).
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7.16.3 High Available Fault Current Test Sequence

7.16.3.1 Tests shall be conducted in accordance with Section 7.1.11 except as modified in 7.16.3.2.

7.16.3.2 The line terminals of the circuit breaker shall be connected to the test circuit terminals using 610
mm (2 ft) of Type MTW copper wire of the size for which the circuit breaker is intended to be used (16

AWG for 10 A circuit breakers and 18 AWG for 7 A circuit breakers).
7.16.4 Thermal Withstand Sequence
7.16.4.1 A thermal withstand test shall be conducted as described in 7.16.4.2 — 7.16.4.4.

7.16.4.2 Thertewe

7.16.4.3 Curfent at 5 percent below the instantaneous trip level found in 7.16.4.2(shall
through the circuit breaker. The current shall flow until the circuit breaker thermally itrips.
not be damaged.

7.16.4.4 The wire used shall be Type MTW of the size for which the circuit\breaker is inter
for 10 A circuit breakers and 18 AWG for 7 A circuit breakers).

| be found.

be conducted
The wire shall

ded (16 AWG

7.17 4-pole gircuit breakers
7.17.1 4-polg constructions of the same design as 3-pole:constructions shall be pgrmitted to be
represented by 3-pole constructions, except that the 4-pole construction shall be substituted

construction in Test Sequence Y of Table 7.1.1.2.

7.17.2 4-polg constructions with protected neutrals shall include the neutral pole in
calibration andl trip-out tests in accordance with Table 7.1.1.2, based on its rating.

7.17.3 The r¢
constructions

quirements of 7.1.1.27 and 7#.11.4.1.14 shall apply, except that the neutral
Shall be connected to the“énclosure or mounting surface.

7.18 Joints with insulators

7.18.1 With respect to 6.1.6.9.12, a clamped joint between two insulators shall be tes
samples.

a) The first sample shall have the clamped joint opened up to produce a space 1/
mm) wide, This may be accomplished by loosening the clamping means or by drill

for the 3-pole

the required

pole of 4-pole

ted using two

B inch (3.2
ng a 1/8 inch

diamgter_hole at the joint between the insulators at a point of minimum spacing be

tween the

metal parts on the opposite sides of the joint. The drilled hole shall not decrease spacings
between the opposite polarity parts as measured through the crack between the insulators. The

dielectric breakdown voltage through this hole shall then be determined by applyin

g a gradually

increasing 60 hertz voltage (500 volts per second) to 5000 volts rms or until breakdown occurs.

b) If breakdown occurs on the first sample, the second sample with the clamped joint intact
shall be subjected to a gradually increasing 60 hertz voltage to 5000 volts rms and held for 1
second. The clamped joint is acceptable if there is no dielectric breakdown of the second

sample.
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7.19 Circuit breakers and surge protective devices

7.19.1 Circuit breakers and surge protective devices shall comply with Standard circuit breakers, 7.1, and

Annex B, Ref. No. 22.

7.20 Special purpose not for general use circuit breakers

7.20.1 A special purpose not for general use circuit breaker shall comply with the requirements of Tables
7111 and 7.1.1.2.

8 Ratings

8.1 A circuit hreakershattberatecHramperes—volisantregquency—A—circtitbreakershe

to be rated fo
8.2 A circuit

a) D(
1500

b) Ad
690, 2

ac, dc, or both.
reaker shall have one or more of the following voltage ratings:

: 24, 48, 60, 65, 80, 125, 125/250, 160, 200, 200/400, 250, 400y'500, 600, &
Vdc, in 50 V increments.

1120, 127, 120/240, 208, 208Y/120, 240, 277, 347, 480Y¥/277, 480, 600Y/34
nd 700 to 1000 Vac in 50 volt increments. In addition,~any wye-connected s

with the above mentioned values meets the intent of the/requirement.

8.3 The interi
shall be the v3
shown in Tab

upting rating of a circuit breaker, or a circuit breaker frame with an interchang
lue as prescribed in Table 7.1.7.3, “commoti” for 2- and 3-pole, or one or mor
e 8.1 that are higher.

Table 8.1
Current-interrupting ratings rms symmetrical or dc amperes

7,500 25,000 65,000
10,000 30,000 85,000
14,000 35,000 100,000
18,000 42,000 125,000
20,000 50,000 150,000
22,000 200,000

8.4 The interfupting>tating of a circuit breaker frame with an interchangeable trip unit sha

to be less tha

h that,of the frame in which it is to be used.

| be permitted

nd 650 to

7, 600, 650,
ystem voltage

eable trip unit
b of the values

| be permitted

8.5 If the interrupting ratings of all ampere ratings of a frame size of a non-interchangeable trip circuit
breaker are not the same, all such interrupting ratings shall be permitted to be incorporated in an
appropriate marking if each interrupting rating is clearly associated with the circuit breaker ampere rating
or ratings to which it applies.
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8.6 A current-limiting circuit breaker shall be rated additionally in terms of peak current and It let-through,
together with the frequency related to the let-through values. The rating for peak current and 12t let-through
shall be provided in terms of let-through versus prospective current curve, or in tabulated form. Such
information shall be made available by the manufacturer and shall correlate with the particular circuit
breaker. The let-through for at least the threshold current, interrupting rating current, and one intermediate
point shall be indicated.

8.7 A current-limiting circuit breaker shall have a threshold current rating not more than the lesser of
either:

a) The value indicated in Table 8.2 corresponding to its interrupting-current rating, or

b) 6\ t;IIIUD thU IIIG.I\;IIIUIII \C IR R} It Uf thc U;qu;t banlr\Ul fIaIIIU D;LU.
8.8 A circuit Breaker with equipment ground-fault protection shall have a ground-faulttrip llevel rating.
Table 8.2
Maximum threshold current for interrupting rating
Interrupting rating Maximum threshaold current
Amperes-rms, symm. or DC

5,000 14500

7,500 3,000

10,000 5,000

14,000 7,500

18,000 10,000

20,000 12,000

22,000 14,000

25,000 15,000

30,000 18,000

35,000 20,000

42,000 25,000

45,000 27,000

50,000 30,000

60,000 36,000

65,000 42,000

70,000 45,000

85,000 55,000

100,000 65,000

125,000 85,000

150,000 100,000

200,000 130,000

9 Markings

9.1 General
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9.1.1 Details

9.1.1.1 Location of required markings shall be in accordance with the “Location Categories” given in
Table 9.1. See Table 21.1.1 for location of markings on circuit breaker enclosures.

Advisory Note: For products intended for use in Canada, markings shall be in English or in French and
English; caution and warning markings shall be in French and English. For products intended for use in
Mexico, all markings shall be at least in Spanish. For products intended for use in the United States, all
markings shall be at least in English. See Annex D for suitable translations of caution and warning
markings.

9.1.1.2 A circuit breaker and a circuit breaker frame shall be marked with the manufacturer's name or

trademark, or
designation o
as applicable,

9.1.1.3 For rqg

H1™ E1%N £ | [ P ko £ t3 o 1 eI 1 'H
vWILTT UuiIcCT 1iicalio 171Ul I\JUIIlIIyIIIH ure Trrarnuravuurer, uire o oiouarivar |au||5, art
the equivalent. Location Category B. The symbols ~\» for AC, === for DC;
shall be used. Additional wording may be provided.

commended symbols and abbreviations, see Annex F.

9.1.1.4 The nparking of a circuit breaker shall be durable and legible.

9.1.1.5 Thed
the security w
location.

ptermination of the durability of the marking shall take/inte’ consideration the
th which the marking is attached, and the degree of @buse expected because

9.1.1.6 Ink stamped marking shall not be easily obliterated.

9.1.1.7 Papet
adhesive that

stickers are not acceptable for the marking of a circuit breaker. A paper

moisture or h

9.1.1.8 The

with the type
br " for both,

material used,
of the marking

label with an

has been investigated and found tgybe acceptable and is not subject to dg¢lamination by

at shall not be considered a “paper ‘sticker.”

pere rating of a circuit breaker rated higher than 100 A shall be visible afte

trim or cover. |Location Category B.

9.1.1.9 The

pere rating of a cireuit breaker rated 100 amperes or less shall be molde

etched into; ink-stamped ontoj oy*similarly marked on the handle or the escutcheon areg

breaker so as
handle markin

9.1.1.10 If thg
alone shall bg

to be visible without removing the trim or cover of the enclosure. Location C
g of switches, see 13.4.

ampere-rating marking is placed on the handle of the circuit breaker, the n
considered to be adequate.

r removal of a

I, stamped, or
of the circuit
htegory A. For

imerical value

9.1.1.11 If a circuit breaker has characteristics which may affect adversely its operation under certain
conditions of use, such as that of polarity or position, such characteristics shall be clearly indicated by a
marking on the device. Location Category C.
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Table 9.1

Location of markings circuit breaker

Clause numbers

9.1.11
9.1.1.2
9.1.1.2
9.1.1.2
9.1.1.2

Subject

General

Location

Type designation
Manufacturer's name
Voltage rating
Frequency

Location categories?
(See notes)

T W W

9.1.14
9.1.1.8
9.1.1.9,9.1.1J10

9.1.1.11 - 9.1}1.13
9.1.1.14
9.1.1.15

9.1.1.16
9.1.1.17
9.1.1.18
9.1.1.18

9.1.21-9.1.24
9.1.2.5,9.1.2.
9.1.2.7
9.1.2.8

Q)

9.1.2.9,9.1.2[10
9.1.2.11
9.1.2.12
9.1.2.13

9.1.2.14

9.1.4.8

Durabtity & tegibfiity
Ampere rating — more than 100 A

Ampere rating — 100 A or less
Special characteristics

Line and load

Factory identification

Position Indication

Open and Closed (On and Off)

Trip and Reset

Electrical operation (On and,Off)
Electrical operation (Trip and Reset)

Terminations

CU-AL

Tighteningtorque
Maximumwire size
Muttiple-conductor connectors

60°°C/75° C (140° F/167° F) — 100 A
max or circuit breakers not marked for
use with wire sizes of 1/0 or larger

Separately shipped connectors
Cable connection only
Bus bar sizes

90° C/Aluminum or copper-clad
aluminum wire

Configuration of connections of the

terminals.

B,C
C G

B, C

ve)

9.1.3.1 -9.1.3.3

9.1.1.19
9.1.1.20
9.1.1.21
9.1.1.22

Interrupting Ratings
Ratings
Special Markings
Nonconducting enclosures
Ventilated enclosures

2-pole — 3-phase rated
Multi-wire circuit

B,C

mwwwo

Table 9.1 Continued on Next Page
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Table 9.1 Continued

Clause numbers Subject Location categories?
(See notes)
9.1.1.23 DC rated 3-pole B
9.1.1.24 3-pole — 1 phase rated B
9.1.4.1 40° C C
9.1.4.2 Class CTL C
9.1.4.3 “Delta”-Replacement use only C
9.1.44-91.45 100 percent continuous rated B, C
9.1.4.6 Independent trip B
9.1.4.7 Special purpose not for general use C
9.2.1 Current Tmiting C
9.3.1 Instantaneous trip D
9.8.1 "HACR Type” B
9.10.1 "SWD” B
9.11.1 400 Hz B
9.12.1 Draw-out circuit breaker C
9.15.1 "HID” B
9.17.1 16 or 18 AWG C
9.18.1 4-pole with neutral B
CB/GFCI
9.4.1 "Test” function A
9.4.2 ”Class A” marking C
9.4.3,94.4-9.4.6 Instructions J
9.4.7,9.4.8 Terminal identification C, G
GB/Equipment ground-fault
protection
Ground-fault trip level/”"Equipment
9.5.1 Protection Only” B
9.52-953 Terminal identification C,G
Fused circuit breakers
9.6.1 Line and load B
9.6.2 Identification H
9.6.4 No open fuse tripping B
Adjustable
9.7.1 Instantaneous trip K
9.72-97.4 Type A and Type B B
Remotely-operated

9.9.1 ”"Remotely Operated” B
9.9.2 Equipment label K

Table 9.1 Continued on Next Page
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Table 9.1 Continued

Clause numbers Subject Location categories?
(See notes)

Interchangeable Trip Units

9.14.1 Manufacturer's name K
9.14.3 Ampere rating B
9.14.4 Frame designation & magnetic setting K
9.145 50 A or less C
Rating plugs
9.16.2 Current rating B
Frame designation, manufacturer’s
9.16.3 name, and trip setting K
9.16.4 50 A or less C
Accessories
17.1,17.2 Ratings C
17.3 Shunt trip C
17.4 Separately shipped -
17.5 Separately shipped C
17.6 External dropping resistor C
NOTES

A Marking shall be visible without removing the trim or-cover of enclosure.

B Marking shall be visible without disassembling ortemoving device and shall be visible when the trim or cqver of
enclosure is removed, and may be visible with thelttim or cover in place.

C Marking njay be on any convenient locationy.except on the rear.

D Marking of “TRIPPED” and "RESET” need not be provided if on intended receiving device.
E “ON” and['OFF” marking need not‘be Visible on circuit breaker if on electrical operator.

F Part replagement marking neednat-be visible when removable part is installed.

G Marking shall be visible wheh wire connector is in place.

H

Fuse or high-fault protectoridentification shall be visible when cover over fuse or high-fault protector compartment is
removed.

I Marking may be anywhere on the circuit breaker.
J Shipped wjth circuit breaker.
K Marking nged only be visible after removal of circuit breaker frame cover or equivalent.

2 At the option of the manufacturer, a higner order of focation category may be USed. The order of focation category is A —
K, with A being the highest.

9.1.1.12 If the proper operation or installation of a circuit breaker is dependent upon an insulating barrier,
liner, shield, or similar member being mounted on the circuit breaker or elsewhere, a marking on the circuit
breaker shall be provided indicating the need for the barrier and giving all pertinent information, including
its size and location. Location Category C.
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9.1.1.13 Where the proper operation or installation of a circuit breaker is dependent upon a barrier or
similar member that is part of the circuit breaker, such as a terminal cover, a marking shall be provided
to indicate the need for the replacement of this part. Location Category F. The marking shall not be on the
removable part.

9.1.1.14 Circuit breakers shall be marked “line” and ”load” unless the construction and the test results
are acceptable with the line and load connections reversed. A frame with interchangeable trip units that
complies with6.1.5.13 is not required to be marked ”line” and ”load”. Location Category B.

9.1.1.15 If a manufacturer produces or assembles circuit breakers at more than one factory, each finished
circuit breaker shall have a distinctive marking, which shall be permitted to be in code, by which it may be

identified as the product of a particular factory. Location Category I.

9.1.1.16 A circuit breaker shall indicate clearly whether it is open or closed and such 'mg
visible with a [trim or cover in place except that when enclosed it may require the 6penin
cover or door| Location Category A. For switches see 13.5.

9.1.1.17 If a|circuit breaker handle has an additional or intermediate position which

automatic tripping, that position shall be marked to indicate that the circuit breaker has trippg
breaker has tvo operating poles, either of which may trip independehtly” of the other a
6.1.5.1, the tripping of each pole shall be separately indicated. Instryctions for resetting the
shall be included. See 9.1.1.18. Location Categories B and E. Fof switches see 13.5. Mar
the tripped position and the resetting instructions need not be provided on the circuit brea
provided on the intended receiving device.

9.1.1.18 If thg marking required in 9.1.1.16 to indicateswhether a circuit breaker is in the g
position is no{ readily visible when an electrical operator is installed, the electrical operatq
indicate whetler the circuit breaker is in the ONgor OFF position and may also indicat
breaker is in the tripped position. Location Categories B and E.

9.1.1.19 A cifcuit breaker not intended for-use in a metal enclosure, see 7.1.1.26, sh
”Suitable for yise in a nonconductingenclosure only”. Equivalent wording shall be perm
Category C.

9.1.1.20 A cin
type number,
enclosure and
readily visible

cuit breaker intenided for use only in a ventilated enclosure shall either be m
pr equivalent, of the enclosure with which it is to be used or indicate the pro
location and\size of the ventilating openings. This marking shall be located {
after instalfation. See 7.1.4.2.4 and 18.4.1. Location Category B.

9.1.1.21 A 24pole circuit breaker that has been investigated and found acceptable fo

rking shall be
g of a hinged

it takes upon
d. If the circuit
5 described in
circuit breaker
King indicating
ker if they are

pen or closed
r shall clearly
b if the circuit

all be marked
tted. Location

arked with the
per size of the
vhere it will be

controlling a

3-phase circuit 'shall be permitted to be marked "1¢ — 3¢”. Location Category B.

9.1.1.22 A 3-pole circuit breaker that is intended for use only on a single phase multiwire circuit (one that
includes the neutral or grounded conductor) shall include in its marked voltage rating the term, “Only for
Use in 1-Phase Circuits or equivalent. The neutral pole shall be clearly identified. Location Category B.
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9.1.1.23 A 3-pole circuit breaker that is acceptable for 250 V direct current use shall be permitted to be
marked "250 V DC” if it is clearly indicated that the rating applies to the use of at least two poles to control
the circuit. Location Category B.

9.1.1.24 A 3-pole circuit breaker shall be permitted to be marked, “Also Suitable For Use In Single Phase
Applications up to ___V” or the equivalent if tested in accordance with Note d of Table 7.1.7.3. The
applicable voltage (240V, 480V, or 600V) shall be specified. The marking shall also indicate the poles to
be used, such as, “Use Outside Poles for Single Phase Applications” or “Use Any Two Poles for Single
Phase Applications”. Location Category C.

9.1.1.25 240V, 480V, or 600V rated 3-pole circuit breakers, employing one pole for single phase
applications in wye system, and 208Y/120 V, 480Y/277 V, or 600Y/347 V rated circuit breakers, are

ol ZZAL

o ol = Ll 1 o 1 Pl A IH 3 S
MOV OuUitavic 1T Ul Uot 111 UIIIHIU HTaoct ApPPIivaltvlio Uy Ty

V7, or the

permitted to
equivalent. TH

9.1.2 Terminations

9.1.2.1 The a
in any require

9.1.2.2 A cird
aluminum con
”AL”, “CU/AL

9.1.2.3 A cirg
marked "USE
and found ac
”“AL ONLY”.

9.1.2.4 Acirc
wire only shal
marking shall

9.1.2.5 With 1
values or a 1
connectors fo
Category B.

9.1.2.6 Notwi

1
e TTTIATINCU,

e applicable voltage (120V, 277V, or 347V) shall be specified.

bbreviation “CU” for the word “copper” and “AL” for the word “aldtinum” sha
0 marking.

uit breaker with wiring terminals intended and found aceeptable for use wi
ductors shall be marked “Use copper or aluminum wire% or with the abbreviati
, or the equivalent. Location Category B.

uit breaker with terminals intended and found acceptable for copper wire
COPPER WIRE ONLY” or with the abbreviation “CU ONLY”. If the terminal
eptable for aluminum wire only, the marking shall be "USE ALUMINUM W
ocation Category B.

Lit breaker with wiring terminals‘having a wire range of 14 — 10 AWG (2.1 -
be marked “14 — 10 AWG SOLID”, “14 — 10 AWG SOL.”, or with equivalen

egard to the requirements in 6.1.4.2.3, a circuit breaker shall be marked to sh
ominal value ‘of tightening torque to be applied to the clamping screws
r field wiringy>This marking shall be visible when a front or trim is remg

hstanding 9.1.2.5, a circuit breaker that is 38.1 mm (1-1/2 inch) wide per po

be permitted

[l be permitted

h copper and
bns “CU”, and

only shall be
5 are intended
RE ONLY” or

5.3 mm?) solid
wording. The

be located adjacent to theiterminal and shall be visible after the circuit breaker has been
installed in theg intended manner. Location Category B.

ow a range of
pf all terminal
ved. Location

e or less shall

oshave the marking at any convenient location on the circuit breaker excey

t on the rear.

Location Cate

gory C.

9.1.2.7 If the terminals of a circuit breaker will not acceptably hold the next larger size conductor than that
required, the circuit breaker or the terminal shall be marked to indicate the maximum wire size. This
marking shall be visible when the connector is in place. See 6.1.4.2.13. Location Categories C and G.
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9.1.2.8 If a terminal is acceptable for the connection of more than one conductor in the same opening and
is intended for such use, the marking shall indicate the proper connection. Location Category C.

9.1.2.9 A circuit breaker, circuit breaker frame, or interchangeable trip unit rated 100 A or less or that is
not marked for use with wire sizes of 1/0 or larger, shall be marked as being suitable for 60°C (140°F),
75°C (167°F) only, or 60/75°C (140/167°F) wire, except that if the circuit breaker frame is so marked, the
interchangeable trip unit need not be marked. The degree sign (°) is optional. Location Category B.

9.1.2.10 A circuit breaker that is 38.1 mm (1-1/2 inch) wide per pole or less shall be permitted to have the
markings specified in 9.1.2.9 at any convenient location on the circuit breaker except on the rear. Location

Category C.

9.1.2.11 If press

shipped, the

connectors or
frame. A wire
circuit breake
conductor. A
trademark. Lo

9.1.2.12 A cir
7.1.4.1.17 ang

9.1.2.13 Whe|
Table 7.1.4.1.
Category B.

9.1.2.14 Acir

has a temperature rise on a wiring terminal exceeding 50°C (90°F), see 7.1.4.3.1 and 7.1.

marked, Loca

a)
ampa

b)
with &
circuit

For use with 90°C (194°F)-wire and the wire size. The wire size shall be base

T¢ indicate that wire'connectors used shall be identified AL9, CU9AL, or AL9Q

circuit breaker or circuit breaker frame shall be marked stating which ,pre
component terminal kits are acceptable for use with the circuit breaker, or
connector of the type mentioned in the marking may be installed on the cird
r frame at the factory with instructions, if necessary, to effect proper con
terminal kit shall carry a marking identifying the wire size and*manufactu
cation Category C.

cuit breaker rated more than 4000 A intended for cable ‘enly connections ag
7.1.4.1.18 shall be marked for cable connection only,*Location Category B.

h a circuit breaker has been tested using bus bats larger or smaller than tho

Cuit breaker that is intended to be operated continuously at 100 percent of its

ion Category B:

ity of 75°C rated conductors as indicated in Table 6.1.4.2.1.

uminum or copper-clad aluminum conductors, unless connectors are provids
breaker.

aker frame as
ssure terminal
circuit breaker
uit breaker or
hection of the
rer's name or

mentioned in

e specified in

B, it shall be marked to show the minimum size bus bar with which it can be lised. Location

rating and that
1.3.2, shall be

i on the

U, if for use
ed on the
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9.1.3 Interrupting Ratings

9.1.3.1 A circuit breaker having an interrupting rating other than 5 kA shall be marked with the interrupting
rating or ratings for which it has been found acceptable, in accordance with 8.3. The marking shall include
the words “Interrupting Rating(s)” or ”"Current Interrupting Rating(s)”, and may include the words
“Maximum RMS Symmetrical”, abbreviation thereof, or any portion thereof. An asymmetrical rating shall
not be indicated. Where more than one value of voltage is associated with the interrupting ratings, all
values of voltage shall be shown with the associated values of current.

9.1.3.2 Except as permitted by 9.1.3.3 the current-interrupting rating of a circuit breaker shall be located
where it will be visible when a front or trim is removed. If there is more than one interrupting rating marked

on the circuit breaker, all such ratings shall appear together. Location Category B.

9.1.3.3 Acirc
marking at an

9.1.4 Specia

9.1.4.1 A cirg
marked “40 C
40°C shall be
affected by an

not required for electronic trip breakers but it is optional. Location Category C.

9.1.4.2 A circ
assemblies sH
after installati
appliance bra
use in a lighti

9.1.4.3 A delt
to a bus stru
Category C.

9.1.4.4 A cirg
rating rated o
”Suitable for g
(Cat. No.) __|
permitted. Log

!

Lit breaker that is 38.1 mm (1-1/2 inch) wide per pole or less shall be permitt
y convenient location on the circuit breaker except on the rear. Location Cats

Markings

uit breaker meeting calibration requirements at 40°C (104SF) shall be pe
’. A circuit breaker frame and interchangeable trip unit meeting calibration re
permitted to have the trip unit only marked “40 C”. An electronic trip circuit
nbient temperatures and therefore meets calibration’requirements at 40 °C. 1

Lit breaker that is required to be or is optionally ' marked to show intended use
all be marked “Class CTL” or “CTL". See6:1.1.8. This marking is not requirg
bn. Location Category C. A “half-size? circuit breaker intended for use ir
ch circuit panelboard shall be marked,“Class CTL.” A “full-size” circuit break
g or appliance branch circuit panelboard shall be permitted to be marked ”C

b circuit breaker (a 3-phase,-8-pole circuit breaker having provision for two pg
cture and a third isolated\pole) shall be marked “For Replacement Use O

uit breaker, having)a frame size of 250 A or greater, or a multi-pole type ¢
er 250 V; and'intended for continuous operation at 100 percent of rating, sh
ontinuous eperation at 100 percent of rating only if used in a circuit breaker ¢
| or in-adcubicle space ___ by ____ by ___ mm (inches)”. Equivalent wo
ation Category C. The blanks are to be filled in with the minimum dimension

bd to have the
bgory C.

rmitted to be
quirements at
breaker is not
[he marking is

in Class CTL
d to be visible

a lighting or
br intended for
lass CTL.”

les connected
nly”. Location

f any ampere
all be marked:
nclosure Type
rding shall be
S.

9.1.4.5 Excef

t*as indicated in 9.1.4.4, a circuit breaker shall not be marked for continuouy

s operation at

100 percent of rating.

9.1.4.6 A 2-pole independent trip circuit breaker shall be marked ”“Independent Trip

7"
)

or the equivalent. See 6.1.5.1 and 8.3. Location Category B.

No Common Trip”,
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9.1.4.7 Circuit breakers having special features limiting their suitability to specific applications shall be
marked “Special Purpose Not For General Use”. Location Category C. Instructions shall be provided by
the manufacturer detailing the applications.

9.1.4.8 DC circuit breakers that are required to be wired in series shall be marked to indicate the proper

configuration of connections of the terminals. If there are multiple configurations, a separate document

shall be included with the circuit breaker, and the circuit breaker shall be permanently marked with

wording that reads, “For the proper configuration of connections of the terminals, refer to Publication No.
provided with this circuit breaker.” The document shall include:

a) The manufacturer's name and type designation or equivalent;

b) P :IUGtIUII IIUIIIbUI (:l.II\AJI datc T U\.‘u;VG:UI It,

c) The current ratings, voltage rating, number of poles; and

d) Alschematic of each of the intended wiring configurations.
9.2 Current-ljmiting circuit breakers
9.2.1 If intended for such use, a circuit breaker that has been investigated and found to comply with the
requirements for current-limiting circuit breakers shall be marked(”€urrent-Limiting”. The ¢urrent-limiting
symbol in Taldle F2.1 may also be marked on the device. In addition, the circuit breaker shall be marked
with the rating mentioned in 8.6 or it shall be marked to, indicate the source of the information. This
marking shall [not be required to be visible after installation. Location Category C.

9.3 Instantarjeous-trip circuit breakers

9.3.1 Instantgneous-trip settings on an instantaneous trip circuit breaker shall be marked on the circuit
breaker, and ¢lesignations in code shall be permitted. Location Category D.

9.3.2 An instantaneous-trip circuit breaker shall not be marked with an interrupting rating jn accordance
with 9.1.3.1.

9.4 Circuit breaker and ground-fault circuit-interrupters

9.4.1 The supervisory (test)switch of a circuit breaker and ground-fault circuit-interrupter (¢B/GFCI) shall
be marked “Test” to idéntify its function. Location Category A.

942 A CB/G[CCI shall be marked Class A. Location Category C.

9.4.3 CB/GFCI instructions shall be provided for correct operation of the supervisory (test) circuit, and the
need to test monthly. Location Category J.

9.4.4 There shall be packaged with each CB/GFCI instructions to guide the installer. Location Category
J.
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9.4.5 Users of a CB/GFCI shall be informed that they are not protected in the event that they should
contact more than one conductor of a circuit. This information need only be in the literature packaged with
the device. Location Category J.

9.4.6 Information provided with a device intended to control a 120/240 V single-phase, 3-wire circuit or a
120/208 V circuit derived from a 3-phase, 4-wire supply shall include the following notice or the equivalent
— Location Category J: “To obtain maximum protection against electric shock, electric ranges and clothes
dryers whose frames are grounded by connection to the grounded circuit conductor should not be
connected to the load circuit of this device”.

9.4.7 At least three of the four terminals of a single-pole CB/GFCI and all but one of the terminals of a
multipole CB/GFCI shall be identified. This marking shall be permitted to be on the side of the circuit

a0

breaker. Loca

9.4.8 Terming
identified by th
color. The col

9.5 Circuit b
9.5.1 A circui
a) Wi

b) Wi
break

9.5.2 At leas
ground-fault ¢
ground-fault pj
breaker. Loca

9.5.3 Terming
the grounded
shall be a red|
C and G.

i Lot H o
ot UGlUBUIIUO o Allu .

Is of a CB/GFCI intended to be connected to the grounded circujt(cond
e color white. The identification of other terminals shall be a readily distinguis
br green shall not be used. Location Categories C and G.

eakers with equipment ground-fault protection
breaker with equipment ground-fault protection shall be‘marked as follows:
th its ground-fault trip level in mA where visible afterinstallation. Location Cg

th the following wording or an equivalent abbreviation thereof on the front of
br: “Equipment Protection Only.” Location/€dategory B.

three of the four terminals of a.120'V or 127 V rated circuit breaker w
rotection and all but one of the terminals of a multipole circuit breaker w
rotection shall be identified. This-marking shall be permitted to be on the sid
ion Categories C and G.

Is of a circuit breaker.with equipment ground-fault protection intended to bg
circuit conductor shall be identified by the color white. The identification of g
dily distinguishahle)different color. The color green shall not be used. Locati

Lictor shall be
hable different

tegory B.

the circuit

ith equipment
ith equipment
b of the circuit

connected to
ther terminals
on Categories
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9.6 Integrally fused circuit breakers and high fault protectors

9.6.1 A fused circuit breaker shall be marked ”line” and “load”, with the “load” marking on the same side
of the contacts as the fuses or high-fault protectors. Location Category B.

