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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.
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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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