9.6.2 A fused circuit breaker or fused high-fault module shall be marked to indicate, by specific catalogue
numbers or the equivalent, the fuses or high-fault protectors that have been found by investigation to be
acceptable for use therein. The marking shall be visible when the cover over the fuse or high-fault
protector compartment is removed. Location Category H.

9.6.3 An accessory high-fault protector shall be marked to indicate the specific type number or equivalent
of the circuit breakers with which it is intended to be used.

N main current

9.6.4 An integ
let-through, fr
protectors shd
6.6.3. Locatio

9.7 Adjustabje circuit breakers

9.7.1 Acircuit

rally fused circuit breaker that does not automatically trip by signal, other,tha
bm fuses or high-fault protectors upon the clearing of one or more{fuse
Il be marked “"OPEN FUSE TRIPPING NOT PROVIDED” or an equivalent
n Category B.

breaker that has an adjustable instantaneous means for tripping shall be mar|

5 or high-fault
wording. See

ked to indicate

at least the rating of the minimum and maximum settings. This marking shall either be in amperes or as

a percentage
permitted to b

9.7.2 A Typ¢
percentage (q
adjustment se

9.7.3 A Type
which it is set

9.7.4 Each ¢
defined settin

9.7.5 A circui
the following {
Protection On

!

of the ampacity. Where an interchangeable trip<unit is provided, this ma
e on the trip unit. Location Category K.

r other similar) markings, or with distinct current markings for each conti
tting. See 6.7.5. Location Category. B:

B adjustable circuit breaker shall-have provision for being marked with the an
and shall show this as the rating when so set. See 6.7.4. Location Categor

ntrol of an adjustable, cirCuit breaker shall be plainly marked as to its effeq
points. Location Category B.

breaker that has an adjustable ground-fault function shall be permitted to b
vording or an.equivalent abbreviation thereof, on the front of the circuit breakg
y” . Locdtion Category B.

rking shall be

A adjustable circuit breaker shall besmarked with a single ampere rafing, and with

huous current

hpere rating to
B.

t, with clearly

e marked with
r, "Equipment
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9.8 Heating, air conditioning, and refrigeration (HACR) circuit breakers

9.8.1 A circuit breaker intended for group installation may be marked "HACR Type” or "HACR”. Location
Category B.

9.9 Remotely-operated circuit breakers

9.9.1 A remotely-operated circuit breaker shall be marked, “"Remotely Operated”. Location Category B.
9.9.2 A remotely-operated circuit breaker shall be furnished with a separate label marked
“Remotely-operated circuit breakers installed in this equipment” and instructions for attaching the label to

the equipment. The instructions shall indicate that the separate label shall be visible after attachment

Without remo .I IU thc UqU;PIIIUI It tl;lll Ul UUVTT. LU\JGt;UII Catcyuly :(.

9.9.3 Installgtion instructions shall be provided with the circuit breaker identifying|any Class 2
remotely-operpted circuit and indicating the necessity to separate the Class 2 circuits fronp electric light,
power and Class 1 circuits.

9.10 Switching duty (SWD) rated circuit breakers
9.10.1 A circliit breaker intended to switch fluorescent lighting loads en a regular basis and complying
with Switching Duty (SWD) Rated Circuit Breakers, Section 70"shall be marked "SWD”. Location
Category B.
9.11 400 Hz rated circuit breakers

9.11.1 A circyit breaker rated 400 Hz shall be marked “400 Hz". Location Category B.

9.12 Draw-out circuit breakers

9.12.1 A dray-out circuit breaker shall pe-marked with the catalog number of the receiving device.
Location Category C.

9.13 Series-gonnected circuit breakers

9.13.1 The inferrupting rating_of a series combination shall not exceed the marked interrypting rating of
the line-side gvercurrent protéctive device.

9.13.2 The inferrupting’rating of a series combination shall not be marked on any circuit preaker, but a
circuit breakef shall be permitted to be marked to refer to a drawing or the like tha{ contains the
interrupting rating!
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9.14 Interchangeable-trip circuit breakers

9.14.1 An interchangeable-trip unit shall be marked with the following:
a) The manufacturer’'s name or trademark;
b) The rating in amperes;

c) The frame or frames for which it is intended; and

d) The minimum and maximum settings of the adjustable magnetic means for tripping unless

provided as part of the circuit breaker marking.

9.14.2 Notwithstanding 9.14.1, the marking indicating the frame or frames for which it is

not be providgd if the instructions provided with the trip unit instruct the user on the groper
unit — frame designation or designations and the like. The rated current I,, and the lcurrer
adjustable trig units shall be marked or displayed on the trip unit. The current Sefting may
amperes or a$ a multiple of the rated current. Means shall be available to read‘the display
the state or status of the circuit breaker (i.e., closed or opened).

9.14.3 The cyrrent rating (l,) shall be visible when a trim or cover issremoved. The numerid
shall be congidered acceptable if the word amperes, or abbreviation thereof appears
adjacent to thg trip unit numerical value of rating. Location Catégory B.

9.14.4 The mprking of the frame designation, the manufacturer's name, and the adjustablg
setting need gnly be visible after removing the frame covér. Location Category K.

9.14.5 An interchangeable trip unit rated at 50 .A>0r less shall be clearly marked “NOT
DWELLING UNITS”. Location Category C.

9.14.6 The interrupting ratings of all the Gircuit breaker frames with interchangeable trip

ntended need
use of the trip
t setting I, for
be marked in
regardless of

al value alone
on the cover

magnetic trip

FOR USE IN

units shall be

marked on th¢ circuit breaker frame. Each’interrupting rating shall be clearly associated wjith the current

rating (I,) of the trip unit. Interrupting ratings shall not be marked on interchangeable trip u

9.15 High-intensity-discharge (HID) type circuit breakers

9.15.1 A circliit breaker dntended to switch HID lighting loads on a regular basis and g
Performance + HID Type-Circuit Breakers, Section 7.15 may be marked "HID”. Location G

nits.

omplying with
ategory B.
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9.16 Rating plugs

9.16.1 A rating plug shall be marked with the manufacturer’'s name or trademark, the rating in amperes
and the frame for which it is intended. The minimum and maximum settings of the adjustable magnetic
means for tripping need not be provided if they are provided on the circuit breaker.

9.16.2 The current rating (l,) shall be visible when a trim or cover is removed. The numerical value alone
shall be considered acceptable if the word amperes, or abbreviation thereof appears on the cover
adjacent to the trip unit numerical value of rating. Location Category B.

9.16.3 The marking of the frame designation, the manufacturer's name, and the adjustable magnetic trip

setting need only be visible after removing the rating plug. Location Category K.

9.16.4 A circl
shall be clearl

9.16.5 The in
circuit breaker
rating plug. In

9.17 Circuit breakers for use with 16 or 18 AWG wire

9.17.1 A cirg
requirements
(16 AWG for
9.18 4-pole

9.18.1 A 4-pd
percentage in

MOLDED CA
10 Construct

10.1 All type

it breaker or an interchangeable trip unit that may accept a rating plug rated
y marked “NOT FOR USE IN DWELLING UNITS”. Location Category.C:

frame. Each interrupting rating shall be clearly associated with the current re
errupting ratings shall not be marked on rating plugs.

uit breaker having a rating less than 15 A that has been found to co
pbf Section 7.16 shall be marked as intended for.use with 16 or 18 AWG wire
0 A circuit breakers and 18 AWG for 7 A circuit breakers). Location Catego
Circuit breakers

le circuit breaker shall have the<fourth (neutral) pole marked “Protection
ficated shall be 0, 50 or 100. kocation Category B.

SE SWITCHES
ion

ht 50 A or less

ferrupting ratings of all the circuit breaker frames with rating plugs-shall be farked on the

ting (I,) of the

mply with the
QS appropriate
y C.

_% 1,”. The
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10.1.1 General

10.1.1.1 The general details of a switch shall comply with 6.1.1.1 — 6.1.1.6.

10.1.2 Corrosion Protection

10.1.2.1 The corrosion protection of a switch shall comply with Corrosion Protection, 6.1.2.

10.1.3 Cases — Insulating Material

10.1.3.1 Insulating material of a switch shall comply with Cases — Insulating Material, 6.1.3.

10.1.4 Current-CarryingParts

10.1.4.1 Gen

10.1.4.1.1 Th

10.1.4.2 Ternpinals

10.1.4.2.1 Th

10.1.4.3 Wirin

10.1.4.3.1 Th

10.1.5 Operating Mechanism

10.1.5.1 The

10.1.5.2 If an
Access to an

interfering with the mechanism shall.require dismantling of the switch or the breaking of a

the switch is i

bral

b general details of a switch shall comply with General, 6.1.4.1.

b terminals of a switch shall comply with Terminals, 6A1.4-:2.
g leads

b wiring leads of a switch shall comply with Field Wiring Conductors, 6.1.4.3

pperating mechanism of a switch shall comply with 6.1.5.1 — 6.1.5.6.

instantaneous response release mechanism is provided, it shall be presq
internal mechanism with-"an”instantaneous response release and tampering

mechanism o

10.1.5.3 Any |means for sealing a switch with an instantaneous release mechanism shal
breaking or rgmoving.if\shall be plainly evident. Paper or cloth shall be permitted to be u
indicator, but hall net-be used as a means for holding parts together.

10.1.5.4 An ¢gnclosed fused molded case switch shall include an interlock that will prevent

htended to have fieldvinstalled accessories, the seal shall be permitted to be
ly.

t and sealed.
, changing or
seal, except if
bn the release

be such that
sed as a seal

access to the

fuses unless t

10.1.5.5 The

he switch is in the OFF position.

blade or ferrule of a fuse shall not be used as a switch contact.
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10.1.6 Spacings

10.1.6.1 The spacings of a switch shall comply with Spacings, 6.1.6.

10.2 Draw-out switches

10.2.1 Draw-out switches shall comply with Draw-Out Circuit Breakers, Section 6.12.

11 Performance

11.1 General

11.1.1 Detailg

11.1.1.1 Switghes shall comply with the general performance requirements of 7.1.1,14-7.

additional general requirements of Section 11.1.

11.1.1.2 Excgpt as permitted by 11.1.1.3, the performance of a switch shall be/investigateg

representativeg sets of samples in commercial form to the applicable tests.indicated in Tablg

test sequence for Tests 1 — 4 shall be as specified in Table 11.1.1.1. No ¢onditioning of th

take place dyring or between tests. During the test program a switch shall be mounte

position that would normally cause the line terminals to be at the top, Sets of samples shall

as indicated ill\ Table 11.1.1.2. Separate samples shall be permitted for the remaining test
|

in the descripfion of the tests.

1.1.23 and the

by subjecting
11.1.1.1. The
e switch shall
d in a vertical
be constituted
s as indicated

Table 11131
Tests?

Test Section
1.  Tempergture 11.1.2
2. Overloadl 11.1.3
3. Endurance 11.1.4
4. Dielectrig voltage-withstand 11.1.5
5. Short cirfcuit current\withstand 11.1.7.2
6. Mechanical 11.1.6.1
7. Electrical continuity 11.2.2
8. Power level determination 11.1.6.4
9. Contact opening® 11.1.7.6

b See 11.1.1.10 and 11.1.1.11.

2 Only 1 — 4 are to be conducted in sequence and in the order given on the same set of samples.
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Table 11.1.1.2
Sets of samples

Ampere rating Samples per set?

0-225 3 or4;see 7.1.1.23

226 — 400

401 and higher 1

second samp

2 |f a switch is not marked ”line” and ”load”, one sample is to be tested with reversed line and load connections or an
additional sample of each test set shall be provided. When only one sample constitutes a test set for operating tests, a

le is required for reversed line-load connection tests. For reversed line-load connections see 11.1.1.9.

11.1.1.3 A s\
circuit breake
for an instantd

11.1.1.4 The
unless basic
but more than
Overload and
consideration
(167°F) wire s

11.1.1.5 If th¢ marked rating of a switch includes both alternating and direct current, or

rating does nq
The ac rating
ordinarily be
maximum am

a) O

b) D

11.1.1.6 A 2-
corner-ground
endurance tes

11.1.1.7 In th
enclosure in g

nuirements for
active, except
st, 11.1.7.

itch that is identical to a molded-case circuit breaker that complies with the(re
s in this standard, and that the release element is either omitted or made" in
neous release mechanism, shall only be tested as indicated in Withstand Te

m rating only,
125 A or less,
elected for the
ing(s) for test,
versus 75°C

nvestigation of a switch shall require complete testing of sets of’the maximy
lesign differences are present. If the frame size includes ampere ratings of
30 A, that are to be marked for use with 75°C (167°F) wire, ratings shall be s
Temperature Tests based on the use of 75°C wire (167°F). In selecting the ra
should be given to the relative heat dissipating effeét of the 60°C (140°F
ize for the particular ampere rating.

if the marked
e determined.
c rating it will
that has the

t exclude one or the other, the acceptability’of the use of both ratings shall b
shall be verified by the test program described in 11.1.1.2. To verify the d
necessary only to additionally subjeet a previously untested sample set
bere rating of the frame size, to:

verload and endurance tests\with dc; and
electric voltage-withstand-tests with ac.
bole switch that fras ‘an additional marking to indicate that it may be used

ed, delta circuit shall be caused to control 3-phase test circuits during the
ts. See 9.1.1\21.

on a 3-phase
overload and

e overlead, endurance, and short-circuit withstand tests, a switch shall be mounted in an
ccaordance with the requirements of 7.1.1.25.

11.1.1.8 In th

€ overload, endurance, and short-circuit withstand 1ests, a fuse, as specified in 7.1.1.26,

shall be connected as shown in Figures 7.1.5.1 and 11.1.1.1 to indicate arc over.
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Figure 11.1.1.1
Circuit for withstand and closing tests

3-PHASE 1-PHASE

&a
g
e

X — Variable tap air-core ‘reactor

R — Variable resigtor.

SW — Closing switch — may be located as shown or ahead of limiting impedance
F — Enclosure fuse

D — Device under test

R — Coaxial shunts for metering current

OC — Current-limiting fuses or circuit breakers used during test
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11.1.1.9 If a switch is not marked ”line” and “load”, one sample of each set tested, or one additional
sample, shall be connected with the line and load connections reversed during the overload and
endurance tests. When an additional sample is used, it shall also be subjected to the dielectric
voltage-withstand test.

11.1.1.10 An electrically tripped switch intended and marked for use as a disconnecting device in
conjunction with Class 1 ground-fault sensing and relaying equipment shall have means to prevent
automatic opening (lockout) if the current in any phase exceeds 850 percent of the switch ampere rating
unless tested in accordance with Item 4 of Table 11.1.1.3.

Table 11.1.1.3
Circuit-opening — current multiplier

Item Type of switch Test curren
1 Electrically tripped 10 timles ratefd
2 Electrically tripped — for use with Class 10 times ratefd

Il ground-fault sensing and relaying
equipment
3 Electrically tripped — with integral 10 times rated

lockout (see 11.1.1.10) — for use with
Class | ground-fault sensing and
relaying equipment

4 Electrically tripped — withogt, integral 10 times ratefd
lockout (see 11.1.1.10).% for use with
Class | ground-fault . sensing and
relaying equipment

11.1.1.11 A sjitch which includes a shunt reléase (electrically tripped) shall be tested in agcordance with
11.1.7.6.

11.1.2 Tempe¢rature Test

11.1.2.1 The| temperature test\vequirements of 7.1.4.1.4 — 7.1.4.2.4, 7.1.4.4 and the additional
requirements pf 11.1.2.2 — 14.1.2.3 shall apply to switches.

11.1.2.2 A switch shalkbe'installed and operated in the smallest enclosure in which it is intended to be
used until corfstant temperatures are obtained. Ventilation openings shall be permitted in pnclosures for
switches rateq 400 A or more.

11.1.2.3 For the Test, The temperaiure of the ambient air shall be within a range of 10 — 40°C (50 — 104°F).

11.1.2.4 Except as noted in 11.1.2.5, a fused molded-case switch shall be tested using dummy fuses in
place of regular fuses.

11.1.2.5 A fused molded-case switch employing Class T or L fuses or 400 or 600 A Class J fuses shall
be tested with fuses in place and while carrying 80 percent of its rated current.
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11.1.3 Overload Test

11.1.3.1 A switch shall be capable of performing successfully when operated under the overload
conditions of Overload test, 7.1.3.

11.1.3.2 A fused molded case switch shall be tested using dummy fuses in place of regular fuses.
11.1.4 Endurance Test

11.1.4.1 A switch shall be capable of performing successfully when operated under the conditions of
Endurance test, 7.1.5.

11.1.5 Diele

11.1.5.1 A switch shall be capable of performing successfully when tested under\the| conditions of
Dielectric voltage-withstand test, 7.1.9.

11.1.6 Misce|laneous Tests

11.1.6.1 Mechanical test

11.1.6.1.1 Switches shall comply with the mechanical test requirements of 7.1.10.1.
11.1.6.2 Barrier and liner test

11.1.6.2.1 A barrier or liner less than 0.71 mm (0.028 jinch) thick used in accordance with §.1.6.1.11 shall
comply with the requirements of 7.1.10.2.

11.1.6.3 Conformal coating test
11.1.6.3.1 Conformal coatings shall be judged in accordance with the requirements of 7.1{10.3.
11.1.6.4 Powegr level determination test

11.1.6.4.1 The power level of the ‘secondary winding of a transformer shall be determined fand limited as
specified in 7.[1.10.4.
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11.1.7 Withstand Test
11.1.7.1 General

11.1.7.1.1 To determine if a switch complies with the requirements for short-circuit current withstand,
low-level dielectric voltage-withstand, and closing, a representative sample of each ampere rating shall be
subjected to the applicable tests indicated in Table 11.1.7.2.1. A switch marked with two or more
short-circuit ratings shall be tested at each rating, unless a test at any one rating is representative of the
performance at the other ratings. See 12.2 and 13.7 — 13.11. Oscillograph recordings, or an equivalent
method, shall be used to determine circuit characteristics. See Annex C.

Table 11.1.7.2.1
Shert-eiretit +withstand-test

SHort Maximum specified Instantaneous Notes
cirpuit overcurrent release
raiing protection mechanism
ampere rating in switch
10 kAlor less Not more than switch With 3
10 kAlor less Not more than switch Without —
10 kAlor less More than switch With E
10 kAlor less More than switch Without .
Over|10 kA Not more than switch With g
Over|10 kA Not more than swifch Without —
Over |10 kA More than\switch With o
Over|10 kA More than switch Without .
2 A switch thatfis identical in construction and ratings to a molded-case circuit breaker that complies with the rpquirements in
this Standard gnd in which the reléase element is either omitted or made inactive, except for an instantaneouq release
mechanism, ng¢ed not be tested.
b Tests descrijed in Withstand Test, 11.1.7 are to be conducted with the available current adjusted to a value|just below the
pick-up curren{ of the instapntaneous trip of the switch.
11.1.7.1.2 A gwiteh shall be tested in the smallest enclosure (box and cover) in which it is |ntended to be
used. Openings'shall be permitted in the enclosure, if the combined area of all openings daes not exceed

10 percent of the total external enclosure area, and if no opening is directly opposite a vent in the case
of the switch. If the enclosure includes a door, it shall be closed and secured by its latch during the
short-circuit withstand test. No bolt or lock shall be used unless it is the only securing means.
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11.1.7.2 Short-circuit current withstand test

11.1.7.2.1 A circuit capable of providing the maximum short-circuit current for which the switch is rated
shall be closed on a previously untested sample. The switch shall withstand the designated current until
the overcurrent protective devices open. For a switch not marked as requiring a specific circuit breaker or
fuse, the test current shall be maintained for 3 cycles or the time required for an instantaneous release

mechanism to

respond. After the circuit is opened:

a) The fuse connected to the enclosure shall not have cleared.

b) There shall not be any breakage to the extent that the integrity of the mounting of live parts

is impaired.
¢) Aldoor shall not have opened. Deformation of the enclosure shall be considefed to be
accepjtable unless live parts are accessible to the articulated probe shown in(Figune 11.1.7.2.1.

dy T
switch

e) The contacts shall be permitted to weld provided that the operating handle stay

positig
capab

11.1.7.2.2 Fof the test specified in 11.1.7.2.1:

e switch shall be capable of being opened manually with its opefating handle, and the

contacts shall be capable of being reclosed.

n. The weld shall be broken by operating the handle,/and the switch contac
le of being reclosed.

s in the ON
s shall be

a) The open-circuit voltage of the power-supply-¢ircuit shall not be less than the maximum

rated foltage of the switch.

b) The available short-circuit rms symmetrical current in amperes shall not be les

markeg

c) TH

branch-circuit use. The fuse.shall have a voltage rating not less than the rating of

being
enclos
AWG

shall be permitted.t0-be connected to the grounded conductor, if the switch is inte

on a ¢

d) F

d short-circuit current rating ofithe switch.

e test enclosure shall be‘c¢onnected through a 30-A nonrenewable cartridge
tested. It shall be connécted to the pole of the switch considered least likely
ure. This connection shall be made to the load side of the limiting impedanc
(5.3 mm?) copper wire having a length of 1.22 — 1.83 m (4 — 6 ft), except th

rounded system.

r Withstand Test of 10 kA or less:

5 than the

fuse rated for
he switch

to arc to the
e by a 10

t the fuse
ded for use

1) The circuit shall be as indicated in Figure 11.1.1.1. External overcurrent protective

devices shall be connected where the “OC” symbols are indicated, see 11

2) The power factor of the circuit shall be 0.45 — 0.50, lagging.

e) For Withstand Test Greater than 10 kA:

1) The circuit shall be as indicated in Figure 11.1.1.1 and shall include th
measuring equipment and the fuse-mounting means. A circuit breaker sha
specified for use with the switch.

2) The power factor of the circuit shall be as specified in Table 7.1.7.4.

1.7.2.3.

e necessary
Il be used if
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11.1.7.2.3 The overcurrent protective devices specified in 11.1.7.2.2(d) shall be externally-connected
Class H fuses of the maximum rating for the case size of the rating specified or circuit breakers of the type
and rating indicated by the marking.

11.1.7.2.4 The overcurrent protective devices specified in 11.1.7.2.2(e) shall be externally-connected
fuses as described in 11.1.7.2.7 — 11.1.7.2.9 or circuit breakers as marked on the switch.

11.1.7.2.5 The tests specified in 11.1.7.2.1 shall be permitted to be performed without overcurrent
protection devices, 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 specified overcurrent protective devices at the level of current

involved.

each of which

11.1.7.2.7 Fu
let-through ¢
switch is inte

maximum fusg

device as sho
on a single-ph
the correspon
of the fuse i
characteristics
be necessary
different class|

11.1.7.2.8 Th
without regar
(threshold val

11.1.7.2.9 Fu
if the fuses a
calibrated to @
11.1.7.2.7.

11.1.7210 T

11.1.7.2.11 W
devices testeq

has an ampacity not less than the current rating (1)) of the switch.

rrent (lp) and clearing It values associated with the maximumVtated fuses
ded to be externally protected. It is assumed that protection will be pr
in the case size of the indicated fuse. The fuses shall bg installed on the Ig

be connected
) per terminal,

es used for ratings greater than 10 kA shall have characteristics-fepresenting the peak

by which the
bvided by the
ad side of the

vn in Figure 11.1.1.1. Each of these fuses shall be of such’characteristics th

ntended for use with the switch being tested.Special test fuses havin
shall be permitted to be used. To obtain the required values of these charact
to employ a fuse having a current rating\(l,) larger than that of the fuse spe

b fuse referred to in 11.1.7.2.7 shall be permitted to be any Class G, J, L,
I to its peak let-through currefit and clearing 1%, if the test current is bg
e of the fuse) at which the fuse is considered to be current-limiting.

5es used for tests shall be selected from a lot from which two samples have
re of Class G, J, RK5, or T and one sample if the fuse is Class L and th
etermine that their)t and I, characteristics comply with the prescribed valug

he characteristics of recovery voltage and ac decrement shall be as require

ithsthe device in the full-closed position, the test circuit shall be closed on t

, when tested

ase circuit, they will permit a peak let-through curreqit\(l,) and a clearing 1°t of not less than
Hing values specified in the requirements for the €lass and the current and yoltage ratings

the required
ristics, it may
Cified and of a

T, or R fuse,
low the point

been selected
at have been
s called for in

i by Annex C.

ne device. For

op a single-phase circuit, controlled closing shall be employed so that ma

Kimum current

flow (Ip) is obtained. The closing angle shall be essentially at the zero of the voltage wave (maximum
offset) or later, to produce the start of arcing within 30 electrical degrees prior to system peak voltage.
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Figure 11.1.7.2.1
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11.1.7.3 Dielectric voltage-withstand test

11.1.7.3.1 Unless the same sample is to be subjected to the closing test, a switch that has been
subjected to the short-circuit withstand test shall comply with the requirements in 7.1.11.7.1, 7.1.11.7.2
and 7.1.11.7.4.

11.1.7.4 Closing test
11.1.7.4.1 A sample of the switch shall be closed on a circuit capable of providing the maximum short

circuit withstand current. After the circuit has cleared, the switch shall comply with the requirements in
11.1.7.2.1(a), (b), and (d).

11.1 .7.4.2 Thu OGIII}J:U fUI thlc tUOt oha” bU that UOUd fUI thU ohurt U;I\/u;t vv;thotal Id tUOt, at the Optlon
of the submitter a previously untested sample. The conditions of the closing test shall be-thje same as for
the short-circdit withstand test, except that random closing shall be employed. Complete physical closure
of the switch ¢ontacts need not be established.

11.1.7.5 Dielgctric voltage-withstand test

11.1.7.5.1 Thg dielectric voltage-withstand test described in 7.1.11.7.1, 21:11.7.2, and 7.1.11.7.4 shall be
conducted following the closing test.

11.1.7.6 Confact opening test

11.1.7.6.1 An| electrically tripped switch shall be capable“of being operated by the elegtrical tripping
mechanism tq break levels of current as indicated in Table 11.1.1.3. The number of operations shall be
three except [that a switch intended for use on single-phase circuits only, shall be tested for five
operations. The circuit on which the test is condueted shall have a normal frequency regovery voltage
equal to the rated voltage of the device, except-that the recovery voltage need not be defermined if the
closed-circuit |voltage is not less than 90 percent of the rated voltage of the device. THe open-circuit
voltage shall mot be more than 110 percent-of the rated voltage except that a higher openjcircuit voltage
may be used |f agreeable to the submittérand the testing agency. See 11.1.1.11.

11.1.7.6.2 Thg test circuit power. factor shall be:
a) 0.45 - 0.50 lagging for a switch rated 1200 A or less,
b) 0.p5 — 0.30Magging for a switch rated 1201 — 2500 A,

¢) 0.[15.< 0:20 lagging for a switch rated 2501 — 6000 A.

A lower power factor shall be permitted if agreeable to the submitter and the testing agency.

11.1.7.6.3 At the conclusion of the test, the device shall be in operable condition. The fuse connected to
indicate arc-over to the enclosure or grounded metal shall not have opened.
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11.1.7.7 Dielectric voltage-withstand test

11.1.7.7.1 The dielectric voltage-withstand test described in 7.1.11.7.1, 7.1.11.7.2 and 7.1.11.7.4 shall be
repeated following the contact opening test.

11.2 Draw-out switches

11.2.1 General

11.2.1.1 A draw-out switch shall additionally comply with the requirements in Section 11.2.2.

11.2.2 Electri

cal Continuity Test

11.2.2.1 Swit
12 Ratings

12.1 A switch
requirements

12.2 The sho
shall not be g
shall be 10,0(
Class G, J, L,

12.3 A 300V
13.12.

12.4 A 300 \
accordance wj

Ches shall comply with the electrical continuity test requirements of 7.12.1:

shall be rated in accordance with the requirements of 8.1 and 82 and with
pf 12.2.
t-circuit rating of a switch shall be one or more of the values shown in Table 1

reater than that of the specified overcurrent protectiverdevice or integral fus
0 A for plug, Class H, and Class K fuses. The rating shall not be less thar
R, and T fuses.

rated fuse may be specified for switcheswrated 120, 127, 120/240, 240, or 27
rated fuse may be specified for-a switch rated 480Y/277 V if the switch
th 13.13.

Table 12.1
Short circuit current rating, rms

the additional

P.1. The rating
es. The rating
25,000 A for

(7 V. See also

is marked in

Symmetrical amperes

5,000 25,000 65,000
7,500 30,000 70,000
10,000 35,000 85,000
14,000 42,000 100,000
18,000 45,000 125,000
20,000 50,000 150,000
22,000 60,000 200,000
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13 Markings

13.1 Switches shall be marked in accordance with the requirements of General, Section 9.1 and
Markings, Section 17, and the additional requirements of this Section. Location of required markings shall
be in accordance with the “Location Categories” given in Table 13.1.

Aavisory Note: For products intended for use in Canada, markings shall be in English or in French and
English; caution and warning markings shall be in French and English. For products intended for use in
Mexico, all markings shall be at least in Spanish. For products intended for use in the United States, all
markings shall be at least in English. See Annex D for suitable translations of caution and warning

markings.

Table 13.1
Location of markings — switches
Clause Subject Location
numbers categories
(See notes
General
13.1 Location -
9.1.1.2 Type designation B
9.1.1.2 Manufacturer’'s name B
9.1.1.2 Voltage rating B
9.1.1.4 Durability and legibility -
13.4 Ampere rating B
13.5 Ampere rating — 100 A'er less B
9.1]1.11 = 9.1.1.13 Special characteristies C,F
9.1.1.14 Line and load B
9.1.1.15 Factory idertification H
13.2, 13.3 Switch identifier/Caution statement A, B
Position indication
13.6 Open or close (on or off) A
13.6 Intermediate position — reset B, D
9.1.1.17 Electrical operator (on or off) B, E
Short circuit ratings
13.7 — 13,17 Ratings B, C
Terminations
9.T27-9124 CU-AL B
9.1.25,9.1.2.6 Tightening torque B, C
9.1.2.7 Maximum wire size C, G
9.1.2.8 Multiple-conductor connectors C
9.1.2.9,9.1.2.10 60°C/75°C — 125 A Max. B, C
9.1.2.11 Separately shipped connectors C
Accessories
17.1,17.2 Ratings C
17.3 Shunt release C
17.4,17.5 Separately shipped -

Table 13.1 Continued on Next Page
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Table 13.1 Continued

Clause Subject Location
numbers categories
(See notes)
17.6 External dropping resistor C
Special markings
13.14 Automatic opening B
9.1.1.19 Non-conducting enclosures C
9.1.1.20 Ventilated enclosures B
9.1.1.21 2-pole, 3-phase rated B
94422 Phet-rrire-eirettt S
9.1.1.23 DC rated 3-pole B

A Marking

B  Marking
enclosure is r

Marking

Part replg
Marking

C
D
E
F
G
H  Marking 1

3

Marking

”"ON” ang

hall be visible without removing the trim or cover of enclosure.

hall be visible without disassembling or removing device and shall be visible when the trim or ¢
bmoved, and may be visible with the trim or cover in place.

hay be on any convenient location except on the rear.

f intermediate position and “"RESET” need not be provided if on intended receiving device.
”"OFF” marking need not be visible on switch if on electrical operator.

cement marking need not be visible on switch if on electrical operator.

hall be visible when wire connector is in place.

eed only be visible after removal of switch from panel of enclosure.

pver of

13.2 An unfug
a)

b) "(
proted

Location Cate|
13.3 An unfug
not provide oV

13.2(b).

13.4 The am
ampere rating

13.5 The am

bed switch shall be marked in accordance with either of the following:

With the switch symbol: — _ | or

aution” and with the following or equivalent statement “Does not provide ov
tion.”

gory A.

bed switch shall be marked “Caution” and with the following or equivalent stg
er-current protection, Location Category B, unless the device is marked in ag
bere rating.of a switch shall be distinct so that it may be clearly understog

on the(switch. Location Category B.

bere ‘Yating of a switch rated 100 A or less shall be permitted to be stamp

pr-current

tement “Does

cordance with

d what is the

bd, etched, or

similarly mark

sthmtothetrandte ortheescutcheomarea of theswitchrsoasto bevisibtewit

1out removing

the trim or cover of the enclosure with which it may be properly used. Location Category B.

13.6 A switch shall indicate clearly whether it is open or closed and such marking shall be visible with a
trim or cover in place except that when enclosed it may require the opening of a hinged cover or door. If
a switch handle has an additional or intermediate position which it takes upon automatic opening, that
position shall be marked to indicate that the switch has automatically opened. Instructions for resetting the
switch shall be included. The word “tripped” shall be permitted to be used on the handle but shall not be
used in the instructions. Location Categories B and D. Marking indicating the intermediate open position
and the resetting instructions shall not be required on the switch if they are provided on the intended
receiving device. Location Category D.
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13.7 Except as permitted by 13.8 — 13.11, an unfused switch shall be marked, “This switch is suitable for
use on a circuit capable of delivering not more than _____ ampere, rms symmetrical, _____ volts maximum
when protected by Class _____ fuses (type _____ circuit breaker) rated _____ amperes maximum”, or with
an equivalent marking. See 12.2. Refer to 13.16 and 13.17 for location.

13.8 If the short-circuit rating is 10,000 A, the class of fuse shall not be required but the current rating (1,,)
shall be provided. Location Category C.

13.9 If the short-circuit rating is 5,000, 7,500, or 10,000 A, and the rated current (l,) of the specified circuit
breaker or fuse does not exceed that of the switch, the type designation and manufacturer of the circuit

breaker shall not be required.

13.10 The tyf

if:

a)

b) The continuous-current rating (l,,) of the specified circuit breaker orfuse excee

switch
c) TH
13.11 If the s

as indicated ir
shall not be rg

13.12 When the overcurrent protective device is a 300V rated fuse, the marking mentione

include ”300

13.13 A switg

The short-circuit rating is 5,000, 7,500, or 10,000 A;

ol i £+ Al £ 3 £ il H HE N Il ol £ £ ball
A>3 \JUDIBIIGUUII AU TTIAriuraviuTor VT Uic UITUUTL UTTANTT Ul Uidoo UT TUOU olidit 1

; and

e combination was tested for three cycles as indicated inF11.1.7.2.1.
nhort-circuit rating is greater than 10,000 A and thé/combination was tested fq
11.1.7.2.1, the type designation and manufacturer of the circuit breaker and
quired. Location Category C.

olts maximum” after the “rated amperes maximum.” Location Category

h rated 480Y/277 V that is specified for use with a 300 V fuse shall be m

following or e

13.14 A switgh having an instantaneous release shall additionally be marked as part of i

rating “May o
the latter mark
available to sy

13.15 The m
protection. Lo

uivalent wording: “For use with line-to-neutral loads only.” Location Categor

en circuit above A” or equivalent wording or “May open automa
ing is provided, the)likely tripping current shall be published in other literature
stem designers, and the like. Location Category B.

cation ‘Category C.

ot be required

ds that of the

r three cycles
Class of fuse

d in 13.7 shall
C.

hrked with the
y C.

s short circuit
tically”. When
which is made

arking inM3.7 — 13.11 shall be permitted to be repeated for several diff¢rent types of

13.16 The sh

pri_circuit rating of a switch shall be located where it will be visible when a

ront or trim is

removed. If there is more than one rating marked on the switch, all such ratings shall appear together.

Location Cate

gory B.

13.17 Notwithstanding 13.16, a switch that is 38.1 mm (1-1/2 inch) wide per pole or less may have the
marking at any convenient location on the switch except on the rear. Location Category C.
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13.18 A fused molded-case switch constructed to accept only Class CC, G, J, R or T fuses shall be
marked with the following statement “Suitable for use on a circuit capable of delivering not more than
amperes, RMS symmetrical, volts maximum: Use Class fuses.”

13.19 A fused molded-case switch shall be marked, “Continuous load current not to exceed 80 percent
of the marked rating of fuses”.

13.20 For recommended symbols and abbreviations, see Annex F.
ACCESSORIES

14 Construction

14.1 General

14.1.1 Generpl Details
14.1.1.1 A component part of an accessory shall comply with the requirements‘for that acgessory.
14.1.2 Installption

14.1.2.1 A cifcuit breaker or switch may have provision for figld-installed accessories| provided the
following conditions are met:

a) The circuit breaker or switch is acceptable for use with or without the accessoty.
b) Ea&ch accessory is acceptable for the intended use.

c) Each accessory may be installed without the breaking of a seal and without the disassembly
of facjory-installed circuit breaker partsiexcept for:

1) Those parts necessary to install or replace a circuit breaker trip unit;
2) A circuit breaker or switch operating handle;

3) Other parts that if omitted are considered not to affect the intended pefformance of
the circuit.breaker or switch; or

4) Essential parts that if omitted are effectively replaced by an accessory |[f the circuit
breaker or switch is tested in accordance with 15.1.5 and marked in accorfance with
17.4 and 17.11.

d) Instructions for the installation, operation, and necessary adjustments are provided with
each accessory.

e) The installation of an accessory does not require the use of other than normally available
tools, such as screwdrivers, pliers and wrenches, unless such a tool and instructions for its use
are furnished with each accessory.

f) A barrier that is necessary because spacing would otherwise be less than required, or for
any other reason, is securely attached at the factory to either the circuit breaker or switch, or to
the accessory to be installed.
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g) The accessory is an essentially complete unit and does not require detailed assembly in the
field. Except as permitted in (h), the installation of the accessory does not expose live or
mechanical functional parts that would not be exposed during the replacement of an
interchangeable trip unit. An arrangement that requires cutting, splicing of existing wires, or
resoldering of connections within the circuit breaker housing is not acceptable.

h) Except as noted in (i) and (j) means for mounting the accessory require no drilling, cutting,
or filing of holes. Openings to provide for the accessory actuator to operate the trip mechanism
may be provided in the trip unit housing. If breakouts are provided for this purpose they shall be
removable in one piece.

i) Drilling, cutting, or filing is acceptable in the circuit breaker or switch housing only to provide
an opgningo etocattorof-stehopenings—isindieateehby drill points
or br

i) Itip possible to accomplish the operation described in (i) in a manner.so ithat debris inside
the cifcuit breaker or switch housing does not accumulate.

k) Strain or pushback relief, if required to meet the requirements‘ef14.1.5.1 and [14.1.5.2, is
provided as an integral part of the accessory or is furnished as‘part of the kit along with any
instrugtions or tools necessary to comply with the requirements-of this standard.

[) The accessory complies with the marking requirements’of 17.4.

m) The installation of the accessory does not affectthe performance of the circuif breaker or
switch].

14.1.2.2 So that instructions are always available should it become necessary to replace a ircuit breaker
or trip unit, a dircuit breaker or interchangeable trip unit intended to accept field-installed ac¢essories shall
be provided with information for the proper reinstallation of the accessory.

a) If nterchangeable trip units*are involved, this information may be:
1) Part of the triptunit installation instruction;
2) Marked enithe trip unit; or

3) Provided on a separate tag attached to the trip unit.

b) If honinterchangeable trip units are involved, this information may be:

1) Marked on the circuit breaker; or

2) Provided on a separate sheet packaged with the circuit breaker.
¢) The information shall comply with one of the following:

1) Be complete as required by 14.1.2.1 (d).

2) Provide a condensed version of the instructions specified in 14.1.2.1 (d); or
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3) Refer to where installation instructions for each accessory may be obtained; in this
case, the information shall include a statement of the need to determine that the

accessory performs its intended function after it has been reinstalled.

14.1.3 Mounting

14.1.3.1 An accessory shall be securely mounted in position and prevented from loosening or turning if
such motion may affect adversely the intended performance of the circuit breaker or switch or reduce the
minimum spacing to less than that indicated in 14.1.6.1.

14.1.4 Field Wiring

14.1.41 An &

corresponding

14.1.4.2 Ternpinal leads of a circuit breaker accessory shall consist of wire suitable for
hen considered with respect to the temperature and voltage and-conditions

application, w|
which the wiri

to the ratin

ng is likely to

of the accessory. Se

be subjected.

Tables 6.1.4.2.1

ying ampacity

the particular
of service to

14.1.4.3 Terminal leads shall be 24 AWG (0.20 mm?2) minimum. The frfee Tength of a ternfinal lead shall

be at least 15

D mm (6 inches).

Table 14.1.4.1
Ampacities of insulated conductors
Wire size 60°C (140°F)

AWG (mm?) Copper Alumfnum

44 (0.20) 2 i

92 (0.32) 3 -

40 (0.52 5 -

18 (0-82) 7 -

16 (1.3) 10 -
14.1.4.4 A pressure connector provided for use with an accessory shall comply with 6.1.42.2.
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14.1.5 Strain Relief

14.1.5.1 Strain relief shall be provided to prevent a mechanical stress on the accessory supply leads to
which field connections are made from being transmitted to terminals, splices, or interior wiring. See
15.1.3.

14.1.5.2 Means shall be provided to prevent the accessory supply leads to which field connections are
made from being pushed into the housing of a circuit breaker or switch through the lead entry holes, if
such displacement is likely to subject the lead to mechanical injury, or if it is likely to reduce spacings —
such as to a metal strain-relief clamp — below the minimum acceptable values, or if the mechanical
operation of the circuit breaker or switch, or accessory is impaired.
14.1 .5.3 Any ulfClLlU vv;th vvh;uh thc :Uado IIIG._)' VUG ;II UUIItGUt oha” bc fIUU fIUIII CJ.II_Y }JIU“CtIOnS, Sharp

edges, burrs, fins, or the like that may cause abrasion of the insulation on the conducto¥s)

14.1.6 Spacings

14.1.6.1 With|any combination of accessories installed, the circuit breaker or switch spacings shall not be
less than those required in General, 6.1.6.1.

14.1.6.2 The fequirements in 14.1.6.1 do not apply:

a) Between uninsulated live parts of opposite polarity within a component, such gs an auxiliary
switch;

b) Between uninsulated live parts of the comporient and dead metal that is part df the
compénent; or

c) Begtween uninsulated live parts of thesxcomponent and that part of the dead metal surface of
the cifcuit breaker or switch on whichthe component is mounted in the intended npanner.

14.1.6.3 The requirements in 14.1.6.1-do-apply:
a) Beétween live parts in different components; and

b) Between an uninsulated live part of a component and a live part or the dead metal of the
circuit| breaker or«<switch, other than the dead metal surface on which the compongnt is
mounted.

14.1.6.4 The |spacings at an accessory and its field-wiring terminals shall be in accordarjce with Table
14.1.6.1.



https://ulnorm.com/api/?name=UL 489 2019.pdf

164

NMX-J-266-ANCE-2016 ¢ CSA C22.2 NO. 5-16 ¢ UL 489

APRIL 22, 2019

Table 14.1.6.1
Minimum acceptable spacings in millimeters (inches)?P-¢

Potential involved in volts

uninsulated live

grounded parts
other than the
enclosure, or
exposed metal
parts

parts of opposite
polarity, uninsulated

Location 0-130 131 - 300 301 - 600 650 — 1000
Between any Through air 3.2 (1/8) 6.4 (1/4) 9.5 (3/8) 9.5 (3/8)
uninsulated live
part and Over surface 6.4 (1/4) 9.5 (3/8) 12.7 (1/2) 12.7 (1/2)

2 An isolated de

the dimension o
insulating mater

disregarded, an

or between an y

® |n measuring §

hd metal part (such as a screw head or a washer) interposed between uninsulated livé parts of
hinsulated live part and a grounded dead metal part is considered to reduce the spag¢ing by an
the interposed part along the path of measurement.

Al shall be disregarded.

¢ In measuring gpacings, an air spacing of 0.33 mm (0.013 inch) or less between a live_part and an insulating s

the live part considered in contact with the insulating material.

n over surface spacing, any slot, groove, or the like, 0.33 mm (0.013 inch) wideor less in the ¢

opposite polarity
pmount equal to

ontour of

irface shall be

14.2 Shunt trip release devices

14.2.1 A shunt trip release device shall have a normally”open auxiliary switch cont

connected in peries with its coil, except that the auxiliary’switch may be omitted under 3

following conditions:

a)
b)

c) Th

shall be necessary to conduct the temperature test on the coil at the voltage to wh

opera

The shunt trip coil is rated for contintous duty,

The operating voltage for the e@il is taken from the load side of the circuit breg

e supply voltage to the'eail is reduced, such as with electronic circuits. In th

ing voltage has beéen reduced.

het (“a” type)
ny one of the

ker, or

s instance it
ich the
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14.3 Undervoltage-trip release devices

14.3.1 An undervoltage-trip release device shall normally have its coil connected to the line side of the
circuit breaker or switch without an auxiliary switch.

14.3.2 An attempt to close the circuit breaker or switch during an undervoltage condition shall not result
in maintaining contacts in a closed position for more than ten cycles.
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14.4 Overvoltage-trip release devices

14.4.1 An overvoltage-trip release device shall be so designed that the armature will be released for
tripping under an overvoltage condition when the circuit breaker is in the ON position and also during the
closing stroke of the circuit breaker or switch.

14.5 Electrical operators

14.5.1 An electrical operator shall be compatible for the particular application, and shall be capable of
handling its maximum normal load without introducing any adverse condition.

14.5.2 A winding shall be such as to resist the absorption of moisture and shall be formed and assembled
in a workmanliike-meantef:

14.5.3 With regard to the requirement in 14.5.2, film-coated magnet wire is not required to pe additionally
treated to pfevent absorption of moisture, but fiber slot liners, cloth caqil iwrap] and similar
moisture-absdrptive materials should be provided with impregnation or otherwise treatpd to prevent
moisture absqrption.

14.5.4 An electrical operator intended to be mounted externally to the‘circuit breaker or $witch may be
factory- or fielg-installed. Instructions shall be provided with the elegtrical operator when it|is intended to
be field-installpd.

14.5.5 Provis|on shall be made for manual operation of a circit breaker or switch that is [equipped with
an electrical gqperator and shall be so located that when in‘use, the wiring space and livg parts are not
exposed. Means shall be provided to prevent the elecirical operator from functioning during manual
operation if electrical operation can result in a risk of electric shock or injury to operating personnel.

14.5.6 An elgctrical operator shall be provided" with acceptable means for grounding all exposed
accessible mqtal parts.

14.5.7 An eleftrical operator shall not-+eguire manual reset of the circuit breaker or switch|.
14.6 Alarm and auxiliary switches

14.6.1 Auxiligry switch contacts shall be permitted to be designated as “a” or "b” as indicated below, but
other contact prrangements 'shall be permitted to be used:

a) "gq” contaets are opened when the molded-case product contacts are opened, jand are
closed when the molded-case product contacts are closed.

b) ”b” contacts are closed when the molded-case product contacts are opened, and are
opened when the molded-case product contacts are closed.
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14.7 Mechanical interlock
14.7.1 A mechanical interlock supplied as a kit for field installation shall comply with 14.1.2.1.

14.7.2. A mechanical interlock shall have the necessary mechanical strength to ensure reliable and
positive mechanical performance.

14.7.3 A mechanical interlock shall have a mounting means such that removal of a door, dead-front,
barrier or the like shall not result in defeating the interlocking mechanism between the intended circuit
breakers or switches.

14.8 Lock-off device

14.8.1 A lockjoff device supplied as a kit for field installation shall comply with all of the-feflowing:

a) Agcommodate a padlock that will prevent the operation of the circuit breaker or switch with
the pgdlock in place;

b) Require the use of a tool for removal;

c) Have the necessary mechanical strength to ensure reliable-and positive mechanical
performance;

d) Npt depend on the panel enclosure cover to retain:the device in place;
e) Npt interfere with the normal intended operation of the circuit breaker or switch;

f) Ensure that the ON-OFF marking for the circuit breaker or switch is clearly visible with the
padlo¢king attachment in place; and

g) B¢ marked in accordance with\17.9.
14.8.2 The ON-OFF marking mentioned in 14.8.1(f) may appear on the lock-off device.
14.9 Lock-or| device
14.9.1 A lockton device supplied as a kit for field installation shall comply with all of the fdllowing:

a) Ag¢commodate a padlock that will prevent the operation of the circuit breaker of switch with
the padlockin place;

b) Require the use of a tool for removal;

c) Have the necessary mechanical strength to ensure reliable and positive mechanical
performance;

d) Not depend on the panel enclosure cover to retain the device in place;
e) Not interfere with the normal intended operation of the circuit breaker or switch;

f) Ensure that the ON-OFF marking for the circuit breaker or switch is clearly visible with the
padlocking attachment in place; and
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g) Be marked in accordance with 17.9.
14.9.2 The ON-OFF marking mentioned in 14.9.1 (f) may appear on the lock-on device.
15 Performance
15.1 General
15.1.1 One sample of each accessory is to be installed in the intended manner to determine compliance
with the construction requirements of this standard. It shall also be determined that with the accessory(ies)

installed in the intended manner, the combination complies with the performance requirements of this
Standard. More than one type of accessory shall be permitted to be installed.

a) hether the circuit breaker or switch has been found to comply with-fhe perfofmance
sectio

b) hether the accessories have been found to comply with the fequirements coyering the
accespory classification.

c) ether the installed accessory(ies) affect(s) the operating characteristics, meghanical,
arcing, calibration, and the like, of the circuit breaker-or switch.

15.1.3 The sfrain-relief means provided on the accessery leads to which field connectigns are made,
when tested in accordance with 15.1.4 shall be capable of withstanding for 1 min, without|displacement,
the force as re¢quired in Table 15.1.1. The force shall be applied to the leads with the connpections within
the circuit brepker or switch disconnected.

Table 15.1.1
Pull force
Wire size, AWG Force, N (Ibf)
18 and larger 89 (20)
20 -24 44.5 (10)

15.1.4 The specified force shall be applied to the individual leads and so supported by the [ircuit breaker
or switch that|the sirain-relief means will be stressed from any angle that the constructiop of the circuit
breaker or switchhpermits. The strain relief is not acceptable if:

a) There is enough movement of the leads to indicate that stress on the connections would
have resulted;

b) A metal strain-relief has moved to have reduced electrical spacings below the minimum
acceptable values; or

c) The mechanical operation of the device is impaired.


https://ulnorm.com/api/?name=UL 489 2019.pdf

168 NMX-J-266-ANCE-2016 ¢ CSA C22.2 NO. 5-16 ¢ UL 489 OCTOBER 24, 2016

15.1.5 Except as specified in 15.1.8 and 15.1.9, if an accessory affects parts involving mechanical or
arcing characteristics, because of its proximity to such parts, and for all circuit breakers or switches where
an accessory replaces a part as described in 14.1.2.1 (c) (4), the device with the accessory installed shall
be subjected to the interruption type tests specified in 15.1.6. If an accessory affects the calibration of a

circuit breaker, the calibration tests shall also be performed.

15.1.6 The interruption type tests to be performed in accordance with 15.1.5 are as follows:

a)

current if the circuit breaker has such a rating.

b)

For switches — overload, endurance, and withstand, if applicable.

For circuit breakers — overload, endurance and interrupting as well as high available fault

15.1.7 During
except where
the most sevdq
breaker or sw|

15.1.8 For cifcuit breaker or switch frame sizes rated over 150 A, interfupting type test

required on t
arcing contact

15.1.9 Interru
A with the acg
point of the of
live parts or t

15.1.10 Shou
as material siz
nearest point
150 A, then th
to determine
as intended d

15.1.11 No a
switches rated
interrupting te

15.1.12 Intern

tests on the circuit breaker or switch, the accessory and the circuit breaker'd
otherwise noted, carry rated current at rated voltage. The voltage shall(be ap
re opposite polarity possible, including reverse line and load connection, un
tch is marked to indicate line-load connections.

e combination if a solid barrier with no holes is located“bétween the acce
S,

pting type tests shall not be required on circuit breaker or switch frame sizes
essory installed, if the accessory is located more:than 50.8 mm (2 inches) frg

e uninsulated dead metal parts of the aceessory itself.

d there be any questions regarding.the acceptability of the barrier mentioned
e and the like, or should the accessory be mounted less than 50.8 mm (2 in
of the open end of an arc plate'in circuit breaker or switch frame sizes rate
e combination shall be subjected to the maximum voltage interrupting test or
vhether additional interrupting type tests are necessary. The accessory shal
ring the test.

greater than 150 A and installed accessories satisfactorily completes the ma
5t followed byithe recalibration and dielectric voltage-withstand tests.

less with the
uninsulated li

\Te or exposed dead metal parts on the accessory and the accessory does no

uption\fype tests shall be required on circuit breaker or switch frame sizes 1
ccessories installed within the circuit breaker or switch housing, except whe

r switch shall,
plied to cause
ess the circuit

5 shall not be
ssory and the

ated over 150
m the nearest

en end of the arc plate, measured as a straight' line between the arc plate and uninsulated

n 15.1.8, such
ches) from the
H greater than
withstand test
be energized

ditional interrupting*type tests shall be necessary if the combination of circlit breakers or

Kimum voltage

ated 150 A or
n there are no

t interfere with

the intended operation — mechanical, calibration, or arcing characteristics — of the circuit breaker.

15.1.13 More than one type of accessory, shunt trip, alarm switch, and the like may be installed in the
circuit breaker or switch when it is subjected to any one of the interrupting type tests.
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15.1.14 Tests need not be performed on the accessory or component parts of the accessory if component
parts have been previously tested and found acceptable for the application. Should tests be necessary to
determine the acceptability of the accessory for the application, the circuit breaker or switch need not be
energized if the construction is such that the accessory is encapsulated or there are no uninsulated live
or exposed dead metal parts on the accessory.

15.1.15 If it is required to conduct tests on a circuit breaker with the accessory installed, the number of
circuit breaker samples required shall be in accordance with Table 7.1.1.2, except that only one sample
shall be required if the circuit breaker without the accessory installed is found to comply with the
performance requirements.

15.1.16 Ifitis reqwred to conduct tests on a switch with the accessory installed, the number of switch
samples requ ple shall be
required if the SW|tch W|thout the accessory mstalled is found to comply W|th the performance
requirements.

15.2 Shunt-tfip release devices
15.2.1 Temperature

15.2.1.1 The maximum temperature rise of a coil intended for continuous duty, when operafed at its rated
voltage, shall hot be higher than that permitted by Table 7.1.4.1.2:

15.2.2 Overvpltage Test

15.2.2.1 A cqil of a shunt-trip device intended for continuous duty shall be capable of withstanding
continuously 110 percent of its rated voltage without_injury.

15.2.3 Operation Test

15.2.3.1 A shpnt-trip device shall operate in-the intended manner at 75 percent of its rated|voltage to trip
the circuit br¢aker or switch, except-that a shunt-trip device for use in a ground-fault protection of
equipment application shall operate at55 percent of rated voltage for ac control power.

15.2.4 Endurpnce Test
15.2.4.1 A shunt-trip devicg; including a switch used to de-energize the coil as described jn 14.2.1 shall

be capable of| performing-successfully for 10 percent of the number of “With Current” opdrations and at
the rate of opgratiomshown in Table 7.1.5.1.

15.2.4.2 The [tests may be performed in conjunction with the endurance test on the cirquit breaker or
switch.

15.2.4.3 A shunt-trip device shall be connected to a rated source of coil voltage. The test shall consist of
repeating the following cycle for the required number of operations. The circuit breaker or switch shall trip
on each cycle of operation:

a) Close circuit breaker or switch.

b) Energize shunt-trip with rated voltage.
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15.2.5 Dielectric Voltage-Withstand Test

15.2.5.1 With the shunt-trip device installed in the circuit breaker or switch, the shunt-trip device shall be
capable of withstanding for 1 minute without breakdown the application of a 48 — 62 Hz essentially
sinusoidal potential:

a)

b)

Between all live parts (including circuits) within the accessory,

c) Between the accessory coil winding and its frame.

AN AN oL I TN

15.2.5.2 The

c) Tw

except that th¢ test potential of a), b), and c) above shall be twice the voltage rating, but nof

V, when teste
or the withsta
breaker isolat
in an accesso

15.2.5.3 The
was performe
voltage-withst

15.3 Undervgltage-trip release devices

15.3.1 Tempg¢rature

15.3.1.1 The
permitted by

% S ol £ L ) tH Il k.
CStTpoteTaar o1 o D) arntd (G TeSpPpettveTy,—Srait ot

ice the voltage rating of the accessory plus 1000V,
ice the voltage rating of the circuit breaker plus 1000 V, and

ice the voltage rating of the accessory plus 1000 V,

d after the high available fault current circuits interrdpting capacity test for ¢
nd test for switches. The test described in (b) is_rot required when the desig
bs the accessory from energized parts in the citeuit breaker, such as in a se|
Iy pocket.

Hielectric voltage-withstand test shall be\performed after the interruption test(s
l to evaluate the acceptability of theceombination. If no tests were performed
bnd test shall be conducted with thé ‘combination in an as-received condition

maximum temperature rise of an undervoltage-trip release coil shall not be h
[able 7.1.4.1.2 See 15.1.7.

Between all live parts tested in (a) and live parts of the circuit breaker or switch, and

less than 900
rcuit breakers
h of the circuit
parate pole or

), if the test(s)
, the dielectric

gher than that
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15.3.2 Overvoltage Test

15.3.2.1 The coil shall be capable of withstanding without injury 110 percent of its rated voltage
continuously. See 15.1.7.

15.3.2.2 After the Temperature test, the same undervoltage release sample, with the circuit-breaker
closed and without current in the main circuit, shall withstand the application of 110 percent rated control
supply voltage for 4 h without impairing its functions. The temperature rise obtained shall comply with

7.1.4.

15.3.3 Operation Test

15.3.3.1 An
percent or les

15.3.3.2 An
percent (or hi

15.3.3.3 An u
voltage across
of the trip coil

15.3.3.4 An ¢
undervoltage-
pick up and s

15.3.3.5 Tod
with the circui

a) E
the cg

b) C

c) R
switch

d R
switch

e marked voltage rating of the trip coil.

of th
ndervoltage-trip release device shall not operate to open the circuit-breaker ¢

jher) of the marked voltage rating of the trip coil.

ndervoltage-trip release device may operate to open the circuit‘breaker or sv
the trip coil is greater than 35 percent but less than 70 percent of the marked

rip release device shall seal in at 85 percent afithe rated voltage. Both deV
bal in at lower voltage.

btermine compliance with 15.3.3.1 — 15:3.3.4, the test shall be conducted as f
breaker in the tripped position or thg,switch in the off position:

hergize the undervoltage-trip release device at 85 percent of the marked rate
il.

ose circuit breaker or switch.

shall not operate at this voltage.

pduce voltage to 35 percent of the marked rated voltage of the coil. The circ
shall ‘operate at this voltage.

r switch at 35

r switch at 70

yitch when the
voltage rating

lectrically reset undervoltage-trip release device‘shall pick up and a mechanically reset

ices may also

pllows starting

d voltage of

pduce voltage to (70 percent of the marked rated voltage of the coil. The circlit breaker or

it breaker or
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15.3.4 Endurance Test

15.3.4.1 An undervoltage-trip release device shall be capable of performing successfully for 10 percent
of the number of “With Current” operations and at the rate of operation shown in Table 7.1.5.1.

15.3.4.2 The tests may be performed in conjunction with the endurance test on the circuit breaker or
switch.

15.3.4.3 To determine compliance with 15.3.4.1, the test shall be conducted as follows starting with the
circuit breaker in the tripped position or the switch in the off position, except that the last ten operations

shall be performed in accordance with 15.3.3.5:

a) E IUIU;LU thU UIIdUIVU:taHU tll'.l IU:UCJ.DU dUV;UU G.t 85 PUIUUI It Uf thU mian Ir\Ud IClt d VOltage Of

the cqil.

b) Close the circuit breaker or switch.

c) Reduce coil voltage to zero. The circuit breaker or switch shall trip/at zero coil |voltage.
15.3.5 Dielectric Voltage-Withstand Test
15.3.5.1 With the undervoltage-trip release device installed 4ny'the circuit breaker gqr switch, the
undervoltage-frip release device shall be capable of withstanding for 1 minute without Qreakdown the

application of

a 48 — 62 Hz essentially sinusoidal potential:

a) Beétween all live parts (including circuits) within' the accessory,

b) Between all live parts tested in (a) anddive parts of the circuit breaker or switch}, and

c) Beétween the accessory coil winding and its frame.
15.3.5.2 The|dielectric voltage-withstand test shall be performed in accordance with|15.2.5.2 and
15.2.5.3.
15.3.6 Contagt Closing Test

15.3.6.1 An aftempt to clese the circuit breaker or switch during an undervoltage condition

in maintaining|

contactstifra closed position for more than 10 cycles.

hall not result



https://ulnorm.com/api/?name=UL 489 2019.pdf

OCTOBER 24, 2016 NMX-J-266-ANCE-2016 ¢ CSA C22.2 NO. 5-16 ¢ UL 489 173

15.4 Overvoltage-trip release devices
15.4.1 Temperature

15.4.1.1 The maximum temperature rise of an overvoltage-trip release coil, when operating at its nominal
rated voltage, shall be less than or equal to that permitted by Table 7.1.4.1.2.

15.4.2 Overvoltage Test

15.4.2.1 An overvoltage-trip release coil that is intended to be connected to the load side of its circuit
breaker or switch, or is intended for use in series with an “a” auxiliary contact, shall be capable of
withstanding continuously without injury 98 percent of the voltage at which it causes the circuit breaker or
switch to trip.

15.4.2.2 An gvervoltage-trip release coil that is intended to be connected directly_toythe|line side of a
circuit breakgr or switch, with no series auxiliary switch contact, shall be capable of withstanding
continuously without injury its marked maximum voltage rating. See 15.1.7.

15.4.3 Operation Test
15.4.3.1 Both|before and after the endurance test described in 15.4¢4,"an overvoltage-trip felease device
shall operate {o cause the circuit breaker or switch to trip within £5 percent of the rated trip|voltage of the

coil and shall jnot cause the circuit breaker or switch to trip whén the nominal rated voltagg is applied to
the coil.

15.4.4 Endurpnce Test

15.4.4.1 An gvervoltage-trip release device shall. bg, tapable of performing successfully fof 10 percent of
the number ofl “With Current” operations and at the rate of operation shown in Table 7.1.5]1.

15.4.4.2 The [tests may be performed in_ conjunction with the endurance test on the cirquit breaker or
switch.

15.4.4.3 To determine compliancéwith 15.4.4.1, the test shall be conducted as follows starting with the
circuit breaket in the tripped pasition or the switch in the off position:

a) Wiith no voltage dpplied to the overvoltage-trip release device coil, close the cifcuit breaker
or switch.

b) Apply.a gradually increased voltage to the coil. The circuit breaker or switch shall trip when
the agplied voltage is within 5 percent of the rated value.
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15.4.5 Dielectric Voltage-Withstand Test

15.4.5.1 With the overvoltage-trip release device installed in the circuit breaker or switch, the
overvoltage-trip release device shall be capable of withstanding for 1 minute without breakdown the

application of

a)

a 48 — 62 Hz essentially sinusoidal potential:

Between all live parts (including circuits) within the accessory,

b) Between all live parts tested in (a) and live parts of the circuit breaker or switch, and

c) Between the accessory coil winding and its frame.

15.4.5.2 The

15.2.5.3.
15.5 Electric
15.5.1 Endur

15.5.1.1 An e
in 15.5.1.2 — 1

15.5.1.2 An ¢
intended for th

15.5.1.3 An ¢
shall be teste
operations for|
used for both

number of opgrations required for the maximum frame size.

15.5.1.4 The
at the rate req
these operatiq
operation.

15.5.1.5 The
operator volta

15.5.1.6 The
rated voltage

5.5.1.8.

lectrical operator shall be tested on the frame size Circuit breaker or switch
e number of “Without Current” operations indicated in Table 7.1.5.1 for the giv

ectrical operator intended for use with mere-than one frame size of circuit bre
] on the maximum and minimum framg, sizes for which it is intended. The tq

fests, the number of operations required on the smallest frame size may be 1
first 25 operations shall be ¢onducted at 85 percent of the electrical operator|

uired for the endurance*test with the current as indicated in Table 7.1.5.1. [
ns, the circuit breaker or switch if appropriate shall be tripped so as to invo

hext 25 operations shall be conducted as in 15.5.1.4 except at 110 percent O
he rating.

balance of the operations shall be completed with the electrical operator ¢

d;U:UUtI;U vu:tayc vv;thotal Id tUOt oha” bU HUIfUIIIIUd ;II G\JUUIdGI LAY~} vv;th 15.2.5.2 and
h| operators

ance Test

lectrical operator shall perform acceptably when subjected. to the endurance ftest described

for which it is
en frame size.

aker or switch
tal number of

each frame size shall be as indicated'in Table 7.1.5.1, except that if the same operator is

pduced by the

voltage rating
During each of
ve a resetting

f the electrical

pnnected to a

supply and cycling ON and OFF without tripping the circuit breaker or sy

itch at a rate

agreeable to t

he submitter and the testing agency.

15.5.1.7 If overcurrent or overload protection is provided with the operator, it shall not function during the
endurance test.
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15.5.1.8 If the electrical operator, or any part of the operator, is installed within the circuit breaker or
switch housing, or is installed so as to interfere with the intended venting of the circuit breaker or switch,
consideration shall be given to the need for interrupting tests to be performed on the circuit breaker or
switch with the electrical operator installed.

15.5.2 Dielectric Voltage-Withstand Test
15.5.2.1 An electrical operator intended to be installed externally to the circuit breaker or switch shall

withstand, for a period of 1 min, without breakdown, the application of a 48 — 62 Hz essentially sinusoidal
potential of 1000 V. The test voltage shall be applied between current-carrying parts of the electrical

operator and accessible dead metal parts.

15.5.2.2 If th

ker or switch

housing, the ¢

1 s 1 £ 4+l £ H iollacl s AN i HE N
P Civutivdl UPTTAalul Ul dily  part aiciTuUur 1o Trotlalicu  vwitrmrm uic  UITuuit V1o

ielectric voltage-withstand test specified in 7.1.9 is applicable.

15.6 Alarm and auxiliary switches

15.6.1 Tempe¢rature

15.6.1.1 The
Tables 7.1.4.1
not exceed 5(

15.6.1.2 The
breaker or sw
auxiliary switd]

15.6.1.3 Each
or switch shal

15.6.2 Overld

15.6.2.1 An g
rated in ampqg
rated current

shall be made|
be made with
If both ac and
using a dc cir
dc rating.

temperature attained on an alarm or auxiliary switch shall not exceed the v
.1 and 7.1.4.1.2, and the temperature rise at any conpections intended for fie
°C (90°F) when tested as outlined in 15.6.1.2 and 15,6.1.3.

hlarm and/or auxiliary switch or switches to be tested shall be installed in the i
itch. If the circuit breaker or switch is constructed to accept more than one
h, the maximum intended number of switchés shall be installed.

alarm or auxiliary switch shall be .caused to carry its rated current and the
carry its rated current while connected as for the temperature test specified

bad Test

arm or auxiliary switch shall perform acceptably when subjected to an overlg
res, this test shall .consist of 50 cycles of operation, making and breaking 1
bt rated voltage. (The rate of operation shall be in accordance with Table 7.1
on direct current/with a noninductive resistance load if the switch is rated dc
alternating eurrent and an inductive load having a 75 — 80 percent power fag
dc ratings<are involved, tests shall be conducted to represent both ratings, ex
Cuit may-represent both ratings provided that ac current levels are equal to o

alues given in
Id wiring shall

htended circuit
alarm and/or

circuit breaker
in7.1.4.1.4.

ad test. When
50 percent of
.3.1. The test
bnly, and shall
tor if ac rated.
cept that tests
[ less than the

15.6.2.2 An alarm or auxiliary switch rated for pilot duty (electromagnetic loads) shall

be capable of

performing acceptably when subjected to 50 cycles of operation making and breaking a circuit consisting
of a load as indicated in Table 15.6.2.1 when connected to a test voltage adjusted to 110 percent of the
value indicated in Table 15.6.2.2.
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Table 15.6.2.1
Standard electromagnetic loads for alarm or auxiliary switches
Standard duty Heavy duty
Voltage, Normal Inrush Normal Inrush
V rating current current current current
110 — 127 ac?® 3.0 30 6.0 60
220 — 240 ac? 1.5 15 3.0 30
440 — 480 ac? 0.75 7.5 1.5 15
550 — 600 T 00 9] 2 12
115 — 125|dc 1.1 - 2.2 -
230 — 250[dc 0.55 - 1.1 -
550 — 600|dc 0.2 - 0.4 -
2 Power factor, P.35 or less.
Table 15.6.2.2
Values of voltage for tests
Voltage rating of Test
alarm or auxiliary potential
switch in Volts?

110 — 120 120

127 127

220 — 240 240

440 - 480 480

550 — 600 600

2 |f the rating

of the switch does not fail within any of the indicated voltage ranges, it is to be tested at its rat¢d voltage.

15.6.2.3 The

lead “indicated in 15.6.2.2 shall be an electromagnet representative of the| load that the

device is inten

ded to control. The Toad shall be adjusted 1o draw the normal and Inrush currents indicated

in Table 15.6.2.1 when connected to a test voltage as indicated in Table 15.6.2.2 before being connected
for the test described in 15.6.2.2.
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15.6.3 Endurance Test

15.6.3.1 An alarm switch shall be capable of performing acceptably when subjected to 10 percent of the
number of “With Current” operations and at the rate of operation shown in Table 7.1.5.1.

15.6.3.2 An auxiliary switch shall be capable of performing acceptably when subjected to the number of
“With Current” operations and at the rate of operation shown in Table 7.1.5.1.

15.6.3.3 The tests may be performed in conjunction with the endurance test on the circuit breaker or
switch.

15.6.3.4 An ampere-rated switch shall be connected to a source of rated voltage. For dc only rated

SWitChes, the UDt oha” bc |||adc Tl d;lc\;t vurTel It VV;th a 11Ul I;I |duut;vc IUD;DtClI U0 :uad Uf 1OC percent rated

current. For af only rated switches, the test shall be made on alternating current with, anlinductive load
having a 75 - 80 percent power factor and 100 percent of rated current. If both ‘dire¢t current and
alternating cugrent ratings (l,) are the same, the test shall be conducted on direct current to fepresent both
ratings. See also 15.1.10 and 15.1.12.

15.6.3.5 An glarm or auxiliary switch rated for pilot duty (electromagneticloads) connefted to a test
voltage as inflicated in Table 15.6.2.2 shall be capable of performirig acceptably whenp making and
breaking a logdd as indicated in Table 15.6.2.1. The load shall consist of’an electromagnet fepresentative
of the load that the device is intended to control.

15.6.4 Dielegtric Voltage-Withstand Test

15.6.4.1 Withjan alarm or auxiliary switch installed in the-eircuit breaker or switch, the accgssory shall be
capable of withstanding for 1 minute without breakdown the application of a 48 — 62 Hz essentially
sinusoidal potential between all live parts of the aceessory including the associated wiring|and live parts
of the circuit Qreaker or switch.

15.6.4.2 The|dielectric voltage-withstand\test shall be performed in accordance with|15.2.5.2 and
15.2.5.3.

15.7 Mechanjcal interlock

15.7.1 A meghanical interlock provided with a pair or group of circuit breakers or gwitches shall
demonstrate the ability te~only allow the intended circuit breaker(s) or switch(es) to be tyrned “ON” by
testing to Annex B, RefidNo. 23.

15.7.2 A meghanical interlock shall be tested in accordance with Annex B, Ref. No. 33, unless the
interlock complies with either of the following:

a) Prevents the load switching from the normal source of supply to the alternate source of
supply in one continuous motion, or

b) Prevents the operating handles of both the normal and alternate supply circuit breakers or
switches from being in motion simultaneously.
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15.8 Lock-off device

15.8.1 A lock-off device shall prevent the circuit breaker or switch with which it is associated from being
turned “ON”.

15.8.2 To demonstrate the correct operation of a lock-off device, it shall be installed, per the
manufacturer’s instructions, and an attempt should be made to turn the circuit breaker “ON”.

15.9 Lock-on device

15.9.1 A lock-on device shall prevent the circuit breaker or switch with which it is associated from being
turned “OFF”.

15.9.2 To dJ:monstrate the correct operation of a lock-on device, it shall be jnsiplled per the
manufacturer’s instructions, and an attempt shall be made to turn the circuit breaker COFF].

16 Ratings

16.1 An accepsory for a circuit breaker or switch shall have voltage, currentyvand frequency or dc ratings
appropriate for the application.

17 Markings

17.1 A circuif breaker or switch provided with an accessoryshall be marked to identify the installed
accessory. Thie marking shall include type, proper connections (if not obvious), and the eleg¢trical rating of
the accessory| Location Category C. See Table 9.1.

Aavisory Notq: For products intended for use in.Ganada, markings shall be in English orlin French and
English; cautipn and warning markings shall be~in" French and English. For products intended for use in
Mexico, all markings shall be at least in Spanish. For products intended for use in the Unjted States, all
markings shall be at least in English. See-Annex D for suitable translations of cautior) and warning
markings.

17.2 The elegtrical rating for each\type of accessory shall contain at least the following infprmation.
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Type of DC or

accessory Volts Amps Hertz VA
Alarm switch X B C -
Auxiliary switch X B C -
Electrical operator X A X A
Over-voltage trip X A X A
Shunt trip X A X A
Under-voltage tpip X ray X A

X — Indicates th
A — Indicates ei
B — Indicates ei
C — Indicates A

17.3 A circuit
sensing and r
used, or shall

a) V

b) R
0.25 3
while

provid

c) ”S
catalo

17.4 If, in ac
from the circu

s information required.

her amperes or VA information required.
her amperes or pilot duty rating required.
C (or frequency in Hz), DC, or both.

blaying equipment, shall be marked to indicate the specific equipment with wj
bear the following marking, Location Category C:

bltage and frequency, or dc, of tripping circuit;

hted tripping current at 0.25 second if for.d¢cor rated tripping current at 0.033
econd if for ac. Where the circuit provides' for automatic disconnection of thg
the circuit breaker or switch contacts-are open, the 0.25 second ac rating ne
ed; and

uitable for Ground-Fault Protection when combined with Class |, or manufac
gue number, Ground-Fault\Sensing Element”, or the equivalent.

ordance with 14.1.2:1 and 14.1.2.2, an accessory is shipped from the fact
t breaker or switchywith which it is intended to be used:

a) The accessory'shall be marked with its own catalogue number or the equivale

name
space
some
used.

or trademark of the manufacturer, and with the electrical rating, except that

breaker or switch provided with a shunt trip accessory, interided for use with ground-fault

hich it is to be

second and
shunt trip
ed not be

turer and

bry separately

nt, with the
when physical
marked with

doesnot/permit permanent marking on the accessory and the accessory is
identification that can be referenced, a removable tag or alternate marking
See15.4.2.2.

eans may be

b) Instructions shall be furnished with the accessory indicating the specific types of circuit
breakers or switches with which the accessory is intended to be used.

¢) A marking label that can be attached to the circuit breaker or switch to identify the field-
installed accessory and its connections shall be furnished with the accessory, along with
instructions for attaching the label to the circuit breaker or switch.

d) Installation and wiring instructions shall be furnished with the accessory unless the
construction makes the installation obvious.
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17.5 A circuit breaker or switch accessory shall be permitted to be marked with a type number indicating
the external conditions as specified in Annex B, Ref. No. 14 for which it is acceptable. A circuit breaker
or switch accessory that complies with the requirements for more than one type shall be permitted to have
multiple designations. Location Category C.

17.6 If an external dropping resistor is intended to be connected between the line terminals of the circuit
breaker or switch and the line terminals of an under-voltage trip device, the circuit breaker or switch shall

be marked to identify this fact. The circuit breaker or switch shall also be marked to indicate the name of
the manufacturer, the catalogue number, and the electrical rating of the resistor. Location Category C.

17.7 Each kit or package of a mechanical interlock shall be marked with:

breaker(s) or

ol EH H £+ H Lol YN EP N | 4 [N walk £ 2l H H
aoriimmeativrr, IIIUIUUIIIH ane ualaluy VI TypUC TIUITIvT T UT TIUTTTIVCT o UT TG uirvul

(es) with which it may be used;

a) Iis
switch
b) The name, trademark, or trade name of the manufacturer; and
c) The method of installation.

iated with the
pakers. As an

shall contain a label to identify each circuit breaker or switch that is assog
bing interlocked and instructions that the installer should-label the circuit br
pel may state: “Circuit breaker is interlocked with circuit breaker

17.8 Each kit
interlock as b
example, a la

”

17.9 Each kit|or package of a lock-off or lock-on device shall:be marked with:
a) Itg identification, including the catalogue ortype number or numbers of the cirquit breaker(s)
or switch(es) with which it may be used;
b) The name, trade name, or trademark\of the manufacturer; and
c) The method of installation unléss the construction makes the installation plainly evident.

17.10 For reg

1711 If an a
and the circuit
(B) must be in
or switch bein
the circuit bre
removed or c(

ommended symbols and-abbreviations, see Annex F.

cessory is available' for field installation in accordance with 14.1.2.1 (c) (4),
breaker or switch shall be clearly marked with the following or equivalent sta
stalled befere énergizing”, where part (A) is the factory installed part of the
j removed‘and (B) is the accessory (or accessories) in question. If any requir
aker would be removed or concealed by the accessory, the accessory sh
vered markings. Location Category B.

the accessory
ement, “(A) or
circuit breaker
cd marking on
bll include the
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ENCLOSURE

S

18 Construction

18.1 General

18.1.1 An overall enclosure provided with a circuit breaker shall comply with Annex B, Ref. No. 15, except

for modificatio

ns and additional requirements as specifically described in this standard.

18.1.2 When conducting the rain test, consideration shall be given to the effects of the operating-handle
position on the integrity of the enclosure.

18.1.3 An ext
mounted on o

18.1.4 Gaske

18.1.5 A circl
an enclosure

18.1.6 Excep
that is intendsd

a) H
the er

b) B

shall withstand the environ

I through an enclosure mental tests.

fs employed on Type 12 or 12K enclosures shall be oil resistant.

it breaker enclosure that includes a meter socket of the semi-flush type shall
['ype 3R and shall additionally be marked concerning its use\as’ specified in

d for outdoor use shall:

closure,

b constructed to prevent water from entering the circuit breaker compartment

level of live parts, and

c)

18.1.7 A circy
not exposed t

of these typeq.

18.1.8 An en(
permitted to b
including a co

a) T

B¢ marked as an enclosure Type 3R.

it breaker enclosure that'cempletely encloses a meter socket so that an ins
b rain shall be permitted-to be marked as an enclosure Type 3, 3S, 4, 4X, ¢

losure intended for surface mounting and a box proper intended for flush mo
e formed ofisheéet steel not less than 1.07 mm (0.042 inch) thick (base meta
ating thickness) provided that:

e length does not exceed 457 mm (18 inches) and the width does not exce

ing operation,

be marked as
P1.5.4.

as noted in 18.1.7, a circuit breaker enclosure that jincludes a ringless mefer socket and

bve a permanent structural system to channel any accumulation of water to the outside of

above the

alled meter is

r combination

Linting shall be
thickness not

bd 356 mm

(14 inghes),

b)

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

c) The thickness of a cover, front, door, trim, and the like provided as part of an enclosure
intended for flush mounting is as specified in Annex B, Ref. No. 15.
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18.1.9 An overall enclosure constructed to accommodate a circuit breaker shall use materials throughout
that are acceptable for the purpose and shall be constructed so as to have the strength and rigidity
necessary to resist the ordinary abuses to which it may be subjected, including any tests specified in this

standard, so that:

a)

b)

It will retain its shape,

Doors will close tightly, and

c) Covers, fronts, and the like will fit properly.

18.1.10 The enclosure mentioned in 18.1.9 shall completely enclose all current-carrying parts whether

cuit breaker in

dead or alive,
position shall
enclosure sha

18.1.11 Where circuit breaker handles are operated vertically rather than rotatiofally or h

uppermost po

18.1.12 A baq
terminate the

additional fastener that requires other than a pull to release the ynit*from its mounting pos

a hold-down K
See 21.7.1.

18.1.13 Door
18.2 Provisic

18.2.1 A doo
shall have prd

18.2.2 Meanqg
accomplished

a) A
b) A

c) A

2l £ 3l HH £L £ 3l H H S 1 2l HEY PN Y H
IUHGIUIUOO v uane }JUOILIUII, VI UT UTT, UT UG UITUUTL UTTCANGT, Aitu vwidTn e i
not have any open hole or slot to provide for the movement of an operatin
Il be reasonably tight and shall have means for mounting.

sition shall be the on position.

k-fed circuit breaker that uses a friction or plug-on bus bat connection shall
field installed ungrounded supply conductors. A back«fed’ circuit breaker prq

it) shall be permitted to be used to terminate field.installed ungrounded supp

5 shall be capable of being opened 90 degrees or more from the closed posi
n for locking

or cover that gives access tosthe interior of the enclosure shall be fasteneg
vision for locking.

shall be provided for the locking of a circuit breaker in the off position.
by any one of the following means:

locking means\that is part of the circuit breaker;
locking means that is part of the enclosure;

lockable door or cover over the circuit breaker handle; or

g handle. The

brizontally, the

hot be used to
vided with an
ition (such as
ly conductors.

tion.

by screws or

This may be

d)

can be easily installed on the circuit breaker or the enclosure.

A separate locking means, with instructions for its installation, which is shipped with and
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18.3 Connections to wiring systems

18.3.1 If knockouts are provided in a circuit breaker enclosure, they may be of any size; but at least two
of them, or more when multiple conduits are involved, shall be located so that the installation of bushings
will not result in spacings between live parts and bushings of less than those specified in Table 6.1.6.1.1
when the knockouts are reamed to accommodate the size of conduit required for the maximum number
and gauge of conductors necessitated by the maximum rating of the circuit breaker intended to be used
in the enclosure.

18.3.2 If threads for the connection of conduit are tapped all the way through a hole in a circuit breaker
enclosure, or if an equivalent construction is used, there shall not be less than 3-1/2 threads in the metal,
and the construction of the device shall be such that a conduit bushmg can be properly attached. If the
threads for the—eoenr s rot-tappes —anclosure wall,
conduit hub, ¢r the like, there shall not be less than five full threads in the metal and‘there shall be a
smooth well-founded inlet hole for the conductors, which shall afford protection to" the conductors
equivalent to [that provided by a standard conduit bushing and which shall have an int¢rnal diameter
approximately| the same as that of the corresponding trade size of rigid conduijtc

18.3.3 A separable conduit hub shall comply with the requirements in 18.3.2
18.4 Ventilatjon

18.4.1 Ventilgting openings shall be permitted in Type 1 and Type 2 enclosures housing a gircuit breaker
having a framg size of 400 A or larger.

18.4.2 A ventjlating opening in an enclosure shall be constructed and located so that no flame or molten
metal will be ¢mitted during the interrupting test on the circuit breaker. See 7.1.7.12.

18.4.3 A venfilating opening in an enclosure shall have such size or shape or shall be $o covered by
screening or by an expanded, perforated, or\louvered metal panel that a test rod having the diameter
specified in 18.4.4 will be prevented from entering.

18.4.4 The tgst rod indicated in 18.4:3 shall be 13.1 mm (33/64 inch) in diameter if thg¢ plane of the
opening is less than 102 mm (4 inches) from an uninsulated live part, or 19.4 mm (49/64 ingh) in diameter
if the plane offthe opening is 102)mm (4 inches) or more from such a part.

18.4.5 A louver shall notsg more than 305 mm (12 inches) in length.

18.4.6 The sige, shape, and location of a ventilating opening shall be such as not to undyly weaken the
overall enclospre:

18.4.7 The total area of enclosure material removed from a wall for ventilation, together with the total area
of ventilating openings as a result of forming the parent material, shall not exceed 25 percent of the area
of the entire surface of any wall in which such ventilating openings are located, except that the 25 percent
limitation may be exceeded provided suitable means of reinforcement, such as stiffeners, are employed
and the enclosure complies with 18.4.6.
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18.4.8 The area of any ventilating opening, as defined by the opening in the parent metal, shall not
exceed 1.29 m2 (200 in?) if the ventilated closing panel is formed from material that has a thickness less
than that of the parent metal. A ventilated closing panel of 1.35 mm (0.053 inch) thick uncoated or 1.42
mm (0.056 inch) thick coated or lighter steel or 14 AWG (2.1 mm?) or lighter wire mesh shall not be used
to close an opening of more than 5.16 m? (80 in).

18.4.9 The wires of a screen of a ventilating opening shall not be smaller than 16 AWG (1.3 mm?) if the
screen openings are 323 mm? (1/2 in?) or less in area, and not smaller than 12 AWG (3.3 mm?) for larger
screen openings. A supplementary screen of smaller openings may be additionally provided. The
supplementary screen shall not be considered in the evaluation of the ventilating opening screen.

18.4.10 Except as perm|tted by 18.4. 11 perforated sheet steel and sheet steel expanded mesh shall not

be less than
mesh opening
(0.080 inch) t

18.4.11 Whe
uninsulated i
below the mir
mesh (base ni

18.4.12 Ifab
with 18.4.13

18.4.13 Exce
m (0.053 ind

18.4.14 A me
it is formed or
the same dim

s or perforatlons are 323 mm2 (1/2 |n2) or less in area, and shall not be less
thick (base metal thickness not including a coating thickness) for larger. 0peni

e the indentation of a guard on an enclosure will not alterGthe clearg

ickness), if the
than 2.03 mm
ngs.

nce between

e parts and grounded metal, so as to affect performance adversely or redluce spacings

imum values given in General, 6.1.6.1, 0.51 mm (0.020 ineh) minimum ex
etal thickness not including a coating thickness) shall be permitted. See 184

prrier is located behind a ventilating opening to comply: with 18.4.2 the barrie
18.4.17.

bt as permitted by 18.4.14 a sheet-metal barrier’shall have a thickness of not
h) if uncoated and not less than 1.42 mm~0.056 inch) if galvanized.

tal barrier shall be permitted to be of steel of thickness less than that indicate
reinforced so that its strength and-rigidity is not less than that of a flat sheet
bnsions as the barrier and of thé_specified thickness.

18.4.15 A nommetallic barrier shall not-befess than 6.4 mm (1/4 inch) thick and shall be su

to give adequ

18.4.16 The t
barrier is locaf
supported so

bte strength and rigidity.

hickness of a nonmetallic barrier shall be permitted to be less than 6.4 mm (
ed so that it will_ not be subjected to mechanical abuse during installation and
hat it will have ‘adequate physical strength and rigidity.

18.4.17 A ventilating.opening in the top of the enclosure shall be covered by a hood or pr

spaced above

the opening to prevent the entry of foreign material.

panded metal
1.8.
r shall comply

less than 1.35

din 18.4.13 if
bf steel having

pported so as

1/4 inch) if the
is located and

btective shield
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18.5 External operating mechanism

18.5.1 It shall not be necessary to expose wiring or live parts in order to operate a circuit breaker installed
in an enclosure.

18.5.2 An operating member that indicates the position of the circuit breaker contacts — closed or open
— shall be constructed so that the door, front, or cover cannot be secured in place so that the member
indicates off or tripped with the circuit breaker contacts in the closed position.

18.5.3 The construction of the operating mechanism shall be such as to provide ample strength and
rigidity. Screws and nuts serving to attach operating parts to crossbars or other movable members shall
be staked, upset, or otherwise locked in position to prevent loosening. Means shall be provided so that

18.5.4 An ex
enclosure.

ernal operating handle of conducting material shall be in electrical .Conhe

18.5.5 A metal rod using the wall of the box as a bearing is considered to be in“electrical ¢

the enclosure

18.5.6 If the
construction g
the off positio

18.5.7 The e
See also 21.2

18.5.8 All me

18.5.9 Metal
protected aga

18.5.10 Ane
subjected to 4
7.1.5.1, baseq
conducted in ¢
malfunction of

position of a circuit breaker is indicated by the pgsitien of the operatin
f the operating mechanism shall be such that the liandle cannot be left rea
h when the circuit breaker is on.

ternal member shall clearly indicate whether the circuit breaker is in the on
1.

al parts, unless of corrosion resistant,material, shall be protected against co

parts that are galvanized, plated) painted, or enameled are considered to
nst corrosion.

ternal operating mechanism that is provided as part of a circuit breaker encl
on the frame size of the circuit breaker used therein. The test shall be p

onjunction with.the endurance test on the circuit breaker. There shall not be a
the operating*mechanism or breakage of the circuit breaker handle.

ction with the

bnnection with

g handle, the
dily at or near

br off position.

rrosion.

be acceptably

psure shall be

in endurance test. . The number of operations shall be as indicated in Column 5 of Table

brmitted to be
ny mechanical
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18.6 Cases - insulating material

18.6.1 A case for mounting an uninsulated live part in a circuit breaker enclosure shall comply with the
requirements in Cases — Insulating Materials, 6.1.3.

18.7 Current-

carrying parts

18.7.1 A circuit breaker enclosure that incorporates current carrying parts other than a neutral shall
comply with the temperature test described in 7.1.4, when tested with its maximum current rated circuit

breaker install

18.7.2 Any terminals

acceptable fo
shall comply

enclosure is 1
acceptable fo

ed and carrying 80 percent of rated current of the circuit breaker.

vith the requirements of 6.1.4.2.2 and 6.1.4.2.3. See Table 6.1.4.2.1. If the
narked as being acceptable for use as service equipment, all terminalsypro
a wire size of at least 8 AWG (8.4 mm?).

18.7.3 In a cifcuit breaker enclosure having line terminals or constructed to be\tised with a

having line ter
be acceptable
Only”. See 21

18.7.4 A sold
connection of
for use as ser

18.7.5 Unlesq
evident, a tern
plating substa

minals acceptable for copper and aluminum conductors, any neutral line term
for copper or aluminum conductors unless the enclosure is marked “Use
4.2.

ering lug or other connection which depends upon”solder shall not be pr
the service conductors to a circuit breaker or circuit breaker enclosure mark
vice equipment.

the terminal parts intended for the connection of the grounded conduct
hinal for the connection of a grounded conductor shall be identified by mean
ntially white in color, or the terminalimay be of a metal substantially white in g

be readily disfinguishable from the other terminals.

18.7.6 A neufral assembly in or for use‘itra circuit breaker enclosure shall have an ampaci

highest ampe
to use on a 3-
be reduced to
it is intended

18.7.7 If acir
assembly nee
if the neutra
accessories W

wire dc or 3-wire, single-phase or 4-wire, 3-phase circuit, the capacity shall b
0 be used. See 21.1.2.

Cuit breaKer-enclosure is acceptable for use both with and without a neutral a
0 not be-mounted in place in the circuit breaker enclosure when it is shipped fi

assembly is shipped completely assembled with the necessary barrie
hich would be required for its use. The neutral assembly is acceptable for fi

provided as part of a circuit breaker enclosure, including the neu
Ze—ahe o tetee-with et destgrated-tobe installed and

tral, shall be

circuit breaker
vided shall be

circuit breaker
nals shall also
Copper Wire

pbvided for the
ed acceptable

or are clearly
s of a metallic
olor, and shall

ly equal to the

e rating of the circuit breaker with which it is intended to be used except that when limited

e permitted to

not less than 200 A*plus 70 percent of the highest circuit breaker ampere rating with which

ssembly, such
om the factory
rs and other
bld installation

if it is complete, needs no field assembly of parts other than terminals, and has appropriate markings. See

21.6.1 and 21

.6.2.
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18.8 Spacings
18.8.1 General

18.8.1.1 The spacings provided in a circuit breaker enclosure shall not be less than the applicable
spacings of 6.1.6.1.1 — 6.1.6.1.14.

18.8.1.2 Except as indicated in 18.10.3.1 and 18.10.3.2, a terminal that is intended to accommodate the
grounded conductor shall comply with the requirements in 18.8.1.1. The voltage between the terminal
intended to accommodate the grounded conductor and grounded metal is considered to be equal to the

line to neutral

18.8.2 Wiring

voltage of the supply.

Craona

18.8.2.1 Then
intended to b4

18.8.2.2 In th
mm?) will not
cables, rather
conductors la
conductors un

also to indicaje that the use of larger conductors will necessitate their being brought into

directly oppos|

18.8.2.3 A ci
aluminum co
identified as
proper size al

18.8.2.4 With
provided is tw
wires enter th

!

ppave

e shall be adequate space within an enclosure for the installation and tefminat
employed.

e consideration of wiring space, it is assumed that conductors larger than 7

than one 1500 kcmil (760 mm?2) conductor. If terminals dre Provided for the
ger than 750 kemil (380 mm?), the wiring space provided shall be adequate
less the enclosure is marked to indicate the size of¢conductors for which it ig

te the wiring terminals to which they are to be ¢connected.

cuit breaker enclosure having terminals~identified as being acceptable w
ductors and an enclosure intended to ‘be used with circuit breakers ha
eing acceptable with copper or aluminum conductors shall provide wiring
iminum conductors.

regard to the requirement 0f18.8.2.1, the number of wires for which wiring
ce the number of circuit-breaker poles — the maximum number of wires invo
e enclosure at the end“epposite to the end at which the terminals to whig

connected ar
required. The
wiring space

make their refnoval difficuit)

18.8.2.5 If knpckouts are provided in a side wiring space, the width of such a space shall
accommodatd — with regard to bending — the maximum size of wire for the particular appl

located. If a solid_heutral terminal is supplied, wiring space for such wirg
rovision of barriérsto prevent the running of wires end-to-end is acceptable
therwise required if the barriers are riveted, welded, or otherwise secured

jon of all wires

50 kemil (380

be used. For example, a 600 A connection will usually inyodlve two 350 kemil (177 mm?)

connection of
for the larger
intended and
the enclosure

ith copper or
ing terminals
space for the

space is to be
Ilved when the
h they will be
s will also be
in place of the
in place as to

be such as to

cation, except

that side wiring.spaces of less width shall be permitted if knockouts of appropriate siz¢ are properly
located elsewhere, and if they can be used conveniently in the normal wiring of the device. The minimum
wiring space for conductor sizes of 8 AWG (8.4 mm?) and larger are given in Tables 18.8.2.1 and 18.8.2.2.
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Table 18.8.2.1
Minimum wire-bending space at terminals in mm
Wire size Wires per terminal (pole)?
AWG or kcmil (mm?) 1 2 3 4 or more
14 -10 (2.1 -5.3) Not specified - - -
8 (8.4) 38.1 - - -
6 (13.3) 50.8 - - -
4 (21.2) 76.2 - - -
3 (26.7) 76.2 - - -
2 (33.6) 88.9 - - -
1 (42.4) 114.3 - - -
1/0 (53.5) 127 127 177.8 -
2/0 (67.4) 152.4 152.4 190.5 -
3/0 (85.0) 165.1  (12.7) | 165.1  (12.7) | 203.2 -
4/0 (107) 177.8  (25.4) | 1905 (38.1) [YZ15.9 (12.7) -
250 (127) 2159 (50.8) | 2159 (50:8) | 228.6 (25.4) 254
300 (152) 254  (76.2) | 2545 )(50.8) | 279.4 (25.4) ||304.8
350 (177) 304.8 (76.2) | 3048 (76.2) | 330.2 (76.2) ||355.6 (50.8)
400 (203) 330.2 (76.2)¢}.'830.2 (76.2) | 355.6 (76.2) ||381.0 (76.2)
500 (253) 3556 (76.2) | 355.6 (76.2) | 381.0 (76.2) ||406.4 (76.2)
600 (304) 381.0 «\(76.2) | 406.4 (76.2) | 457.2 (76.2) ||482.6 (76.2)
700 (355) 40640 (76.2) | 457.2 (76.2) | 508.0 (76.2) ||558.8 (76.2)
750 (380) A31.8 (76.2) | 4826 (76.2) | 558.8 (76.2) ||609.6 (76.2)
800 (405) 457.2 508.0 558.8 609.6
900 (456) 482.6 558.8 609.6 609.6
1000 (507%) 508.0 - - -
1250 (633) 558.8 - - -
1500 (760) 609.6 - - -
1750 (887) 609.6 - - -
2000 (1013) 609.6 - - -
a Wire bending gpace may be reduced by the number of millimeters shown in parentheses under the following donditions:
1. Only rempvablewire connectors receiving one wire each are used (there may be more than one removaple wire
connector per tegfminal).
2. The removable wire connectors can be removed from their intended location without disturbing structural or electrical
parts other than a cover, and can be reinstalled with the conductor in place.
mm 12.7 25.4 38.1 50.8 76.2 88.9 114.3 127 152.4  165.1 177.8
inch 1/2 1 1-12 2 3 3-1/2 412 512 6 6-12 7
mm 190.5 203.2 2159 2286 254 279.4 3048 3302 3556 381.0 406.4
inch 7-12 8 812 9 10 11 12 13 14 15 16
mm 431.8 4572 482.6 508.0 558.8 609.6
inch 17 18 19 20 22 24
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Table 18.8.2.2
Minimum width of gutter and wire-bending space for conductors through a wall not opposite
terminals in mm (inches)®P

Size of wire Wires per tt?rmlnal (pole)
mm (inches)
AWG or kcmil (mm?) 1 2 3 4 5
14 -10 (2.1 - 5.3) Not specified - - - -
8-6 (8.4 -13.3) 38.1 (1-1/2) - - - -
4-3 (21.1 - 26.7) 50.8 (2) - - - -
2 (33.6) 63.5 (2-1/2) - - - -
1 (42.4) 76.2 (3) - - ~ -
1/0 — 2/0 (53.5 - 67.4) 88.9 (3-1/2) | 127 (5) 178 (7) - -
3/0 — 4/0 (85.0 — 107) 102 (4) 152 (6) 203 (8) - -
250 (127) 114 (4-1/2) | 152 (6) 203 (8) 254 (10) -
300 — 350 (152 - 177) 127 (5) 203 (8) 254 (10) 305 (12) -
400 - 500 (203 — 253) 152 (6) 203 (8) 254 (10) 305 (12) 356 (14)
600 — 700 (304 — 355) 203 (8) 254 (10) 305 (12) 356 (14) 406 (16)
750 — 900 (380 — 456) 203 (8) 305 (12) 356 (14) 406 (16) 457 (18)
1000 — 1250 (507 — 633) 254 (10) - - - -
1500 — 2000 (760 — 1010) 305 (12) — — — —
@ The table inclydes only those multiple;conductor combinations that are likely to be used. Combinations not m¢ntioned may
be given further]consideration.
b For circuit brefikers rated 1256 A\6r less, and marked to indicate use of both 60°C and 75°C wire, the wire ber|ding space is
based on the uge of 60°C (140°F) insulated wire.
18.8.2.6 The [learwiring space at any point, independent of all projections, obstructions, ¢r interference
from moving partsvof the operating mechanism, shall not be less in width nor in depth than the values
given in Table~1t8:8-275:
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18.8.2.7 The clear wiring space, independent of all projections, obstructions, or interference from moving
parts of the operating mechanism, shall be fully adequate for the wiring of the device, and shall not be
less in total area than 250 percent of the total cross-sectional area of the maximum number of wires that
may be used in such space.

18.8.2.8 Minimum values for some of the more common multiple-wire conditions are given in Table
18.8.2.3.

18.8.2.9 To determine if a wiring space complies with the requirements of 18.8.2.7, consideration shall
be given to the actual size of wires that will be used in that space, but it is to be assumed that wires
smaller than 12 AWG (3.3 mm?) will not be used. In computing the actual area of a wiring space,
consideration shall be given to all the available space that is permitted for the placement of wires.

18.8.2.10 For
in Table 18.8.
breaker enclo

a circuit breaker, the wire-bending space at the line and load terminals shall’l
P.1 for the conductor size that corresponds with the maximum ampere ratin
sure.

e as specified
y of the circuit

18.8.2.11 Th¢
circuit breake

wire-bending space from a connector to any barrier or other obstruction th
enclosure shall be as specified in Table 18.8.2.2.

at is part of a

r S bend from
ured from the

18.8.2.12 Ifa
the terminal tq
end of the ba

wire is restricted by barriers or other means from being bent in a 90-degree ¢
any usable location in the wall of the enclosure, thé\distance shall be meag
rier or other obstruction.

t line from the
rrier. The wire
perpendicular
to prevent its
or the like. A

18.8.2.13 Th¢ distance indicated in 18.8.2.10 and 18.8.2.11\shall be measured in a straigh
edge of the wire terminal closest to the wall in a direction~perpendicular to the box wall or bg
terminal shall pe turned so that the axis of the wire gpening in the connector is as close to
to the wall of fhe enclosure as it can assume without defeating any reliable means provideq
turning, such ps a boss, shoulder, walls of a recess, multiple bolts securing the connector

barrier, shouldler, or the like shall be disregarded when the measurement is being made
reduce the raglius to which the wire must be-bent. If a terminal is provided with one or md
for the connegtion of conductors in multiple; the distance shall be measured from the wire o
to the wall off the enclosure. Side wire bending space, such as at a neutral in side g
measured in g straight line from the center of the wire opening in the direction the wire leave

18.8.2.14 The construction and arrangement of the operating mechanism and its relatior
space shall bg such that it.will not cause injury to wires.

if it does not
re connectors
bening closest
Litter, shall be
s the terminal.

to the wiring

he purpose of

18.8.2.15 If g circuit.breaker enclosure is divided by barriers into separate sections for t
isolating watt-pout meters so that field wiring is not installed from one section to another,

d is provided

with a separate‘cover for the meter socket compartment that may be individually sealed, the wiring space,
wiring gutters, and wire bending space required in each section shall be based only on the field installed
conductors to be located in that section. Further, the wiring space, wiring gutters, and wire bending space
in the meter socket compartment shall be permitted to be in accordance with the requirements in Annex
B, Ref. No. 16.
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18.9 Equipment grounding terminals

18.9.1 Provision shall be made in circuit breaker enclosures for the termination of grounding conductors.

18.9.2 The grounding means shall be permitted to be in the form of a kit. See 21.4.10.

18.10 Enclosures suitable for use as service equipment (not for use in Canada)

18.10.1 General

18.10.1.1 The requirements in 18.10 do not apply to enclosures suitable for use as service equipment
that are intended for use in Canada. Such enclosures shall instead comply with the requirements in

Q 44

Enclosures suyit

18.10.1.2 The
in Figure 18.1

18.10.2 Discq

18.10.2.1 A ¢

conductor, shall, if marked to indicate that it is acceptable for use as’ service equipment, be

means for dis
18.10.2.2 The
piece intende
provided with

18.10.2.3 Ifa
separate conr

18.10.3 Prov

18.10.3.1 A g

have provisiop for connection of_the grounding electrode conductor to the grounded serv

The size of th
soldering lug

18.10.3.2 Thd
18.10.3.1, to
permitted to b

Halkla £ H i 3 (£ H o Ao\ O 'H 4
NAVIC TUT UOoT do oTUTVILT TUUIMITITTIU {TUT UuotT 1T wdriaua ), Joutuult TO. T T.

grounding and bonding terms used in Section 18.10 are in accordance with
D.1. The corresponding CEC and ANCE terms are also provided for, informat

bnnecting Means

ircuit breaker enclosure which has provision for the cénnéction of a gro
connecting the grounded service conductor from the grounded load conductg
required disconnecting means shall be permitted to be a link, screw, or sim
I to make connection between two terminals; it shall be permitted to be a

a terminal or terminals.

disconnecting means as described irr,18.10.2.1 is provided, there shall be pr
ection of the grounded line and load conductors.

sion for Grounding
ircuit breaker enclosure~marked as being acceptable for use as service eq

e grounding electrode conductor terminal shall be in accordance with Tabl
br other connec¢tion means that depends upon solder is not acceptable.

re shall-be- provision for connection of the grounding-electrode conducto
the grounded conductor, if a grounded conductor is provided. The proyv
b on, the equipment-grounding terminal assembly, bus, or the like if the main-b

is a bus bar g

he UL column
ion.

inded service
provided with

-

lar conducting
terminal plate

ovision for the

uipment shall
ce conductor.
b 18.10.3.1. A

r, indicated in
sion shall be
onding jumper

rwire and is connected directly from the grounded conductor to the equipm

ent-grounding

terminal assembly. See Figure 18.10.1.
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Table 18.10.3.1
Size of grounding electrode conductors and main bonding jumper

Ampere Minimum size of main Minimum cross section of Minimum size of grounding
rating bonding jumper terminal®b:¢ main bonding jumper in electrode conductor terminal
not ex- AWG or kemil (mm?) square mm (inch?)®b AWG or kemil (mm?2)

ceeding Copper Aluminum’ Copper Aluminumi Copper Aluminumi

90 8 (8.4) 6 (13.3) 8.49  (0.013% | 13.59 (0.0219) 8 (8.4) 6 (13.3)
100 6 (13.3) 4 (21.2) 1359 (0.0219) | 21.3¢ (0.033% 6 (13.3) 4 (21.2)
125 6 +3-3 4 {2-2y——+3-5d—(p-0p4dy 1 —n4-ad (50334 6 +3-3) 4 (21.2)
150 6 (13.3) 4 (21.2) | 135 (0.021%)| 21.3%® (0.033°) 4 (212) 4 (21.2)
200 4 (21.2) 2 (33.6) 21.3% (0.033%) | 33.5¢ (0.052°) 3 (26.7) 3 (33.6)
225 2 (33.6) 1/0 (53.5) | 33.5%9 (0.052%9)| 53.5%9 (0.083"9) 2 (33.6) 1/0 (53.5)

400 10" (53.5) | 30" (85.0) | 53.59" (0.0839N) | 85.29h (0.1329%)| 200  (67.4) | [30"  (85.0)

500 10| (535 | 30  (850) | 535 (0.083) | 852 L(®132)| 30  (85.0) | |30  (85.0)
600 20| 674y | 40 (1072)| 677 (0105 | T07 (0.166) | 30  (85.0) | |40  (107.2)
800 20|  ®674) | 40 (1072)| 677 (0105 107 (0.166) | 30  (85.0) | |40  (107.2)

1000 30| (850 | 250 (127) | 852 ~N0.132) | 126 (0.196) | 300  (85.0) | [250  (127)
1200 | 250 (127) | 250  (127) | 44 (0177)| 126 (0.198) | 30  (85.0) | [250  (127)
1600 | 300| (152) | 400 (203}~ 152 (0236) | 190 (0294) | 30  (85.0) | [250  (127)
2000 | 400 (203) | 500 (\253) | 190 (0.294) | 228 (0.353) | 30  (85.0) | |[250  (127)
2500 | 500 (253) [«700  (355) | 228 (0.353) | 332 (0515 | 30  (85.0) | |[250  (127)

3000 | 600 (304).)| 750  (380) | 266 (0.412) | 380 (0.589) | 30  (85.0) | [250 (127

4000 750 (380) 1000 (507) 380 (0.589) 523 (0.810) 3/0 (85.0) 250 (127)
@ The cross section shall be permitted to be reduced to 12.5 percent of the total cross section of the largest main service
conductor(s) of the 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.
b For equipment rated 1200 A or more and that has wiring terminals intended to connect service conductor wires sized larger
than 600 kemil (304 mm?) copper or 750 kemil (380 mm?) aluminum, the cross section of the main bonding jumper shall be at
least 12.5 percent of the total cross section of the largest main service conductor(s) of the same material (copper or aluminum)
for any phase
¢ These are also sizes for the grounded service conductor of 18.10.3.3.
d A No. 8 (4.17 mm) or larger brass or No. 10 (4.83 mm) or larger steel screw shall be permitted.
€ A No. 10 (4.83 mm) or larger brass or steel screw shall be permitted.

f A No. 10 (4.83 mm) or larger brass or steel screw shall be permitted.
9 A 6.4 mm (1/4 inch) diameter or larger brass or steel screw shall be permitted.

Table 18.10.3.1 Continued on Next Page
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Table 18.10.3.1 Continued

Minimum size of grounding
electrode conductor terminal
AWG or kemil (mm?2)

Ampere Minimum size of main Minimum cross section of
rating bonding jumper terminal®?¢ main bonding jumper in
not ex- AWG or kemil (mm?) square mm (inch?)ab

ceeding Copper [ Aluminumi Copper [

Copper | Aluminumi

in?) aluminum.

h When the ampere rating is 400 and the wire terminal connectors for the main service conductors are acceptable for two 3/0
AWG (85.0 mm?2) copper or two 250 kemil (127 mm?2) aluminum conductors but will not accept a 600 kemil (304 mm?) copper
conductor, these values shall be permitted to be reduced to 2 AWG (0.052 in?) (33.6 mmZ2) copper or 0 AWG (53.5 mm?) (0.083

i The Canadian Electrical Code CSA C22.1 requires copper conductor to be used as a grounding electrode conductor.

Figure 18.10.1

Typical grounding system for single-phase service
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Note: This figure is only-intended to show the use of terminology it is not intended to represent construction

practicps.

UL TERMS

CEC TERMS

ANCE TERMF

A— Ungrounded service conductor

B- Grounded service conductor

C— Grounding electrode conductor

D- Insulated neutral bus

E- Bonding jumper

Ungrounded service conductor

Grounded service conductor

Grounding conductor

Neutral bus

Bonding jumper

Table Continued on Next Page

Conductores de fase de la acometida

Conductor de acometida puesto a tierra

Conductor de electrodo de puesta a
tierra

Barra para neutro

Puente de union
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Table Continued
UL TERMS CEC TERMS ANCE TERMS
F— Ground bus Bonding bus/bonding connector Barra para puesta a tierra
G- Equipment grounding conductor Bonding conductor Conductor de puesta a tierra del equipo
H- Grounded circuit conductor Identified circuit conductor Conductor del circuito puesto a tierra
|- Ungrounded circuit conductor Ungrounded circuit conductor Conductores de fase del circuito
J- Screw serving as bonding jumper  Bonding screw Tornillo que sirve como puente de

union

18.10.3.3 A circuit breaker enclosure that is marked for service equipment use shall have a terminal for

a grounded s
grounded ser
conductor terr

a) A
in Tal

b) B
c)
The terminals

18.10.34 A's
service condu
separately se

18.10.4 Prov

18.10.4.1 Thg
21.8.4.

18.10.4.2 If th
device that ca
breaker enclo

a) C

Be¢ directly connected to the grounding electrode conductor terminal.

rvice Cconauctor ever tmnougn it Nnas Nno provision 10T d 10d4d CONAuUcCtor 10 be CO
ice conductor. If there is no provision for such as load conductor, the)gro
ninal shall:

ccommodate a conductor of the same size as the grounding electrode condu
le 18.10.3.1,

b bonded to the enclosure, and

need not be supplied if the circuit breaker enclosure is marked as covered i
ngle wire connector shall be permitted fof*both the disconnecting means for
ctors and the connection of the grounding electrode conductor if the connectg
uring one, two, or three conductors.
sion for Bonding

terminal indicated in 18.8.1.2 may be in electrical connection with the ¢
e connection indicated in 18.10.4.1 is solely by means of a screw, strap, or
h be readily remoVved and is not depended upon to perform a mechanical func

sure shall;

bmply_with the requirement in 18.8.1.1 when the bonding device is removed,

nected to the
unded service

ctor specified

n 21.8.1.

the grounded

ris capable of

nclosure. See

other bonding
ion, the circuit

or

b) B

p marked as described in 21.8.7.

18.10.4.3 If the bonding device described in 18.10.4.2 is provided with but not installed in the circuit
breaker enclosure and is such that the circuit breaker enclosure complies with the requirements in
18.8.1.1, the marking described in 21.8.8 shall be permitted.


https://ulnorm.com/api/?name=UL 489 2019.pdf

OCTOBER 24, 2016

NMX-J-266-ANCE-2016 ¢ CSA C22.2 NO. 5-16 ¢ UL 489

197

18.10.4.4 Except for steel or brass screws as specified in Table 18.10.3.1, a main bonding jumper shall
be of copper or aluminum and shall have a cross-sectional area as indicated in Table 18.10.3.1.

18.10.4.5 Except when the intended use and method of installation are obvious, instructional markings
shall accompany the bonding device indicated in 18.10.4.3.

18.10.4.6 With reference to 18.10.4.2, if the main bonding jumper is a screw, the screw shall have a
green-colored head. The screw shall be visible without disassembly or removal of devices inside the
circuit breaker enclosure.

18.10.5 Provisions for Ground-Fault Protection

18.10.5.1 G
wye-connecte
intended for

and are marké

relaying equi
ungrounded ¢
1200 A. The
assumed that
3-phase, 4-wi
21.12.1. The

a) T

b) G
21.10

c) If
sourc
syster

18.10.5.2 WN
installation of
21.10.4, the d
open a sourcs
in Annex B, R

18.10.5.3 A

gystem is assumed to be solidly grounded unless marked as\indicated in 21.

following conditions shall also be permitted:

i services in excess of 150 V to ground, but not exceeding 1000 V phase-tes
se with a minimum 1000 A rated circuit breaker and all enclosures rated "2(
d for service equipment use only in accordance with 21.8.4. The ground-fau
bment provided shall operate to cause the service disconnecting mean
bnductors of the faulted circuit. The maximum setting of the ground-fault prot

a 3-phase, 3-wire enclosure shall be permitted to be eonnected to a so
e, wye-connected service unless the enclosure is marked-as specified in 21.

e ground-fault protection shall be permitted to be integral to the circuit breal

round-fault protection need not be providedfor an enclosure marked in acco
2.

marked in accordance with 21.10.3; ground-fault protection need not be proy
b intended to supply power to afire pump, or an alternate source for an eme
h or required standby systemtas defined in Annex B, Ref. No. 2.

ere ground-fault protection is provided, it shall comply with the require
jround-fault protection equipment in this standard, except that, if marked in ag
round-fault protection shall be permitted to initiate an audible or visual sigr
intended for emergency or required standby systems in accordance with thg
ef. No. 2.

jround-fault protection system that uses a sensing element that encirclg

conductor (if
installed in s

chh a manner that the sending element is located on the load side of any

ny).and all ungrounded conductors of the protected circuit (zero sequence

idly grounded

bhase that are
00 A or more
It sensing and
s to open all
bction shall be
10.2. It is also
idly grounded
10.2. See also

er.

rdance with

ided for a
rgency

ments for the
cordance with
al rather than
requirements

s the neutral
type) shall be

grounding or

bonding connections to the neutral. It shall be permitted to be on the line or load side of the disconnecting

device for the

protected circuit.

18.10.5.4 A ground-fault protection system that combines the outputs of separate sensing elements for
the neutral (if any) and each ungrounded conductor (residual type) shall be installed in such a manner that
the neutral sensing element is located on the load side of any grounding or bonding connection to the
neutral. The ungrounded conductor sensors shall be permitted to be on the line or load side of the

disconnecting

device for the protected circuit.
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18.10.5.5 A ground-fault protection system that uses a single sensing element to detect the actual fault
current (ground return type) shall be installed in such a manner that the sensing element detects any
current that flows in the grounding electrode conductor, the main bonding jumper, and any other
grounding connections within the enclosure that may be made to the neutral. This will require the neutral
to be insulated from noncurrent-carrying metal.

18.10.5.6 If the enclosure or ground bus is factory bonded to the neutral, any conductive part connected
to the neutral that would interfere with the operation of a ground-fault protection system, if in contact with
the enclosure, shall be insulated and provided with at least 3.2 mm (1/8 inch) spacings through air or over
surface to the enclosure. For zero sequence type ground-fault protection, or the residual type ground-fault
protection, parts that would interfere with its operation if grounded include all neutral parts on the load side
of the neutral current sensing means. For the ground return type, parts that would interfere with its

operation if g 8
side of the se

18.10.5.7 In &
18.10.5.5, the
(or the enclos
with 21.8.4.

18.10.5.8 A d
or its leads d(

18.10.5.9 If th
is required to

nsing means.

n enclosure incorporating ground-fault protection of the ground return type a
main bonding jumper shall be factory connected to the neutral bUs-and to tf
ire frame if a ground bus is not provided) and the enclosure shallbe marked

round-fault protection sensor shall be securely mounted'to reduce the risk o
ring shipment.

e construction of ground-fault sensing and relaying equipment is such that a
restore the equipment to functional status following operation due to a groun

a) The construction shall be such as to prevent closing and maintaining contact g

discor
the re
b) S
18.10.5.10 A
be operated f
more than 15
individual ove
rated primary

a) A

necting device to be controlled by .the ground-fault sensing and relaying eqy
et operation is performed, or

ich means shall be incorporated in the disconnect device.

ground-fault protection centrol circuit transformer with a primary rating of 12
om a circuit protected by either a circuit breaker or branch circuit type fuse

A. A transforméryhaving a primary rating greater than 12 A shall be pr
rcurrent devicelin the primary connection, rated or set at not more than 125
current of the transformer, except that:

fuse rated 2 A or less may be a miscellaneous fuse.

b) O

bercurrent protection shall not be required for the shunt trip coil of a circuit b

on the ground

s described in
he ground bus
in accordance

f damage to it
eset operation

d fault or test:

f the
ipment until

A or less shall
s rated at not
btected by an
percent of the

reaker used

with ground-fault protection if the coil is connected to the load side of the controlled circuit
breaker as covered in 18.10.5.11.

18.10.5.11 The primary of a ground-fault protection control circuit transformer shall be permitted to be
connected on the line or load side of the main disconnect or to an external source. The primary of such
a transformer shall be connected to two line voltage parts (not line and neutral). If connected to the line
side of the main, or an external source, a fused disconnect switch or circuit breaker rated for use as
service equipment and providing overcurrent protection as covered in 18.10.5.10 shall be installed ahead
of the transformer or control circuit. Overcurrent protection is not required for the control circuit if wired to
the load side of the main disconnect unless the control circuit contains a snap switch. Markings as
indicated in 21.10.1 or 21.10.5 shall be provided if the transformer is not connected to the load side of the
main disconnect.


https://ulnorm.com/api/?name=UL 489 2019.pdf

OCTOBER 24, 2016

NMX-J-266-ANCE-2016 ¢ CSA C22.2 NO. 5-16 ¢ UL 489

199

18.10.5.12 The control circuit of a ground-fault protection system shall be connected on the line side of
the main disconnect if a test or monitor panel is provided and if such connection is required for intended

functioning of

18.11 Enclos

the panel.

ures suitable for use as service equipment (for use in Canada)

18.11.1 General

18.11.1.1 The requirements in 18.11 apply only to enclosures suitable for use as service equipment
intended for use in Canada.

18.11.1.2 Mol

ded case
4 44 .0 a4 0.4 4. 0.4
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breaker, such
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4
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as phase-failure or phase-reversal relays, shall be permitted te'be installed in
nt shall comply with the requirements in 4.17.4 of Annex ‘B, Ref. No. 17.
enclosure shall have provision such that incoming setvice conductors are ca
he line side of the circuit breaker while maintainifg Separation from conduct
e of the circuit breaker i.e. without crossing overeach other.

pre shall be provision for locking andcsealing the enclosure to preve
persons.

handle of the service-disconnecting circuit breaker shall be lockable in the

ere a service requires a neutral conductor, enclosures marked as suitab

circuit breaker enclosures intended for use as service equipment shall comply

baker shall be

b of the circuit
the enclosure.

pable of being
prs connected

nt access by

OFF position.

le for service

accordance with 21.9.2 shall be provided with a neutral assembly. The neutral assembly

Hed with an adequate, number of suitable pressure-terminal connectors, cla
ns for connecting the.following:

coming grounded circuit or grounded service conductor;
brresponding outgoing identified conductor if any;

ounding conductor;

mps, or other

d)

e)

Bonding jumper conductor to the enclosure; and

Bonding jumper conductor to the service raceway (or equivalent).

The grounding conductor terminal size shall be determined in accordance with Table 18.11.1. The
terminal size for bonding jumper conductors shall be determined in accordance with Tables 18.11.2 and
18.11.3.
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18.11.1.9 The bonding jumper connection described in 18.11.1.8(d) shall be permitted to be omitted if a
nonferrous or corrosion resistant steel screw is provided for bonding the service equipment enclosure to
the neutral bar (convertible neutral). The screw shall not be less than:

a) No. 10 for equipment rated at 100 A or less;

b) 6.3 mm diameter for equipment rated over 100 A and up to and including 225 A; and

c) 7.9 mm diameter for equipment rated over 225 A and up to and including 400 A.

18.11.1.10 The neutral assembly described in 18.11.1.8 shall be:

a) CJIIOtI UUtUd ouuh that It ID IIIDU:GtUd fIUIII thc UIIU:UDUIG,
b) Bended to the enclosure if installed within the enclosure before shipment, and
c) Mprked in accordance with 21.9.4.

18.11.1.11 Equipment intended for service use shall be provided with witing leads not gmaller than 8
AWG (8.4 mn}?) or with terminals acceptable for connection of 10 AWG. (5.3 mm?) or larger conductors.

18.11.2 Ground Fault Protection

18.11.2.1 Grqund fault protection equipment shall comply with.the requirements of Rule 14-102 in Annex
B, Ref. No. 1 under the Canada column. See Annex E for additional information.

Table 18.11.1
Minimunp size of grounding conductor for AC systems or common grounding cpnductor

Ampacity |of largest service conductor or Size of copper grounding conductor

equivalent for multiple conductors AWG (mm?)
100 or less 8 (8.4)
101 to 125 6 (13.3)
126 to 165 4 (21.1)
166 to 200 3 (26.7)
201 to 260Q 2 (33.6)
261 10355 1/0 (53.5)
35619475 2/0 (67.4)
Qver 475 3/0 (85.0)
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Table 18.11.2
Minimum size of bonding jumper conductor to service enclosure
Rating or setting of overcurrent Size of bonding Conductor
device in circuit ahead of equipment, Copper wire Aluminum wire
conduit, etc. not exceeding — AWG (mm?) AWG (mm?)
Amperes

20 14 (2.1) 12 (3.3)

30 12 (3.3) 10 (5.3)

40 10 (5.3) 8 (8.4)

60 10 (5.3) 8 (8.4)

100 8 (8.4) 6 (13.3)

200 & (133) 4 (21.1)

300 4 (21.1) 2 (33.6)

400 3 (26.7) 1 (42.4)

500 2 (33.6) 1/0 (53.5)

600 1 (42.4) 2/0, (67.4)

800 1/0 (53.5) 3/0 (85.0)
1000 2/0 (67.4) 4/0 (107.2)

1200 3/0 (85.0) 250 kemil (127)

1600 4/0 (107.2) 350 kemil 177)

2000 250 kemil (127) 400 kemil (203)

2500 350 kemil (177) 500 kemil (253)

3000 400 kemil (208) 600 kemil (304)

4000 500 kemil (253) 800 kemil (405)

5000 700 kemil (355) 1000 kemil (507)

6000 800 kemil (405) 1250 kemil (633)

Table 18.11.3
Minimum size of bonding jumper for service raceways
Ampacity| of largest service Size of bonding jumper
conductor or pquivalent for multiple Copper wire Aluminum wire

cpnductors AWG (mm?2) AWG (mm?)

100 or less 8 (8.4) 6 (13.3)

200 6 (13.3) 4 (21.1)

400 4 (21.1) 2 (33.6)

600 2 (33.6) 1/0 (53.5)

800 1/0 (53.5) 2/0 (67.4)

1000 2/0 (67.4) 3/0 (85.0)
1200 3/0 (85.0) 4/0 (107.2)

19 Performance (Short-Circuit Current Ratings)

19.1 General

19.1.1 These requirements cover circuit breaker enclosures intended for use with their identified circuit
breakers on circuits having available short circuit currents of not more than 200,000 A, rms symmetrical.
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19.1.2 Except as permitted by 19.1.3 — 19.1.5, a circuit breaker enclosure with short-circuit current ratings
shall be subjected to short-circuit current tests, and dielectric voltage-withstand tests with representative
circuit breakers installed.

19.1.3 A circuit breaker enclosure shall be acceptable without short-circuit testing for the short-circuit
current rating equal to the minimum interrupting rating of 5000, 7500, or 10,000 A of the circuit breaker(s)
identified for use in the enclosure.

19.1.4 Unless further restricted as noted in 19.1.3, a circuit breaker enclosure using meter-mounting
equipment shall be acceptable without any short-circuit testing for 10,000 A or less as the short-circuit

current rating.
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e used in the
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circuit breaker
position, durin
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likely to arc to the enclosure.xFhe fuse shall have a voltage rating not less
onnection shall be made to the load side of the limiting impedance by a 10 A
2 -1.8 m (4 — 6 feet) long."The fuse may be connected to the grounded ¢
is intended for use on a-grounded system.

. If the enclosure is to be provided with a door, the door shall be installed ang
short circuit-.current test.

it breaker of the intended type having the maximum ampere rating shall be
cireuit breaker samples shall be permitted to be used for the maximum short

s not apply to
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h construction,
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of the indoor

he line lead of
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closed during
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19.3.5 A circuit breaker having adjustable trip features shall have all adjustments set at maximum current
or time settings.
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19.4 Line connections

19.4.1 The circuit breaker enclosure or circuit breaker line terminals shall be connected by means of
copper cables having an ampacity, based on Table 6.1.4.2.1, nearest to but not less than the rating of the
circuit breaker enclosure or the installed circuit breaker. The cables shall enter the gutter through
approximately 305 mm (12 inches) of conduit at the line end of the enclosure, at a point that provides the
maximum length of unsupported cables within the enclosure. The line terminals shall be wired and
tightened to the torque marked on the circuit breaker. The cables shall not be braced inside the enclosure
unless the construction includes provision for such bracing. A cable shall be permitted to be braced as it
leaves the conduit on the supply side.

19.4.2 The value of tightening torque marked on a circuit breaker enclosure with meter-mounting

equipment shat-be—tusecH-steh-markingappearsontheenclostre—————————————————

19.4.3 Each |
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| dimensions of such bars shall be 2.4 by 19.1 mm (3/32 by 3/4 inch).

lied through a
tted.

hals shall be
not less than
ep them from
short-circuited
ble length as

in 19.4.3 and
ds or bus bars

all be in place
n the jaws of
sformers. The
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19.7 Short-circuit procedure

19.7.1 A 3-phase circuit breaker enclosure shall be tested on a 3-phase circuit using a 3-phase circuit
breaker. These tests shall be permitted to qualify a single-phase circuit breaker enclosure.

19.7.2 A single-phase circuit breaker enclosure using adjacent bus bars of the 3-phase construction shall
be tested on a single-phase circuit controlled as indicated in 19.7.7.

19.7.3 A circuit breaker enclosure rated for a wye-connected system and intended to accommodate only
single-pole circuit breakers shall be tested on a wye-connected, 3-phase, 4-wire supply at the highest
marked voltage rating, with a short circuit from one line to neutral and line potential applied to the adjacent
circuit breaker with that circuit breaker in the on position.

Exception: A delta connected supply may be used at the phase-to-phase voltage ratingl of the device
connected in accordance with UL 489.

19.7.4 A circyit breaker enclosure having a higher short-circuit current rating forcline-to-neutral faults than
for line-to-line|faults shall be tested with line-to-neutral faults as well as line-totline faults.

19.7.5 The open-circuit voltage at the supply connection shall be 100 %105 percent of rated voltage for
the test being|conducted, except that, a voltage higher than 105 percent shall be permitted to be used if
agreeable to the submitter and the testing agency. The supply frequency shall be in the rapge of 48 — 60
Hz.

19.7.6 Randgm closing shall be used for the 3-phase maximum current withstand test.

19.7.7 Contrdlled closing shall be used for the single-phase maximum current withstand tgst. Closing of
the test circuif shall occur within 10 electrical degrees of the zero point of the supply-voltage wave.

19.7.8 The ayailable rms symmetrical current’shall be determined at the test-station tefminals unless
cable lengths,|as described in 19.5.2, are used.

19.7.9 The mjagnitude of the test current and the power factor shall be determined by the applicable
method described in C1 — C5 of Annéex C. The power factor shall be in accordance with Table 7.1.7.4.

19.7.10 The fvailable short-circuit current in rms symmetrical amperes shall not be [ess than the
short-circuit clirrent specified for the test. The circuits used for the tests described in 19.7.3 and 19.7.4
shall be calibrated line-to-neutral.

19.7.11 The maximum peak let-through current shall be measured during the short-circuit tgsting of circuit
breaker enclgsures with meter-mounting equipment. The short-circuit rating of the dircuit breaker
enclosure shall be such that the measured value does not exceed 30,000 A. Short-circuit fault currents
can adversely affect the accuracy and operation of a watthour meter. This measurement need not be
made if:

a) The I, value of the overcurrent protective device is known to be 30,000 A or less, or

b) The meter-mounting equipment is on the secondary side of current transformers.
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19.8 Short-circuit tests

19.8.1 A test shall be conducted at rated voltage corresponding to the maximum short-circuit current
rating of the circuit breaker enclosure.

19.8.2 With the circuit breaker in the fully closed position, the test circuit shall be closed on the circuit
breaker enclosure. If the enclosure is provided with a door, it shall be closed during this test.

19.8.3 A test shall be conducted at rated short-circuit current corresponding to the maximum rated
voltage of the circuit breaker enclosure.

19.8.4 The test circuit breaker shall be closed on the circuit. If the enclosure is provided with a door and
the circuit bregkereanbe-op cHrith ctosed—the—doc be—€ detirg-this test.

19.9 Interpretation of results
19.9.1 After being tested under any of the short-circuit conditions described in Shert Circuit [Tests, Section
19.8, the meghanical condition of a circuit breaker enclosure shall be substantially thg same as its
condition priofl to the test and each of the following shall be complied with:
a) Bus bars or straps shall not have been permanently distorted or displaced to gn extent that
affect$ normal functioning of the enclosure or reduces ancelectrical spacing to less than 85
percent of the value specified in Table 6.1.6.1.1.

b) An insulator or support shall not have been broken or cracked to such an extent that the
integrity of the mounting of live parts is impaired:

c) The fuse indicated in 19.3.2 shall not have opened.

d) The enclosure or parts of the enelosure — such as filler plates, doors, or the like — shall not
have been damaged or displaced-to-the extent that live parts are accessible.

e) A|closed door of the enclosure shall not have blown open more than 60 degrees from the
closed position.

f) There shall not be_evidence of arcing between live parts of opposite polarity.

g) There shall\not be Type A or Type B results during the testing as determined by 7.1.11.8,
except that no-trip-out test is required.

h) Theécircuit breaker enclosure shall comply with the Dielectric Voltage-Withstand Test,
Section 19.10 with the circuit breaker or circuit breakers still installed.
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19.10 Dielectric voltage-withstand test

19.10.1 With all circuit breakers closed, a circuit breaker enclosure that has been subjected to the
short-circuit tests shall withstand for 1 minute without breakdown the application of a 60 Hz sinusoidal
potential of twice the maximum rated voltage, but not less than 900 V between:

a) Wiring terminals of opposite polarity, and
b) Uninsulated live parts and the enclosure.

19.10.2 To determine whether a circuit breaker enclosure complies with the requirement in 19.10.1, the
test shall be conducted usrng a 500 VA or Iarger capacrty transformer the output voltage of which is
essentially sin H Fqzero until the
required test yalue is reached, and shall be held at that level for 1 minute. The applled potential shall be
increased at @ substantially uniform rate and as rapidly as is consistent with its value Qeing correctly
indicated by g voltmeter. The transformer shall be permitted to be less than 500 V/Alif the putput voltage
is measured directly.

20 Ratings

20.1 The shoft-circuit rating of a circuit breaker enclosure shall be one-or more of the valugs specified in
Table 8.1.

21 Markings
21.1 General

21.1.1 Markirlgs shall be located as indicated in. Table 21.1.1. See Table 9.1 for location [of marking on
circuit breakets.

Aadvisory Notg: For products intended fortise in Canada, markings shall be in English orlin French and
English; cautipn and warning markings'shall be in French and English. For products intended for use in
Mexico, all markings shall be at least'in Spanish. For products intended for use in the Unfted States, all
markings shafl be at least in English. See Annex D for suitable translations of caution and warning
markings.
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Location

Table 21.1.1

of markings circuit-breaker enclosures

Clause Subject caLt‘:.\ (;a::;?ensa
numbers (see also Table 9.1)
(see notes)
General
21.1.2,21.1.3 General marking B
21.1.4 Durability and legibility -
21.1.5 Multiple factory identification C
Position Indication
21.2 Or-OH—F+pped A
Short-Circuit Current Rating
21.3 Rating B
Termination Markings
21.41,21.4.7 CU-AL B
21.4.8 Conductor temperature rating B
21.4.9 Tightening torque B
Enclosure types
21.51-2158 Environmental types B
2154 Semi-flush meter sockets A
Neutral Assemblies
21.6.1,21.6.2 Identification B
21.6.3 Ground-fault protegtion, load/size B
Back-Fed Hold-Down Kit
21.7.1 Required-hold-down kit B
Service Equipment Use
21.8.2 Grounded service conductor B
21.8.3, 21.8.4 Permanently-bonded enclosure B
21.8.5, 21.8.6| Service disconnect A
21.8.7 Removable bonding means B
21.8.8 Suitable for use as service equipment B
21.8.9 Separate service disconnect marking K
21.8.10 Use with post or pedestal B
21.8.11 Meter socket B
21.8.12, 21.8.13 Meter socket L
21.8.14 Meter socket M
Service Equipment Use
21.10.1 - 21.10.4 Ground-fault protection B
21.10.5 Ground-fault protection A
A Marking shall be visible without removing the trim or cover, or opening the door of the enclosure.
B Marking shall be visible when trim or cover of enclosure is removed, or a door opened, if trim or cover may be
removed or door opened regardless of the position of the circuit breaker.
C Marking need not be visible after installation.
K Shipped separately with circuit-breaker enclosure.

Table 21.1.1 Continued on Next Page
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Table 21.1.1 Continued

Clause Subject Location

numbers (see also Table 9.1)

categories?
(see notes)

L Marking shall be visible with the meter removed.
M  Shipped separately with kit.

M, with A being the highest.

2 At the option of the manufacturer, a higher order of location category may be used. The order of location category is A —

21.1.2 A circuit breaker enclosure shall be marked with the manufacturer's name or trademark or other
means of identification, |ts type number or the equwalent and the maX|mum electrical ratlng and type of

21.2.3 Marking to indicate'the tripped position is not required in the case of a separate, exte
handle, other [than a Simple handle extension, that is not part of the circuit breaker. Such
be permitted fo remain in the on position.

rking shall be

enclosure, but

1.

e factory, each
y which it may

ker enclosure,

andle, has an
the resetting
hile operating

rnal operating
a handle shall
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21.3 Short-ci

rcuit current rating

21.3.1 A circuit breaker enclosure shall be marked with the following or equivalent information:

a) The phrase ”"Short-Circuit-Current Rating” and the short-circuit current rating in rms
symmetrical amperes and, if a meter socket is used, the phrase "Watthour meter not included in
short-circuit-current rating”. If the meter socket is rated 30 A or less (intended for use with
current transformers), it need not be so marked.

b) The maximum voltage rating for each short-circuit current rating.

c) A
manu

21.3.2 If the

interrupting rafing or ratings of the indicated circuit breaker(s), reference’to those rating(s) ¢

as providing ¢

21.3.3 The sh
if a front or tri

a) A

b) A
all suq

21.4 Termindtions

$ure.

phrase indicating that additional or replacement devices sh

ation of an identified circuit breaker are not acceptable for use incthe circuit

circuit breaker enclosure short-circuit current rating ot ratings are the
quivalent information.

ort-circuit current rating of a circuit breaker enclosure shall be located where i
m is removed. This marking shall be:

h integral part of the marking containing, the manufacturer’'s name, or

h integral part of the other requiredimarking. If there is more than one short-
h ratings shall appear together.\Location Category B.

21.4.1 If any
at that termin

conditions degcribed in 21.4.6, the enclosure shall be marked in accordance with 21.4.2, 21
whichever applies. This marking shall be visible when the cover, front, or trim of the enclosu
Location Category B.

21.4.2 If, begause of wiring space or other factors, no enclosure terminal is acceptab
aluminum corjductors, the enclosure shall be marked "USE COPPER WIRE ONLY” or

enclosure terminal,.see 21.4.8, is marked to indicate that aluminum conducto
[, such as by being marked with the symbol ”"Al”, and if such marking is vis

all be of the same

by specific

ype
breaker

same as the
re considered

will be visible

Circuit rating,

r may be used
ible under the
4.3,0r21.4.4,
re is removed.

)

for use with
ith equivalent

wording. See

18.7.3. Location Category B.

21.4.3 If the wiring space and other factors are such that all enclosure terminals are acceptable for use
with aluminum conductors as well as with copper conductors, the enclosure shall be marked "USE

COPPER OR

ALUMINUM WIRE” or with equivalent wording. Location Category B.
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21.4.4 If the wiring space and other factors are such that some enclosure terminals are acceptable for
use with aluminum conductors as well as with copper conductors, while the remainder of the terminals are
acceptable for use with copper conductors only, the enclosure shall be marked "USE COPPER WIRE
ONLY EXCEPT AT TERMINALS ”, or the equivalent. The marking shall positively identify the

terminals that are acceptable for use with aluminum conductor. Location Category B.

21.4.5 The word terminal as used in 21.4.1 — 21.4.4 signifies any enclosure terminal as well as any
terminal of any circuit breaker or neutral assembly that is installed or intended to be installed in the
enclosure.

21.4.6 A marking on a separately supplied connector or on a connector or part thereof that is likely to be

removed or displaced during the wiring operation is considered to be visible. Location Category B.

21.4.7 The ch
mm (1/16 inch

21.4.8 A circliit breaker enclosure with terminals mounted therein shall be marked in a

location to ind

21.4.9 With

r
a range of v{ues or a nominal value of tightening torque to be applied to the clamping

terminal conn
Category B.

21.4.10 If equ
shall be markg
with the equi
installed in th
conductor. A
trademark. Lo

21.4.11 An e
nor has mean
that the enclo|
metal raceway

aracters in the markings described in 21.4.2 — 21.4.4 shall be legible and 'no
) high.

cate the required temperature rating for all field-installed conductors. Locatig
gard to the requirements in 6.1.4.2.3, a circuit breaker enclosure shall be m

ctors for field wiring. This marking shall be visible when a front or trim is rem

ipment grounding terminals are not provided en the equipment as shipped,
bd stating which pressure wire connector-ar’component terminal kits are acce
ment. A wire connector of the type mentioned in the marking shall be p
equipment at the factory with instrugtions, if necessary, to effect proper cor
terminal kit shall carry an identifying marking, wire size, and manufactu
cation Category B.

hclosure that is not proyided with means for terminating equipment groundi
s for the field installation-of an equipment grounding assembly shall be mark
Sure is to be used.im\an installation in which the equipment is grounded by
or metallic cablé sheaths.

I less than 1.6

readily visible
n Category B.

arked to show
screws of all
bved. Location

he equipment
ptable for use
prmitted to be
nection of the
ers name or

ng conductors
ed to indicate
connection to
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21.5 Environmental-type designations

21.5.1 A circuit breaker enclosure shall be marked with a type number indicating the external conditions
as specified in Annex B, Ref. No. 14 for which it is acceptable. A circuit breaker enclosure that complies
with the requirements for more than one type of enclosure shall be permitted to have multiple
designations. The marking shall be permitted to be on the inside or outside surface but shall be visible
after installation. Location Category B.

21.5.2 A circuit breaker enclosure marked with an enclosure designation of Type 3, 3S, 4, 4X, 6, or 6P
shall be permitted to additionally be marked “Raintight” or “Rainproof”. A circuit breaker enclosure marked
with an enclosure designation of Type 3R shall be permitted to additionally be marked ”Rainproof”.
Location Category B.

21.5.3 A circy br shall not be

marked with 3

it breaker enclosure having an opening for accommodating a watt-hour met
n enclosure designation of Type 6 or 6P.

21.5.4 With re¢gard to 18.1.5, a circuit breaker enclosure with a meter socket of)the semi-flush type shall
be provided wjith markings to specify that when the enclosure is mounted as inténded, the flange shall be
covered by byilding paper or flashing. The marking shall be located on the front of the flange. Location
Category A.
21.5.5 An external operating mechanism shall be permitted to be marked with a type nunpber indicating
. An external

the external ¢
operating med
have multiple
21.6 Neutral

21.6.1 Excep
shipment shal

a)

onditions as specified in Annex B, Ref. No. 14.4or which it is acceptabl
hanism that complies with the requirements forumore than one type shall b
designations. Location Category C.

assemblies

comply with the following:

The neutral assembly shallbe marked with

1)

2)

Its own ampere.rating,
Its own ¢atalog number or the equivalent, and

3) Thédmanufacturer's name or trademark;

e permitted to

as indicated in 21.6.2, a neutrallassembly that is found to be acceptabl¢ for separate

by T

e gircuit breaker enclosure shall be marked with the catalog number of the

eutral

assenpbly’and with an indication of the voltage ratings for which the neutral bus bgr must be

used.

Location Cate

gory B.

21.6.2 A neutral assembly as described in 21.6.1 need not be marked with its ampere rating if all
enclosures in which it is to be used are marked with the neutral catalog number or the equivalent and the
neutral ampere rating.
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21.6.3 In an enclosure with ground-fault protection, that part of the neutral bus for load terminations shall
be marked with the word "WARNING” and with the following or the equivalent: “Do not connect grounding
conductors to these or any other neutral terminals; to do so will defeat ground-fault protection”. The
marking shall be located on or adjacent to the neutral. Location Category B.

21.7 Back-fed hold-down kit

21.7.1 A circuit breaker enclosure intended for use with a back-fed unit hold-down kit as permitted by

18.1.12, shall be marked “Back-fed circuit breaker requires hold-down kit Cat. No.

equivalent.

21.8 Service

equipment use (not for use in Canada)

”

or the

21.8.1 The nluarking requirements in 21.8 do not apply to enclosures intended for-0

equipment tha
requirements

21.8.2 If the {ferminals for grounded service conductors described in 18.10.3.3"are requir

supplied with
including the

assembly in the enclosure. Location Category B.

21.8.3 The m
is removed. T

a) A

b) A
21.8.4 Ifthe
acceptable, th
Location Cate|

21.8.5 If a cin
disconnecting
B.

21.8.6 Them
21.8.4 shall a

t are intended for use in Canada. Such enclosures shall instead comgly wit
n Service equipment use (for use in Canada) , Section 21.9.

he circuit breaker enclosure, the enclosure shall be marked*with a catalog n
terminals, or information stating the wire size of terminals required, and i

arking required by 21.8.2 or 21.8.8 shall be located where it will be visible if
his marking shall be:

h integral part of the marking containing the‘manufacturer’'s name, or

[ integral part of the other required. marking.

onstruction is as described in 18.10.4.1 and the circuit breaker enclosure is of
e circuit breaker enclosure shall be marked “Suitable only for use as servig
gory B.

cuit breaker enclosure is marked “Suitable only for use as service equipmer

means for ungrotnded conductors shall be marked “Service disconnect”. Loc

hrking “Sérvice disconnect” identifying the service disconnecting circuit breake
bpear on-or adjacent to the circuit breaker handle. Location Category A.

b€ as service
h the marking

d but are not
umber of a kit
hstructions for

a front or trim

herwise found
e equipment”.

t”, the service
htion Category

rs required by

21.8.7 If the

construction is as described in 18.10.4.2 and the spacings would not co

mply with the

requirements in 18.8.1.1 when the bonding device is removed, the circuit breaker enclosure shall be
marked “Bonded Neutral - Remove bonding device for test purposes only” or equivalent. Location
Category B.

21.8.8 If the construction is as described in 18.10.4.3 and the circuit breaker enclosure is otherwise found
acceptable, the circuit breaker enclosure shall be marked “Suitable for use as service equipment”, if
intended for such use. Location Category B.
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21.8.9 If marked “Suitable for use as service equipment’, the marking “Service Disconnect” shall be
provided in the form of pressure-sensitive labels in an envelope, or on a card, with instructions to apply
near the service disconnect means if the equipment is used as service equipment.

21.8.10 A circuit breaker enclosure intended to be field installed on a mounting post or pedestal for
distribution equipment shall be marked to indicate the post or pedestal with which it is to be used. Either
the post or pedestal or the circuit breaker enclosure shall bear the name or trademark of the manufacturer
and identification number of the unit or units with which it may be used. The other unit or units shall bear
the complete identification of the unit or units with which it may be used or the words “Use only with the
(posts, pedestals, or circuit breaker enclosures) marked for use with this type or catalog number product”,

or the equivalent. Location Category B.

21.8.11 If the
terminals are
be marked to

cuulr\ct jCJ.VVO Uf IIIUtUI nmrout It;l Iy UL;IU;'JI ol It aAarc rmmirouul ItUd VT tUI LIL I;I ICJ.:O \vJ ) Ul\tcl
mounted and these terminals are intended for field-installed wires, service-€
ndicate the maximum torque to be applied to these terminals to preventithe

jaws and termiinals as specified in the rotation prevention test for socket jaws and’/wire

Annex B, Ref

21.8.12 If a1
circuit parts li
exposed live |
Removal of m

No. 16. Location Category B.

neter socket is provided along with service equipment that“will automatical
e when the meter is not in place, the enclosure shall bekxmarked in a locati
arts with the word “WARNING” and the following or the equivalent: “Risk of
eter does not de-energize circuit”. Location Category L.

21.8.13 If a meter socket is provided with a manually operated device that will render lo3

live when the

parts to indicgte that the circuit may be live with the meter’removed. Location Category L.

21.8.14 If an
installation, th
for applying th

21.9 Service

21.9.1 The m|
Canada.

21.9.2 Equipn
SUITABLE F(

21.9.3 The ¢

automatic or manual closer for a.meter socket is furnished in the form of
e marking specified in 21.8.12 and\21.8.13 shall be furnished with the kit w
e marking. Location Category ‘M.

equipment use (for use'in"Canada)

arking requirements'in 21.9.2 — 21.9.4 apply only to service equipment inten
nent intended™for service use shall be marked with the following or equiv

DR USE AS-SERVICE EQUIPMENT.

quipment marking required by 21.9.2 shall be plainly visible on or with

compartment.

sions to which
quipment shall
rotation of the
connectors in

y render load
pon next to the
Blectric shock.

d circuit parts

meter is not in place, the enclosure shall be ‘marked in a location next to th¢ exposed live

a kit for field

th instructions

ded for use in

blent wording:

n the service

21.9.4 Equipment intended for service use and constructed in accordance with 18.11.1.8 shall be
provided with a temporary tag, instruction sheet, or the equivalent indicating how the bond is to be
installed or removed when required by the Electrical Inspection Authorities (for example, “Where Electrical
Inspection Authorities require the neutral assembly to be disconnected from the enclosure...”). Each
manufacturer shall add specific instructions applicable to the particular construction.
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21.10 Ground-fault protection

21.10.1 With regard to 18.10.5.11, when intended to be connected to an external source, the control
circuit for ground-fault protection shall be identified by a permanent marking, “External source connection
for control circuit of ground-fault sensing and relaying equipment volts (ac or dc)”. Terminals for
an external source for other types of control circuits shall be similarly marked. Location Category B.

21.10.2 An enclosure intended for use with a minimum 1000 A rated circuit breaker that is intended only
for use as service equipment and not provided with ground-fault protection as covered in 18.10.5.1(b)
shall be marked, Location Category B, for the use specified as follows:

a) For an enclosure rated 208Y/120 V, 480Y/277 V, or 600Y/347 V, 3-phase, 4-wire:

1) “Suitable only for use as service equipment when supplying a continuqus industrial
process” or

2) “Suitable for use as service equipment only if supplying a_continuous industrial
process”.

b) Fo¢r an enclosure rated 480, 600, or 1000 V, 3-phase, 3-wire, marked as specified in (a) (1)
or (a)|(2) with the following addition: “or for systems where the-neutral is not solidly grounded”.

21.10.3 An enclosure intended for use with a minimum 1000 A fated circuit breaker marked| “Suitable only
for use as sefvice equipment” and not provided with ground:fault protection as covered in 18.10.5.1(c)
shall be marked, Location Category B:

a) For an alternate source for emergency service,
b) For supplying a fire pump, or

¢) Fgr an alternate source for required standby service as defined in Article 701 in Annex B,
Ref. No. 2.

21.10.4 An enclosure that has ground-fault protection with only an audible or visual signallas covered in
18.10.5.2 sha|l be marked for @n)alternate source for emergency service as covered in 21.010.3. Location
Category B.

21.10.5 If a tfansformer/providing control voltage for ground-fault protection as covered ir] 18.10.5.11 is
connected to [the line-side of the main disconnect or to a separate source, this discomnect shall be
permitted to bg identified as the “Main” but the enclosure shall be marked adjacent to the mgin disconnect,
with the word [WARNING” and with the following or the equivalent: “Risk of electric shock. This main does
not disconnect control and instrument circuits”. Location Category A.
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21.11 Permanence of marking

21.11.1 A marking shall be molded, die-stamped, paint-stenciled, stamped or etched metal that is
permanently secured, or indelibly applied lettering on a label secured by adhesive that, upon investigation,
is found to be acceptable for the application. Ordinary usage, including likely exposure to weather and
other ambient conditions, handling, storage, and the like of the equipment is considered in the
determination of the acceptability of the application.

21.12 Installation instructions for the testing of ground-fault protection of equipment

21.12.1 Each ground-fault relay or apparatus incorporating a ground-fault relay or its functions shall be
provided with information sheets descrrbrng system testrng instructions, and with a test form. The form
shall include 3 e , g that the form
should be retgined by those in charge of the burldrng s electrical mstallatron in order to be’gvailable to the
authority having jurisdiction. The instructions shall include the following items and shall*basitally prescribe
only that infornation necessary to perform the tests. The instructions shall be separate’and apart from any
more elaborate test detail that the manufacturer may wish to provide. The instrctions shgll specify that:

a) The interconnected system shall be investigated in accordance,with the manufacturer’s

detailg¢d instructions, and that this investigation is to be undertaken by qualified pe

c) The grounding points of the system shall be verified to determine that ground

exist hat would bypass the sensors. The use of-high-voltage testers and resistang
may ke suggested.

d) The installed system is to be tested-for correct response by the application of

current into the equipment to duplicate-a ground-fault condition, or by equivalent n
by a gimulated fault current generated by,

1) A coil around the sensors, or

2) A separatetest winding in the sensors.

e) The results of.the test are to be recorded on the test form provided with the in

rsonnel.

pbe

baths do not
e bridges

ull scale
eans such as

structions.
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Standards for Components

A1 Component Standards

Annex A (Informative)

The ANCE, CSA Group, and UL Standards listed below are used for evaluation of components and
features of products covered by this standard. These standards shall be considered to refer to the latest

edition and all amendments published to that edition.

COMPONENT TYPE UL CSA Group ANCE
Enclosureslor Electrical UL 50 CAN/CSA—C22.2 No. NMX#J-23b/1-ANCE
Equipment 94-M91(R2006) and
NMX-J-23p/2-ANCE
Equipment W|ring Terminals UL 486E CAN/CSA—C22.2 No. 65-03 No eqdivalent
for Use with AlJuminum and/or
Copper Jonductors
Ground-Fault Circuit- UL 943 CAN/CSA—C22.2 No» NMX-J-520-ANCE
Interrppters 144-06
Ground-Faulf Sensing and UL 1053 CSA C22.2 No:A144-M91 No eqdivalent
Relaying Equipment
Insulation ¢oordination UL 840 CSA C22.2, No. 0.2-93 NMX-J-15p/1-ANCE
Including Cl¢arances and
Creepage Distances for
Electrical Equipment
Meter Bockets UL 414 CSA C22.2 No. 115— No equivalent
M1981(R2005)
Polymeric Maferials — Use in UL 746C No equivalent No equivalent
Electrical Equipment
Evalyations
Panelpoards UL 67 CSA C22.2 No. NMX-J-11B/1-ANCE
29-M1989(R2004)
Supplementary Protectors for uL+1077 CSA C22.2 No. 235-04 No equivalent
Use in Electripal Equipment
Tests for Sgfety-Related UL 991 CSA C22.2 No. 0.8- No eqyivalent
Controls Employing Solid- M1986(R2008)
State Pevices
Transformers,|Class 2 and 8 UL 5085-1 and UL 5085-3 CSA C22.2 No. 66.3—-06 No eqdivalent

Wire Cq

nnectors

UL 486A-486B

CSA C22.2 No. 65-03

NMX-J-543-ANCE
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Annex B (Normative)

Referenced Standards
B1 Referenced Standards

When 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.

REFERENCED STANDARDS |

Ref] No. United States Canada MeXico
ANSI/NFPA 70, National CSA C22.1, Canadian N@M-001-SEDE,
Electrical Code Electrical Code-06 Electrical installations
(utility)
P ANSI/NFPA 70, National No equivalent NOM-001-SEDE,
Electrical Code Electrical installations
(utility)
B ANSI/IEEE C37.13-1993, Same as U.S( No eqdivalent

Low Voltage AC Power
Circuit Breakers Used in
Enclosures
i ANSI/IEEE C37.14-1999, Same as U.S. No equivalent

Low Voltage DC Power

Circuit Breakers Used in
Enclosures

UL 1077 CSA C22.2 No. 235-04, No eqdivalent

Standard for Supplementary Supplementary Protectors

Protectors for Use in

Electrical Equipment

OT

J UL 486A-486B CAN/CSA-C22.2 No. 65-03, NMX-J-543-ANCE, Wire
Standard for Wire Connectors Wire Connectors Conngctors
1 UL-486E CAN/CSA-C22.2 No. 65-03, No equivalent
Standard‘for Equipment Wire Connectors?

Wiring, Terminals for Use with
Aluminum and/or Copper
Conductors
B ASTM E28, Test Method for Same as U.S. NMX-J-412-ANCE
Softening Point by Ring-and-
Ball Apparatus
D UL 840 CSA C22.2 No. 0.2-93, NMX-J-15p/1-ANCE

Standard for Insulation Insulation Coordination
Coordimatiorminctuding
Clearances and Creepage
Distances for Electrical

Equipment
10 UL 5085-1 CSA C22.2 No. 66.3-06, No equivalent
Standard for Low Voltage Low-Voltage Transformers —
Transformers — Part 1: Part 3: Class 2 and Class 3
General Requirements Transformers

and UL 5085-3
Standard for Low Voltage
Transformers — Part 3: Class
2 and Class 3 Transformers

Table Continued on Next Page
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Table Continued

REFERENCED STANDARDS

Ref. No. United States Canada Mexico
11 UL 943 CAN/CSA-C22.2 No. 144— NMX-J-520-ANCE, Ground-
Standard for Ground-Fault | M1991(R2006), Ground-Fault Fault Circuit Interrupters
Circuit-Interrupters Circuit Interrupters
12 UL 746C No equivalent No equivalent
Standard for Polymeric
Materials — Use in Electrical
Equipment Evaluations
13 UL 1053 CAN/CSA C22.2 No. 144— No equivalent
Standard for Ground-Fault M91, Ground Fault Circuit
Sensmygand Refaying Tterruptersinaustriaf
Equipment Products — General
Instruction No 1-2
14 UL 50 CAN/CSA-C22.2 No. NMX-J-23p/1-ANCE
Standard for Enclosures for 94-M1991(R2006), Special and
Electrical Equipment Purpose Enclosures NMX-J-23p/2-ANCE
15 UL 50 CAN/CSA-C22.2 No. NMX-J-23p/1-ANCE
Standard for Enclosures for | 94-M1991(R2006), Special- and
Electrical Equipment Purpose Enclosures’and NMX-J-23p/2-ANCE
CAN/CSA-C22.2No-4-04,
Enclosed and-Béad-Front
Switche's
16 UL 414 CSA €22.2 No. 115— No equivalent
Standard for Meter Sockets M1989(R2005), Meter-
Mounting Devices
17 N/A CAN/CSA-C22.2 No. 14-05, NJA
Industrial Control Equipment
18 Standard for Motor Craft, No equivalent No eqdivalent
(Pleasure and Commercial),
National Fire Protection
Association (NERA)"302
19 UL B CSA C22.2 No. NMX-J-11B/1-ANCE
Standard for Panelboards 29-M1989(R2004),
Panelboards and Enclosed
Panelboards
40 ANSI/IEEE C37.09- Same as U.S. No equivalent
1979(R1989), Test Procedure
for AC High-Voltage Circuit
Breakers Rated on a
Symmetrical Current Basis
A1 UL 1500 No equivalent No equivalent
Standard for Ignition-
Protection Test for Marine
Products
22 UL 1449 CSA-C22.2 No. 8-M1986, No equivalent
Standard for Surge Protective | Electromagnetic Interference
Devices (EMI) Filters, CSA Technical
Information Letter No. I-IIB,
Surge/Transient Voltage
Surge Suppressors
23 UL 1008 C22.2 No. 178.1-14, Transfer | NMX-J-672 ANCE, Standard
Standard for Transfer Switch Switch Equipment for Transfer Switch
Equipment Equipment
24 UL 1699 C22.2 No. 270, Arc Fault No equivalent
Standard for Arc-Fault Circuit Protective Devices
Interrupters

Table Continued on Next Page
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Table Continued

REFERENCED STANDARDS
Ref. No. United States Canada Mexico
25 UL 60947-4-1 CAN/CSA-C22.2 No. 60947- No equivalent
Low-Voltage Switchgear and | 4-1, Low-Voltage Switchgear
Controlgear - Part 4-1: and Controlgear - Part 4-1:
Contactors and Motor- Contactors and Motor-
Starters - Electromechanical | Starters - Electromechanical
Contactors and Motor- Contactors and Motor-
Starters Starters
26 UL 508A CSA C22.2 No. 286, No equivalent
Industrial Control Panels Industrial control panels and
47 UL 83 CSA C22.2 No. 75, NMX-J-010-ANCE,
Thermoplastic-Insulated Thermoplastic-Insulated Thermaoplastic-Insulated
Wires and Cables Wires and Cables Wires anfl Cables
48 UL 1977 CSA C22.2 No. 182.3, No equivalent
Component Connectors for Special use attachment
Use in Data, Signal, Control plugs, receptacles, and
and Power Applications connectors
2 The pull-out force values of Table 22 of the Standard for Equipment Wiring Terminal$\for Use with Aluminun} and/or
Copper Condugtors, UL 486E, are permitted to be used for the evaluation of equipment wiring terminals as described in
6.1.4.2.2(b).
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Annex C (Normative)

Circuit Calibration and Instrumentation Test Circuits

C1 Instrumentation

C1.1 The galvanometers in a magnetic oscillograph used for recording voltage and current during circuit
calibration and while testing shall be of a type have a flat (5 percent) frequency response from 50 to 1200
cycles per second, except that for tests involving fused circuit breakers and current-limiting circuit
breakers, the galvanometers shall have a flat (x5 percent) frequency response from 50 to 3000 cycles per

second.
C2 Calibratid

C2.1 When a
used. The vo
galvanometer
connected to
as to cause t
approximatelyj
indicated abo
the case of a
chosen. The {

n of Galvanometers

shunt is used to determine the circuit characteristics, a dc calibrating voltag
tage applied to the oscillograph galvanometer circuit shall restlt in a de

he shunt and the intended short-circuit current is flowings The voltage shall
ne galvanometer to deflect in both directions. Additional-calibrations shall b
50 percent and approximately 150 percent of the voltage used to obtain
e, except that if the anticipated maximum deflection is less than 150 perce
symmetrically closed single-phase circuit, any-ether appropriate calibration
ensitivity of the galvanometer circuit in volts_per mm (or inch) shall be detern

deflection medgsured in each case, and the results of theSix trials averaged. The peak am

(or inch) is obf
for the determ

C2.2 A50-0
same general

C2.3 When 4
used to calibr
result in a de
same galvang
current is flow
approximately|

ained by dividing the sensitivity by the resistance of the shunt. This multiplying
ination of the rms current as described'in C4.1.

60-Hz sinusoidal potential may.be used for calibrating the galvanometer ci
method described in C2.1. The resulting factor must be multiplied by 1.414.

current transformer is, used to determine the circuit characteristics, an ac c

lection of the galvanometer approximately equivalent to that which is expe
meter is connéected to the secondary of the current transformer and nomin
ing in the _pritmary. Additional calibrations shall be made at approximately 5
150 percent of the current used to obtain the deflection indicated above, ex

anticipated maximum\deflection is less than 150 percent, such as in the case of a symme

single-phase
galvanometer

circuity any other appropriate calibration point is to be chosen. The ser

e is generally
lection of the

approximately equivalent to that which is expected when the,same galvanoineter circuit is

be applied so
e made using
the deflection
nt, such as in
point is to be
nined from the
peres per mm
factor is used

rcuit using the

irrent shall be

bte the galvanometercircuit. The value of current applied to the galvanometer circuit shall

cted when the
al short-circuit
D percent and
Cept that if the
trically closed
sitivity of the

circuit in rms amperes per mm (or inch) shall be determined in each case 4

nd the results

averaged. The average sensitivity is multiplied by the current transformer ratio and by 1.414 to obtain
peak amperes per inch (or mm). This constant is used for the determination of the rms current as
described in C4.1.

C2.4 All the galvanometer elements used shall line-up properly in the oscillograph, or the displacement

differences sh

all be noted and used as needed.
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C2.5 The sensitivity of the galvanometers and the recording speed shall be sufficient to provide a record
from which values of voltage, current, and power factor can be measured accurately. The recording speed
shall not be less than 1.52 m (60 inches) per second and higher speeds are recommended.

C2.6 With the test circuit adjusted to provide the specified values of voltage and current and with a
noninductive (coaxial) shunt that has been found acceptable for use as a reference connected into the
circuit, the tests indicated in C2.7 and C2.8 shall be conducted to verify the accuracy of the manufacturer’s
instrumentation.

C2.7 With the secondary open-circuited, the transformer shall be energized and the voltage at the test
terminals observed to see if rectification is taking place. If rectification is occurring, the circuit is not

acceptable for test purposes because the voltage and current will not be sinusoidal. S|x random closings

shall be made
is done by clo|
transformer h
equipment sh

C2.8 With thg

a single-phasg circuit shall be closed as nearly as possible at the angle thatwill produce 3

with maximunm
recorded if pri
of that meas
variation in ph
for polyphase

C2.9 When t
reference coa
of the test cirg

C3 Alternating Current Circuits 10,000 A anhd Less

5ing the secondary circuit, this check can be omitted if testmg is not commen
bs been energized for approximately 2 seconds, or longer if an investigati
bws that a longer time is necessary.

circuit short-circuited by connecting the test terminals together by means of

offset. The short-circuit current and voltage shall be recorded. The primary v
mary closing is used. The current measured by the reference shunt shall be wj
ired using the manufacturer's instrumentation and“\there shall not be an
ase relationship between the traces of the same ‘current. Controlled closing
circuits.

ne verification of the accuracy of the manufacturer's instrumentation is ¢
kKial shunt shall be removed from the circuit — it is not to be used during the f
uit nor during the testing of circuit breakers.

ation. If testing
ced before the
on of the test

a copper bar,
current wave
bltage shall be
ithin 5 percent
y measurable
s not required

pmpleted, the
nal calibration

C3.1 For an ac circuit intended to deliver10,000 A or less, the determination of the curr¢gnt and power

factor shall bg

C3.2 The cur
complete cycl
the rms valug
essentially sy
value obtaine

in accordance with C3.2-

Fent in a 3-phase€ test circuit shall be determined by averaging the rms valt
e of current in 'each of the three phases. The current in a single-phase test
of the first.complete cycle (see Figure C3.1), when the circuit is closed
mmetrical\Current waveform. The “dc component” shall not be additionally

single-phase
to be essenti

5

0 when-measured as shown. In order to obtain the desired symmetrical V
st-cireuit, random or controlled closing shall be permitted. A waveform shall

es of the first
circuit shall be
0 produce an
added to the
vaveform of a
be considered

y.symmetrical if the difference between the deflection below and above th¢ zero trace in

the first full cycle is no greater than 7 percent of the smaller deflection. The power factor shall be
determined by referring the open-circuit voltage wave to the two adjacent zero points at the end half of
the first complete current cycle by transposition through an appropriate timing wave — the power factor to
be computed as an average of the values obtained by using these two current zero points and the voltage
to neutral to be used in the case of a 3-phase circuit.
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Figure C3.1
Determination of current and power factor for circuits of 10,000 A and less

N/ /)
VOLTAGE

VAR A\ ATA
CURREN ! ! \ ]
TIMING
\*INITIATION OF FAULT
Current = 2 ;b rms cahbration of instrument element
& Yo+ X 180° C Yo+ X 180°
Power Factor = all 1+21)X ] Ml (054 X;) x ]
in which:
X and Y valués are fractions of the 1/2 cycle distance in which they occur
SB0740C
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C4 Alternating Current Circuits Greater than 10,000 A

C4.1 The rms symmetrical current shall be determined, with the supply terminals short-circuited by
measuring the ac component of the wave at an instant 1/2 cycle (on the basis of a power frequency timing
wave) after the initiation of the short circuit. The current shall be calculated in accordance with Figure 7
of Annex B, Ref. No. 20.

C4.2 For a 3-phase test circuit, the rms symmetrical current is the average of the currents in the three
phases. However, the rms symmetrical current in any one phase shall not be less than 90 percent of the
value of the required test current.

C4.3 For a single-phase circuit, closing to produce minimum asymmetry may be selected but one test
clesifrgangte A~ et asymmetty hts—s required for

power factor determination.

C4.4 The tes{ circuit and its transients shall be such that:

a) Three cycles after initiation of the short circuit, the symmetrical alternating component of
current will be no less than 90 percent of the symmetrical alternating“component of current at
the end of the first half-cycle, or

b) The symmetrical alternating component of current at the‘time at which the circpit breaker
will inferrupt the test circuit is at least 100 percent of the/rating for which the circuif breaker is
being|tested.

In 3-phase cirguits the symmetrical alternating componentiof current of all three phases shall be averaged.
In the case ofl the delayed-tripping test, the symmetrical alternating component of current|at 1/2 second
shall not be Igss than 80 percent of the value measured at one-half cycle after initiation of|the current.

C4.5 The power factor shall be determinedsab’an instant 1/2 cycle (on the basis of a poer frequency
timing wave) Jafter the short circuit occurs;~The total symmetrical rms amperes shall bg measured in
accordance wjth C4.1 and the ratio My 'er My, calculated as follows:

[%7)

Total 3 phases Asymmetrical rms Ampere
Total 3 phases Symmetrical rms Amperes

=]

otio M, (for 3 @ ltests) =
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Ratio My (for 1 ¢ tests) =

Using ratio My or My, the power factor is determined from Table C4.1.

Asymmetrical rms Amperes

Symmetrical rms Amperes

Table C4.1
Short-circuit power factor
Short-circui Ratio My, Ratio Mp Short-circuit Ratio My, Ratio Mp
power factor, power factor,
percent percent

0 1.732 1.394 30 1.130 1.064
1 1.697 1.374 31 1122 1.062
2 1.662 1.354 32 1.113 1.057
3 1.630 1.336 33 1.106 1.053
4 1.599 1.318 34 1.098 1.050
5 1.569 1.302 35 1.091 1.046
6 1.540 1.286 36 1.085 1.043
7 1.512 1.271 37 1.079 1.040
8 1.486 1.256 38 1.073 1.037
9 1.461 1.242 39 1.068 1.034
10 1.437 1.229 40 1.062 1.031
11 1.413 1.216 41 1.058 1.029
12 1.391 1.204 42 1.053 1.027
13 1.370 1,193 43 1.049 1.025
14 1.350 1.182 44 1.045 1.023
15 1.331 1.172 45 1.041 1.021
16 1.312 1.162 46 1.038 1.019
17 1.295 1.152 47 1.035 1.017
18 1.278 1.144 48 1.032 1.016
19 1.262 1.135 49 1.029 1.014
20 1.247 1.127 50 1.026 1.013
21 1_’)’2’) '1_1'10 |~ 1_('\'1R 1008
22 1.219 1.112 60 1.009 1.004
23 1.205 1.105 65 1.005 1.002
24 1.193 1.099 70 1.002 1.001
25 1.181 1.092 75 1.0008 1.0004
26 1.170 1.087 80 1.0002 1.00001
27 1.159 1.081 85 1.00004 1.00002
28 1.149 1.076 100 1.00000 1.00000
29 1.139 1.071
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C4.6 The power factor of a 3-phase circuit may be calculated by using controlled closing so that upon
subsequent closings a different phase will be caused to have maximum asymmetrical conditions. Each
phase would then have the power factor determined using the method described for single-phase circuits
in C4.5. The power factor in any one phase shall not be greater than that required for the test.

C5 Recovery Voltage — AC

C5.1 The recovery voltage shall be at least equal to the rated voltage of the circuit breaker. The peak
value of the recovery voltage within the first full half cycle after clearing and for the next five successive
peaks shall be at least equal to 1.414 times the rms value of the rated voltage of the device under test.
Each of the peaks shall be drsplaced by no more than £10 electrical degrees from the peak values of the
open-circuit recove , S sitiongn a sinusoidal
wave. The a rage of the mstantaneous values of recovery voltage of each of the first\gix half cycles
measured at the 45- and 135-degree points on the wave shall not be less than 85 percent of the rms value
of the rated vpltage of the device under test. The instantaneous value of recovery voltage measured at
the 45- and 135-degree points of each of the first six half cycles shall in no casebeé less tHan 75 percent
of the rms valpe of the rated voltage of the device under test.

C5.2 If, in a ¢gircuit which uses secondary closing, there is no attenuation-or phase displacement of the
first full cycle pf the recovery voltage wave when compared with the open circuit secondary voltage wave
before current flow, the detailed measurement of recovery voltage chiaracteristics as indicated above shall
not be required.
C6 Direct Current Circuits
C6.1 For a d¢ source, the requirements of C6.1 — C64 shall be applied. The time constant of the test

circuit shall bg determined by the method shown in-Figure C6.1 and shall not be less than (.003 seconds
for currents off 10,000 A or less or not less than-0.008 seconds for currents greater than 10,000 A.
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Figure C6.1

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

T ———=

g—

CURR

4

Y

T— 1 MAXIMUM
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SA1(

C6.2 The dc
percent of the|
to the submitt
the open circy
of the voltage]
voltage of the
the testing ag

C6.3 The min
the device un

C6.4 The avag
device under
supply termin

AGE

 0.632 1©
)46

open circuit voltage of the circuit shall*not be less than 100 percent nor n
rated voltage of the unit under testyexcept that a higher voltage may be usq
er and the testing agency. This measurement shall be made with a voltmets
it voltage, as determined by the arithmetic average of the maximum and m

circuit breaker, except that'a higher voltage may be used if agreeable to the
ENCy.

imum point on the-dc voltage wave shall not be less than 90 percent of the re
jer test.

ilable dC capacity of the circuit shall not be less than the value required for th
test as*indicated in Table 7.1.7.3. The prospective current shall be detern

hore than 105
d if agreeable
br. In addition,
nimum values

wave read from an oscillogram, shall be within 99 percent and 105 percenmt of the rated

submitter and

ited voltage of

e rating of the
hined with the

hls“short circuited by measuring the maximum displacement on an oscillog
of

errrant ~Af A Inoo than A4 tiaae tha eaciiend i ~Aanodant  Aneyg

after the star

am at a time,
rshoot above

oV
O CuTT oG, O o TCoo—trart 1t hioo o ToquUimTU— o oot e 7ty Ove

time-current curve (exponential curve) shall not be considered. If the current source has a ripple,
measurements shall be made from the midpoint of the ripple.

C6.5 The DC recovery voltage 8 ms after opening shall not be less than 95% of the rated voltage of the
circuit and shall be maintained for not less than 50 ms.
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Annex D (Informative)

French and Spanish Translations and Markings

D1 General
Clause English French Spanish
13.2 CAUTION ATTENTION PRECAUCION
Does not provide N’assure pas la protection No suministra
overcurrent protection contre les surintensités proteccion
de sobrecorriente
21.6.3 WARNING AVERTISSEMENT ADVERTENGCIA
Do not connect Ne pas raccorder le No conecté los
grounding conductors conducteur de mise & la conductores de
to these or any other terre & ces bornes ni & puesta(a tierra a
neutral terminals; to do aucune autre borne neutre; esta terminal del
so will defeat cela annulera la protection neutro ni a ninguna
ground-fault protection contre les fuites 4 la terre. otra; si lo hace se
invalida la proteccion
de falla a tierra
21.8.11 WARNING AVERTISSEMENT ADVERTENCIA
Risk of electric shock. Risque de choc électrique. Riesgo de choque
Removal of meter does Le retrait du compteur ne eléctrico. Al quitar e
not de-energize circuit met pas le gireuit hors dispositivo de medidion
tension. no se desenergiza 4|
circuito
21.10.5 WARNING AVERTISSEMENT ADVERTENCIA
Risk of electric shock. Risque de choc électrique. Riesgo de choque
This main does not Cet interrupteur principal eléctrico. Este principal
disconnect control and ne met pas hors tension no desconecta los
instrument circuits les circuits de commande circuitos de control ¢
et des instruments. instrumentos
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Annex E (For Canada Only — Informative)

Note: This Annex is not a mandatory part of this Standard but is written in mandatory language to

accommodate its adoption by anyone wishing to do so.

Guidelines for Ground Fault Protection Equipment

E1 General

E1.1 This Annex is provided for information only.

E1.2 A groun
any) and all u
a manner that
to the neutral
protected circ

E1.3 A groun

grounded conductors of the protected circuit (zero sequence type) shall be-in
the sending element is located on the load side of any grounding or_ondin
It shall be permitted to be on the line or load side of the disconnecting

it.

I

d-fault protection system that combines the outputs of separate sensing ele

neutral (if any) and each ungrounded conductor (residual type) shall be installed in such

the neutral se
neutral. The
disconnecting

E1.4 A groun
(ground returr
flows in the

connections W
insulated from

E1.5 If the er
the neutral tha

nsing element is located on the load side of any grounding or bonding con
ingrounded conductor sensors shall be permitted¢to be on the line or loa
device for the protected circuit.

j-fault protection system that uses a single sensing element to detect the actu

type) shall be installed in such a mannerdfiat the sensing element detects a
grounding electrode conductor, the main bonding jumper, and any oth
ithin the enclosure that may be made to the neutral. This will require the
non-current-carrying metal.

closure or ground bus is factery bonded to the neutral, any conductive par
t would interfere with the-operation of a ground-fault protection system, if in ¢

enclosure, shall be insulated and provided with at least 3.2 mm (1/8 inch) spacings through

surface to the
protection, pa
of the neutra

enclosure. For zerg sequence type ground-fault protection, or the residual typ
ts that would inteffere with its operation if grounded include all neutral parts o
current sensing means. For the ground return type, parts that would int

operation if g

ounded include all conductive parts connected to the neutral except those

side of the sepsing means.

E1.6 A grounp-faultprotection sensor shall be securely mounted to reduce the risk of danj
leads during ghipment.

al conductor (if

stalled in such
g connections
device for the

ments for the
B manner that
nection to the
d side of the

al fault current
ny current that
er grounding
neutral to be

connected to
bntact with the
air or over the
e ground-fault
N the load side
erfere with its
bn the ground

age to it or its

E1.7 If the construction of ground-fault-sensing and relaying equipment is such that a reset operation is
required to restore the equipment to functional status following operation due to a ground fault or test:

a) The construction shall be such as to prevent closing and maintaining contact of the
disconnecting device to be controlled by the ground-fault sensing and relaying equipment until
the reset operation is performed, or

b)

Such means shall be incorporated in the disconnect device.
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E1.8 A ground-fault protection control circuit transformer with a primary rating of 12 A or less shall be
operated from a circuit protected by either a circuit breaker or branch circuit type fuses rated at not more
than 15 A. A transformer having a primary rating greater than 12 A shall be protected by an individual
overcurrent device in the primary connection, rated or set at not more than 125 percent of the rated
primary current of the transformer, except that:

a)

b)

For a 120 V circuit, a fuse rated 2 A or less may be a miscellaneous fuse.

Overcurrent protection shall not be required for the shunt trip coil of a circuit breaker used

with ground-fault protection if the coil is connected to the load side of the controlled circuit
breaker as covered in E1.9.

rmitted to be

E1.9 The pri
connected on
a transformer
side of the m4
breaker rated
be installed 4
control circuit
switch. Markir
to the load sig

E1.10 The cd
main disconn
functioning of

£ af 1+ + tH + 1 H H - £ ball

rnaty v a grouridriauit prutcbiivit LUTitivrLirbuit - trdierunict ehidit v Y
the line or load side of the main disconnect or to an external source. The-p
shall be connected to two line voltage parts (not line and neutral). If conned
lin, or an external source, a dead front fuse assembly, a fused disconnect s
for use as service equipment and providing overcurrent protectionas covere
head of the transformer or control circuit. Over current protection is not re
if wired to the load side of the main disconnect unless the ‘eontrol circuit cg
gs as indicated in 21.10.1 or 21.10.5 shall be provided if‘the transformer is
e of the main disconnect.

ntrol circuit of a ground-fault protection system shall’'be connected on the li
pct if a test or monitor panel is provided and «f.such connection is require
the panel.

rimary of such
ted to the line
itch or circuit
H in E1.8 shall
quired for the
ntains a snap
not connected

ne side of the
0 for intended
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Annex F (Informative)
Recommended Symbols and Abbreviations for the Marking of All Products
F1 General

F1.1 When symbols or abbreviations are used in the place of words, this Annex provides the
recommended marking symbols and abbreviations.

F1.2 A space may or may not be provided between a number and an abbreviation. For example, “480V”

Or “480 V” Or ‘V,Cl\l” A4 “‘Vl Cl\.l” arc a” PUIIII;DD;b:U.

F2 Symbols
F2.1 Table F2.1 provides the recommended marking symbols used to mark preducts whete appropriate.

In some instances, the symbols in Table F2.1 are required by text located elsewhere in this Standard.
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Table F2.1
Marking symbols
Symbol Definition?® Location®
7N\ | Altemating current (ac) [IEC 60417 #5032] B
—— | Alternating current (ac) and direct current B
N | (do)[IEC 60417 #5033]
- — Direct current (dc) [IEC 60417 #5031] B
+ Positive polarity [IEC 60417 #5005] reqﬁ?re "
- - S
Negative polarity [IEC 60417 #5006] required
— Switch A
As
[0} Phase required
10-30 Two-pole circuit breaker rating for 3-phase corner B
grounded delta applications
ON (closed position) [IEC 60417 #5007] A
Q OFF (open position) [IEC 60417 #5008] A
@ Grounding termination point [IEC 60417 #5019] rquu?red
The condition.ef a battery. According to thecondition of the
D battery, the.size of darkened area may vary. In combination As
with dn indicator such as an LED, this symbol may be used required
to indicate the battery is being charged. [IEC 60417 #5546]
EI Function is locked [IEC 60417 #5569] reqﬁisre d
@ Function is unlocked [IEC 60417 #5570] rquuisred
\ Current limiting © As
required
su0142a

NOTES
@ The numbers in brackets refer to the symbol number in IEC 60417.

b “As required” means that this symbol may be used to describe a rating or function in place of words wherever located on the
product as this information is not required to be marked on the product by this standard.

¢ This symbol is used to designate current limiting in the Standard for Low-Voltage Fuses - Part 1: General Requirements, UL 248-1.
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F3 Abbreviations

F3.1 Table F3.1 provides the recommended marking abbreviations used to mark products where

appropriate.

F3.2 In some instances, the symbols in Table F3.1 are required by text located elsewhere in this

Standard.

Table F3.1

Marking abbreviations

Abbreviation? Definition® Location®
A Ampere(s) As required
AL Aluminum wire As required
AL Only Aluminum wire only B
AWG American Wire Gauge C, G
BPS Battery Power Supply B
C Celsius As required
CB Circuit Breaker As required
CB/GFCI Circuit Breaker plus«Ground Fault C
Circuit Interrupter
CB/GFPE Circuit Breaker plus Ground Fault As required
Protection-of Equipment
CTL Cireit Limiting C
(6]V] Copper wire As required
CU Only Copper wire only B
CU/AL Copper or Aluminum wire B
ft Feet As required
GFPE Ground Fault Protection of Equipment | As required
HACR Heating, Air Conditioning and B
Refrigeration circuit breaker
HID High Intensity Discharge lighting rated |B
Hz Hertz (frequency) B

Table F3.1 Continued on Next Page
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Table F3.1 Continued

Abbreviation? Definition® Location®
12t The 12t time-current curve shaping As required
adjustment of the short time or ground
fault trip characteristic on electronic trip
circuit breakers
Iy Ground fault pickup setting As required
l; Instantaneous pickup setting B, D, K
g | ong-time pickup As required
I Rated current As required
in Inches As required
I Current setting As required
lsg Short-time pickup, current setting As’required
kA kiloAmperes As required
kemil Wire diameter in thousands of'eircular | As required
mils
mA milliAmperes As required
MCCB Molded-case-¢ircuit breaker As required
MCP Motor Circuit Protector, instantaneous | As required
trip circuit breaker
MCS Molded-Case Switch, meaning a As required
product without overcurrent protection
mm Millimeters As required
N Neutral As required
PV Photovoltaic C
SOL Solid (referring to wire) B
ST Shunt trip release device As required
SWD Switching duty circuit breaker B
tg Ground fault delay As required
tq Long-time delay As required

Table F3.1 Continued on Next Page
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Table F3.1 Continued

Abbreviation? Definition® Location®

tsq Short-time delay As required
UVR Undervoltage trip release As required
V Volts As required

@ The subscripting of suffix letters as shown is optional.
b The numbers in brackets refer to the applicable paragraph in this standard.

¢ “As required” means that this abbreviation may be used to describe a rating or function in place of words wherever
located on the product as this information is not required to be marked on the product by this standard.
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SUPPLEMENT SA — MOLDED-CASE CIRCUIT BREAKERS, MOLDED-CASE SWITCHES, AND
CIRCUIT-BREAKER ENCLOSURES (MARINE USE) FOR USE UNDER USCG ELECTRICAL
SYSTEMS REGULATIONS SUBCHAPTER S (33 CFR, PART 183) AND USCG ELECTRICAL
ENGINEERING REGULATIONS SUBCHAPTER J (46 CFR, PARTS 110 — 113)
These are not mandatory requirements for Canada. Canadian requirements fall under an alternate

INTRODUCTI
SA1 Scope

SA1.1 These
intended to be
applicable pu
States Coast

sections of thi

SA1.2 These
intended for
V or less int

SA2.1 IGNITI
ignite an expl
An ignition-pr
on commercig

SA2.2 MARIN

special requirgments for marine use.

CONSTRUCT]
SA3 General

SA3.1 Circuit
(104°F).

SA3.2 A term

of

SA2 Glossary

jurisdictional authority and should be investigated accordingly

ON

requirements cover marine molded-case circuit breakers and moldgd=g
installed and used aboard a boat or vessel in accordance with AnnexX B, R
lications of the American Boat and Yacht Council Inc.; and the regulations
Suard. These circuit breakers shall comply with the applicable requirements of
5 standard, except as modified or added to by the requirements'in this suppl

requirements apply to all types of circuit breakers and switches covered by

arine use and, in addition, apply to low-voltage direct-current (dc) circuit bre
ded to be powered from onboard batteries.

ON-PROTECTED — A device or componeiit’ constructed in such a manner
sive mixture of propane and air surrounding the device under normal operat
tected device is not necessarily “explosion-proof” as that term is applied to
| vessels.

E CIRCUIT BREAKER OR™MARINE SWITCH — one designed and constr

ION

breakers\to-be used in marine service shall be rated for an ambient tempe

ase switches
bf. No. 18; the
of the United
the preceding
ement.

this standard
hkers rated 50

that it will not
ng conditions.
devices used

ucted to meet

rature of 40°C

nalintended for connection of field-installed wiring shall be acceptable for st

anded copper

wire.

SA3.3 A pigtail lead intended for external connections shall be a stranded copper conductor, Type TW,
THW, TW75, or equivalent (moisture and flame retardant properties), having the minimum stranding
indicated in Table SA3.1.
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SA3.4 The requirements of 6.1.2 for corrosion protection apply to marine circuit breakers and switches,
except that aluminum or aluminum alloys shall not be used for terminal connections or parts in direct

contact with copper conductors, even if the aluminum parts are plated.

Table SA3.1
Conductor stranding
Conductor size Minimum number
AWG (mm?) of strands
18-8 (0.82 — 8.4) 19
6 (13.3) 37
4 (21.1) 61
2-2/0 (33.6 — 67.4) 127
3/0 (85.0) 259
4/0 (107) 418
PERFORMANCE
SA4 General
SA4.1 Maring circuit breakers and switches intended for-use on vessels over 19.8 m (65 [feet) in length
shall comply With the requirements of this standard;.and the additional testing requirements of SA7.1, if
applicable.

SA4.2 Marine
shall comply
subjected to @
”ignition prote

circuit breakers and switches intended for use on vessels 19.8 m (65 feet) or less in length
ith the requirements of this standard, with all requirements in this supplement, and shall be

1l of the tests in SA5 -~SA7. They shall also be subjected to the tests in

cted”.

SA5 Vibrati

Test

BA8 if marked

SA5.1 Maring circuit breakers and switches shall be capable of withstanding sinusoidal vibration in
accordance w|th Table-SA5.1 without failure of the device, change in calibration (for circuit reakers only),

or failure of t

current, permanent closing of the contacts when open, or the presence of any transient switching action

mounting means. Permanent opening of the contacts while carrying 100 p\Ercent of rated

. The supply,

having a duratfiondonger than 5 milliseconds, will constitute a failure of the device, see SAS.
load wiring, or both, shall not come loose from the terminals during this test.
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Table SA5.1
Vibration-test requirements

Peak-to-peak
amplitude in
Type Test duration mm (inch) Period frequency
CI:CUIF _breaker mark:ad 12 hours (4 hours in 051 40.03 (0.020 +0.001) 10 - 60 — _10 Hz
Ignition Protected X, Y, and z planes) (every 4 minutes)
CIrC‘l‘JI'[ k?r.eaker not ma”rked 12 hours (4 hours in 0.38 +0.03 (0.015 +0.001) 10 - 60 — .10 Hz
Ignition Protected X, Y, and z planes) (every 4 minutes)

SA5.2 Two cj

0 Ni

inch) steel or

aluminum panels, which shall in turn be secured to two rigid, welded test fixtures securedyip the vibration

table, see Figure SA5.1. One device and panel is to be secured in the intended manner
surface of the|test fixture and the other to a surface inclined 30 degrees from the Vertical.
are provided
to the test fix{ures in the manner and positions described for the individual panels. Unsu

to the vertical
If the devices

ith their own enclosure, two enclosures, with the devices installedshall be mpunted directly

pported panel

surfaces shalll be kept to a minimum to avoid resonance of the panels within the test frefjuency range.

Each device $hall be wired with stranded copper conductors of the appropriate size for

he rating and

properly torqued. The wires shall be connected to a power supply, agd" instrumentation lpcated off the

platform of the
shall be secured within 178 mm (7 inches) of the terminals. As installed, the wiring shall ng

Figure SA5.1
Typical vibration-table,test setup

RIGID WELDED ALUMINUM
TEST FIXTURE

PANEL, VERTICAL

PANEL, 30 DEGREES .
3.4 3.43 mm (0.135 in)

3 mm (0.135 in)

TEST SAMPLE,
VERTICAL

vibration-test machine. The wiring shall be installedto simulate a normal ipstallation and

t be resonant.

™~

VIBRATION TABLE

SB1772A

SA5.3 To determine whether the contacts open when closed or close when opened, an oscilloscope shall

be connected across the device contacts.
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SA5.4 While mounted as described in SA5.2, each device shall be connected to a supply capable of
delivering rated voltage and current. The device shall be turned off during the first 2 hours of testing in
each plane of vibration and turned on with 100 percent of rated current load during the final 2 hours in
each plane. The test shall be conducted at room ambient.

SA5.5 Each device shall be subjected to a variable frequency test in each of the three rectilinear axes,
horizontal, vertical, and lateral, for 4 hours in each plane, total 12 hours, at the amplitude specified in
Table SA5.1. The vibration frequency shall be automatically cycled at a constant rate from 10 to 60 to 10
Hz every 4 minutes.

SA5.6 For these tests, peak-to-peak amplitude is defined as the total displacement of sinusoidal motion
of the test table.

SA6 Shock Test

cuit breakers or switches used in the vibration test shall withstand 5000 in
D8 m/s?) peak with a duration of 20 — 25 milliseconds — measufed at th

SA6.1 The ci
(822 ft/s® or

pacts of 10 g
b base of the

approximate h
breakers only
percent of rat
switching acti
SA5.3. The s\

SA6.2 The dg
subjected to

SA5.2. The drv

be in the OFH

SA6.3 Follow|
described in 7

SA7 Short-C

SA7.1 A shorf
a source of d

initiation of the short through(a 1.2 m (4 foot) length of 1 AWG (42.4 mm?) stranded copper|

method, samg
Withstand tes

SA8 Ignition

bd current, permanent closing of the contacts when openj<orthe presence o
bn having a duration longer than 5 milliseconds shall eonstitute a failure of the device, see

alf-sine shock wave envelope — without failure of the device, change in calibration (for circuit

, or failure of the mounting means. Permanent opening of .the-Contacts whil

pply or load wiring shall not come loose from the terminals during this test.

vice and mounting fixture used in the vibration test shall be mounted on the s
e impacts indicated in SA6.1. The devices shall be installed and wired a
ices shall carry 100 percent of their rated-current during the first 2500 imp
position for the final 2500 shock impulses.

ng the shock test, a calibration test at 200 percent of rated current shal
.1.2.1.1. The test shall be conducted at either 25 or 40°C (77 or 104°F).

rcuit Test

-circuit test shall be ‘conducted on all circuit breakers or switches rated at 50
C current capable ofdelivering 3000 A. The current shall be measured 0.05

le selections-and acceptance criteria shall be in accordance with Interrupting t
, 11.1.7,Jor-circuit breakers and switches, respectively.

Protected Devices Test

b carrying 100
any transient

nock table and
5 described in
acts and shall

be made as

V or less with
seconds after
wire. The test
est, 7.1.7, and

SA8.1 Marine circuit breakers and switches or either device in combination with their enclosures intended
to be used in machinery spaces or other areas requiring ignition-protected equipment shall be subjected
to the tests described in Annex B, Ref. No. 21.
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MARKINGS
SA9 General

SA9.1 In addition to the requirements of SA9.2 and SA9.3, the circuit breakers or switches shall be
provided with all of the applicable required markings listed in the marking sections of this standard.

SA9.2 Circuit breakers or switches marked “Ignition-Protected” shall comply with the Ignition-Protected
Devices Test, SA8. Location Category C.

SA9.3 Marine circuit breakers or switches not subjected to the vibration and impact tests shall be marked,
“For Use On Vessels Over 19.8 m (65 Feet) In Length”. Location Category C.

SA9.4 For re¢ommended symbols and abbreviations, see Annex F.
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SUPPLEMENT SB — MOLDED-CASE CIRCUIT BREAKERS, MOLDED-CASE SWITCHES, AND

CIRCUIT-BREAKER ENCLOSURES (NAVAL USE)

These are not mandatory requirements for Canada. Canadian requirements fall under an alternate

INTRODUCT

SB1 Scope

jurisdictional authority and should be investigated accordingly

ION

SB1.1 These requirements cover molded-case circuit breakers, molded-case switches, and circuit

breaker encl

breaker or mo

this standard,

PERFORMAN
SB2 Vibration Test
SB2.1 Gener

SB2.1.1 During and after the vibration tests specified in SB2.2:1-"SB2.3.3, a naval circui

comply with a
below except

a) Shall not open the contacts when they are in the closed position;
b) Shall not close the contacts when they are in the open position;
c) Shall continue to perform its intended function with no adjustments or repairs;
d) Shall fall within the limits of‘the specified time bands for calibration;
e) Shall have an insulation resistance of 10 megohms after vibration test; and
f) SHhall not exceed 5 percent of the calibration limits specified in 7.1.2.2 or 7.1.1
applicpble.
SB2.1.2 During and-after the vibration tests specified in SB2.2.1— SB2.3.3, fuse units sha

circuit, chang

!

HY 3 dad £ | ol Lbait + ol HH 1 b
PUTCTO TTIITTITUTU  TUT UoT dAvuUuadlu T1ivrroultivatarit armu G.ul\llla.ly rnaval OIII'JO.
ded-case switch shall comply with the applicable requirements of the preced
except as modified or added to by the requirements in this supplement.

CE

| of the requirements below. A molded-case switch shall comply with all of the
tems d) and f):

naval circuit
ng sections of

breaker shall
requirements

1.2, as

| not open the

protective characteristics, lose filler material, or show signs of deformation.

SB2.1.3 To determine whether the contacts open when closed or close when open, an oscillograph is to

be connected

across the circuit breaker or switch contacts.

SB2.1.4 For these tests, peak-to-peak amplitude is defined as the maximum displacement of sinusoidal

motion (total t

able displacement).
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SB2.2 Resonance frequency test

SB2.2.1 A search shall be made to determine the presence of resonance. A circuit breaker or switch shall
be vibrated at a peak-to-peak amplitude of 0.51 +0.05 mm (0.020 +0.002 inch) in three rectilinear axes,
horizontal, vertical, and lateral at frequencies starting at 4 Hz (or the lowest attainable frequency) to 33
Hz. A change in frequency shall be made in discrete intervals of 1 Hz and maintained at each frequency
for 15 seconds. The frequency and orientation at which resonances occur shall be noted.

SB2.2.2 If a resonance has been determined in accordance with SB2.2.1, the circuit breaker or switch
shall be subjected to that resonant frequency, displacement, and orientation in accordance with SB2.2.1
for 2 hours. If no resonance is observed in accordance with SB2.2.1, the test shall be conducted at 33 Hz
at an amplitude of 0.51 £0.05 mm (0.020 +0.002 inch) for 2 hours in any plane.

SB2.3 Variahle frequency test

SB2.3.1 A vdriable frequency test shall be conducted separately in each of the, three rectilinear axes,
horizontal, vettical, and lateral. All tests in one direction shall be completed before, proceeding to the tests
in another dirgction. The circuit breaker or switch shall be energized as intended in actual [service during
the test. The fest shall be conducted at room temperature.

SB2.3.2 Two|circuit breakers or two switches shall be mounted as speeified in SB2.3.3 and subjected to
the vibration glisplacement ranges and amplitude specified in Table SB2.3.1. The vibratjon equipment
shall be varied in discrete frequency intervals of 1 Hz and shall'be maintained at each| interval for 5
minutes.

Table SB2.3:1
Displacement:of vibration

Table amplitude
Frequency range mm (inch)
Hz
41015 1.52 +0.15 (0.060 +0.006)
16 to 25 1.02 +0.10 (0.040 +0.004)
26 to 33 0.51 +0.05 (0.020 +0.002)

SB2.3.3 Two [circuit bréakers or two switches shall be mounted in separate 3.43 mm (0.13% inch) steel or
aluminum panels, whieh shall in turn be secured to two rigid, welded test fixtures secured tp the vibration
table, see FighresSB2.3.1. One device and panel shall be secured in the intended manner|to the vertical
surface of the|test fixture and the other to a surface inclined 30 degrees from the vertical.|If the devices
are provided with their own enclosure, two enclosures, with the devices installed, shall be mounted directly
to the test fixtures in the manner and positions described for the individual panels. Unsupported panel
surfaces shall be kept to a minimum to avoid resonance of the panels within the test frequency range.
Each device shall be wired with stranded copper conductors of the appropriate size for the rating and
properly torqued. The wires shall be connected to a power supply and instrumentation located off the
platform of the vibration-test machine. The wiring shall be installed to simulate a normal installation and
shall be secured within 178 mm (7 inches) of the terminals. As installed, the wiring shall not be resonant.
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SB3 Calibration Test
SB3.1 200 percent calibration test

SB3.1.1 A calibration test at 200 percent of rated current shall be made as described in 7.1.2. The
calibration shall not exceed £5 percent of the limits. The test shall be conducted at 50°C (122°F).

SB3.2 100 percent calibration test
SB3.2.1 A circuit breaker shall be capable of carrying 100 percent of its rated current without tripping until

temperatures become constant. The test shall be conducted on a new representative device with the
temperature of the ambient air at 50 £3°C (122 +5°F). See 7.1.2.4.
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Figure SB2.3.1
Typical vibration-table test setup

RIGID WELDED ALUMINUM
TEST FIXTURE

PANEL, VERTICAL

PANEL, 30 DEGREES .
34 3.43 mm (0.135 in)

3 mm (0.135 in)

[olNeNe]

TEST SAMPLE,
VERTICAL

/
4

O|0 OO

L~

VIBRATION /TABLE

SB1772A

MARKINGS
SB4 General

SB4.1 In add|tion to the requirement in.$B4.2, a circuit breaker or switch shall be provided with all the
applicable required markings specified in*the marking sections of this standard.

SB4.2 A circyit breaker or switch:-that complies with the requirements in SB1 — SB3, in addition to the
requirements |n this standard; shall be marked “Naval”, or the equivalent. Location Categdry C.

SB4.3 A circdit breakerthat complies with the requirements in SB1 — SB3, in addition to the requirements
in this standaid, shall’be*permitted to be marked “50 °C”.

SB4.4 For re¢ommeénded symbols and abbreviations, see Annex F.
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SUPPLEMENT SC — MOLDED-CASE CIRCUIT BREAKERS AND MOLDED-CASE SWITCHES FOR

USE WITH BATTERY POWER SUPPLIES

INTRODUCTION

SC1 Scope

SC1.1 These requirements cover molded-case circuit breakers and molded-case switches rated greater
than 250 V dc intended for use with battery power supplies (BPS), which may be wired with multiple poles
in series that may be used in uninterruptible power supplies or for energy storage in renewable energy

systems.

SC1.2 A mol
supplies shall
as modified o

SC1.3 These
V dc or less.

SC2 Glossary

SC2.1 BPS N
rated greater

SC2.2 BPS N
nonautomatic

CONSTRUCT
SC3 General

SC3.1 BPS ¢
rated circuit b

Hed-case circuit breaker and molded-case switch intended for use (With
comply with the applicable requirements of the preceding sections of this stg
supplemented by the following requirements.

requirements do not cover molded-case circuit breakers or melded-case switd

IOLDED-CASE CIRCUIT BREAKER - a circuit\breaker intended for use in
han 250 V dc.

IOLDED-CASE SWITCH — a molded case switch intended to open and clo
means and intended for use in BPS¢systems rated greater than 250 V dc.

ION

rcuit breakers shall ‘have the same construction and comply with the requit
eakers as specified*in Section 6.

SC3.2 BPS gwitches shall\have the same construction and comply with the requirement

switches as s

becified inSection 10.

pattery power
ndard, except

hes rated 250

BPS systems

5e a circuit by

ements for ac

s for ac rated
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PERFORMANCE
SC4 General

SC4.1 The sample selection and performance test sequences for BPS circuit breakers shall be
conducted as specified in Section 7.1 except as modified in Sections SC5 — SC10.

SC4.2 A BPS switch shall comply with the general performance requirements as specified in Section 11
except as modified in Sections SC6, SC7, SC11, and SC12.

SC4.3 For a BPS switch that is identical in ratings and construction to a BPS circuit breaker that complies
with the requirements of Supplement SC and in which the release element is either omitted or made

H H + £ il H ey + 1 Aalit: L3 'H i i Al
|naCt|Ve, exce LU TUT UTTC TTTolAarnitarnivuuo TUITAaoy, TV auuiltuvurial LUOUIIU o TTYuUIrcu.

SC5 Calibration Test

SC5.1 A BPY circuit breaker shall be subjected to all of the applicable calibrationand recqlibration tests,
including the gadjustable instantaneous response calibration test specified in 7.#:2.5.1.

SC6 Overload Test

SC6.1 A BPS circuit breaker or switch shall be subjected to the overload test specified |n 7.1.3 at the
maximum ratgd voltage specified in Table SC8.1. The numberiof operations and the test|current of the
overload test ghall be in accordance with Table SC6.1.

Table SC6:1
Overload test

Device rating, amperes No. of Percent of
¢ P cycles rated current
249 and less 50 200
250 — 6000 25 200

SC7 Enduranmce Test

SC7.1 A BPY circuit breaker or switch shall be subjected to the endurance test specified |in 7.1.5 at the
maximum rated voltagéSpecified in Table SC8.1. The number of operations of the endurance test shall
be in accordapce with-Table SC7.1.
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Table SC7.1
Endurance test

Cycles of operation
Device With load Without load
rating, amperes

249 and less 1000 1000

250 to 6000 400 400
SC8 Interrupting Test

. ] \JIIUUI{ MITCANTT oliadil Vo OUUUL{{UU tU tl A>3 ;I ItUIIU t;ll tUDtO =] UUIIIUU ;II r. .7 I

SC8.1 A BPS breaker-shat-be-stbjected-toth pting peeifieeHn—7—+7-at the nominal

rated voltage ppecified in Table SC8.1. The test currents shall be selected from the “Common” column in
Table 7.1.7.3.| The sequence for these tests shall be “O — CO — O”.

Table SC8.1
Voltage rating, volts DC
Level Nominal Maximum
1 384 500
2 500 600
3 600 750
4 800 1000
5 1250 1500

SC9 Dielectrjc Voltage-Withstand Test

SC9.1 A BP9 circuit breaker or switch shall be subjected to the dielectric voltage-withstand test specified
in 7.1.9.

SC10 High-Available-Fault-Current Testing
SC10.1 A BHS circuit\breaker may be subjected to the high-available-fault-current tesis specified in

7.1.11. The interrupting capacity test specified in 7.1.11.4.1 shall be conducted at the ngminal voltage
rating specified in\Jable SC8.1.

SC11 Short Circuit Current Withstand Test

SC11.1 A BPS switch shall perform successfully when operated under conditions indicated in 11.1.7
except as modified by SC11.2 — SC11.4.
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SC11.2 A BPS switch shall withstand the designated current until the overcurrent protective device
opens. The test shall be conducted at the nominal voltage rating specified in Table SC8.1.

SC11.3 For a BPS switch not marked as requiring a specific circuit breaker or fuse, the test current shall
be maintained for 0.050 sec. or the time required for an instantaneous release mechanism to respond.

SC11.4 At the conclusion of the withstand test, the BPS switch shall be subjected to the Dielectric
Voltage-Withstand Test specified in 11.1.7.3.

SC12 Contact Opening Test

SC12.1 If a BPS switch is tested as indicated in 11.1.7.6, the test shall be conducted at the nominal rated
voltage as speeifieeHr—Fable-S68-

o OuUuU.T.

SC12.2 At th
Test specified

b conclusion of the test, the switch shall be subjected to the Dielectri€Volt
in 11.1.7.7.

hge-Withstand

SC12.3 The fpumber of operations for a DC switch constructed using multiplevpoles conngcted in series
shall be three

RATINGS

SC13 Gener

SC13.1 A BPS circuit breaker or switch shall be rated for oné of the nominal and maximul
indicated in Table SC8.1.

Im dc voltages

MARKINGS

SC14 General

SC14.1 In adition to the following requirements, a BPS circuit breaker or switch shall be|
all the applicaple required markings specified in the preceding marking sections of this sta

SC14.2 A BPp circuit breaker 6r'switch shall be marked with the nominal and maximum dc
Location Category B.

SC14.3 A BHS circujtibreaker or switch shall be marked with a wiring diagram indicati
connections of the poles in series. Location Category B.

provided with
ndard.

voltage rating.

ng the proper

SC14.4 A BP[S\circuit breaker or switch shall be marked to indicate it is intended for use g

n ungrounded

systems only. Location Category B.

SC14.5 A BPS circuit breaker shall be marked ”“For V dc nominal

\Y

dc maximum rating the circuit breaker is suitable only for use with battery power supplies”. The blank lines
shall be filled in with the appropriate ratings from Table SC8.1. The words “battery power supplies” shall
be permitted to be abbreviated "BPS”. Location Category B.


https://ulnorm.com/api/?name=UL 489 2019.pdf

OCTOBER 24, 2016 NMX-J-266-ANCE-2016 ¢ CSA C22.2 NO. 5-16 ¢ UL 489 247

SC14.6 For recommended symbols and abbreviations, see Annex F.

SC14.7 A BPS switch shall be marked, “For V dc nominal V dc
maximum rating the molded case switch is suitable only for use with battery power supplies”. The blank
lines shall be filled in with the appropriate ratings from Table SC8.1. The words “battery power supplies”
shall be permitted to be abbreviated “BPS”. Location Category B.

SC14.8 A BPS switch shall be marked, “This switch is suitable for use on a circuit capable of delivering
not more than amperes, rms symmetrical, when protected by (Type ___ BPS circuit
breaker) rated amperes maximum” or equivalent marking. See Short Circuit Current Withstand
Test, SC11.
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SUPPLEMENT SD - CLASSIFIED CIRCUIT BREAKERS FOR USE WITH SPECIFIED

PANELBOARDS AS AN ALTERNATE FOR SPECIFIED CIRCUIT BREAKERS

This Classification program is not available in Canada or Mexico
INTRODUCTION

SD1 Scope

SD1.1 These requirements cover classified circuit breakers intended for use as alternates for specified

circuit breakers for use with speC|f|ed panelboards rated 225 amperes 120/240 V maxim
available shoft-e 2
amperes, 120

240 V maximum.

SD1.2 These
for Classified
Breakers speq

requirements are intended for use in conjunction with the requirements in S
Circuit Breakers for Use with Specified Panelboards as an Alteriate for Sg
ified in Annex B, Ref. No. 19.

SD2 Glossary

SD2.1 CLASS
breaker as su

BIFIED CIRCUIT BREAKER - A circuit breaker identified by the manufacture
table for use in a specified panelboard as an alternate for a specified circuit

SD2.2 SPECIFIED CIRCUIT BREAKER - A circuit breakeridentified by the panelboard m
a catalog number or the equivalent for use with that mantfacturer’s panelboard.

SD3.1 A clasfified circuit.breaker shall comply with the requirements in this standard ang
applicable requirementsdn Annex B, Ref. No. 19.

SD4 Handle [Ties

um where the
e rated 15-60

Lupplement SB
ecified Circuit

r of the circuit
breaker.

anufacturer by

ifrcuit breaker

uit breaker. A
the equivalent

also with the

SD4.1 The classified circuit breaker manufacturer shall make available a handle tie for use with the

classified circuit breaker in combination with each circuit breaker type intended for

the specified

panelboard. This includes the specified circuit breaker as well as classified circuit breakers of all other
manufacturers marked for use with the specified panelboard. Multiple designs of handle ties may be

required.
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SD4.2 Handle ties shall comply with Section 6.1.5.3.

SD4.3 A handle tie available separately as a kit shall comply with 14.1.2 as applicable.
PERFORMANCE

SD5 General

SD5.1 A classified circuit breaker shall comply with the requirements in this standard, and be investigated

and marked for at least the same ratings and features (such as SWD, HACR, and the like) as the specified
circuit breaker.

SD6 Interrupting—Fest

SD6.1 A single-pole classified circuit breaker rated 120/240 V ac shall additionally be(subjgcted to testing
in pairs. The gecond circuit breaker of the pair shall be the specified circuit breaker,land i addition, any
other previougly classified circuit breaker intended as an alternate for the specified circuit reaker.
SD6.2 The tepting shall be in accordance with:

a) Table 7.1.1.2, Test Sequences;

b) 7J1.1.17 and 7.1.11.7; and

c) For high-available fault-current testing, 7.1.11.1°~7.1.11.7.

SD6.3 During the testing specified in SD6.2, each circuit breaker pair shall be handle-tied

SD6.4 The rdsults for each test shall comply with the requirements for each test as specified elsewhere
in this standaifd. In addition, the handle tie shall continue to function as intended.

MARKINGS
SD7 Details
SD7.1 A clasfified circuit breaker shall be marked in accordance with the requirements ir] this standard
and also in acfordance with'the supplement to Annex B, Ref. No. 19 Supplement SB for Classified Circuit

Breakers for Yse with-Specified Panelboards as an Alternate for Specified Circuit Breakerg.

SD7.2 For re¢commended symbols and abbreviations, see Annex F.
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