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PREFACE

This is the harmonized ANCE, CSA Group, and ULSE standard for Molded-Case Circuit Breakers,
Molded-Case Switches, and Circuit-Breaker Enclosures. It is the sixth edition of NMX-J-266-ANCE, the
fifth edition of CSA C22.2 No. 5, and the fourteenth edition of UL 489. This edition of NMX-J-266-ANCE
supersedes the previous edition published on April 22, 2019. This edition of CSA C22.2 No. 5 supersedes
the previous edition published October, 2016. This edition of UL 489 supersedes the previous edition
published on April 22, 2019.

This harmonized standard was prepared by the Association of Standardization and Certification (ANCE),
CSA Group, and ULSE. The efforts and support of the Technical Harmonization Subcommittee, 121A,
Molded Cas izati ' Nations of the

o Circui
Americas (CAINENA), are gratefully acknowledged.

This Standard is considered suitable for use for conformity assessment within the|stateqg
standard.

scope of the

strial from the
NCE, with the

The present Mexican standard was developed by the CT CDI Control y, Distribucion Indd
Comite de N¢rmalizacion de la Asociacion de Normalizacion y Certificacion, A.C., CONA
collaboration pf the circuit breaker manufacturers and users.

This Standarg
Switches and
Industrial Pro

Molded Case
Committee on

was reviewed by the CSA Subcommittee on Molded Case Circuit Breakers
Circuit Breaker Enclosures under the jurisdiction of the CSA Technical

has been for
compliance W

Hucts and the CSA Strategic Steering Committee on Requirements for Electri
mally approved by the CSA Technical Committee. This standard has been
ith Standards Council of Canada requirements for National Standards of (

tal Safety, and
developed in
anada. It has

been publishgd as a National Standard of Canada by CSA Group.

Application of Standard

Where refere mber is to be

considered a

nce is made to a specificyhumber of samples to be tested, the specified nu
Mminimum quantity.

Note: Although t hat it remains the

responsibility of t

he intended primapy” application of this Standard is stated in its scope, it is important to note t
he users 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.

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
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identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.
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INTRODUCTION
1 Scope

1.1 The requirements of this Standard applies to 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 applies to molded-case switches and fused molded-case switches.

1.3 This Standard applies to devices rated at 1000 volts ac and 1500 volts dc or less~ahd 000 amperes
or less.

1.4 The devjces referenced in 1.1 and 1.2 are intended for installation in an overall enclospre or as parts
of other devides such as panelboards. The acceptability of the combination\will be determjned when the
complete prodluct is investigated.

1.5 This Standard applies to circuit-breaker enclosures and accessory devices intended for use with the
devices descilibed in 1.1 and 1.2.

1.6 This Stgndard does not apply to low-voltage power circuit breakers covered in Annex B, Ref. No. 3
and Ref. No. 4 or supplementary protectors covered in Aninex B, Ref. No. 5.

1.7 This Standard contains supplements coveringthe requirements for molded-case circuif breakers for:
a) Marine Use;
b) Naval Use;
c¢) Unimpterruptible Power Supply Use;
d) Classified Circuit BfeaKers;
e) Soffware in Programmable Components;

f) Additional-Tests for Circuit Breakers with Electronic Overcurrent Protection;

g) Elettromagnetic Compatibility (EMC) — Requirements and Test Methods for Citcuit 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.

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

c) Ground-fault.

2.4 ADJUSTABLE INSTANTANEOUS RELEASE (TRIP) — That part of an overcurrent trip element that
can be adjusted to trip a circuit breaker instantaneously at various values of current within a predetermined
range of currents.

2.5 ALARM SWITCH - A switch that operates to open or close a circuit upon the automatic opening of

the molded case product with which it is associated.

2.6 AMBIEN
partially or con

2.7 AMBIEN
the circuit bre
enclosure.

2.8 AUXILIA

T-COMPENSATED CIRCUIT BREAKER — A circuit breaker in which means af
npletely neutralizing the effect of ambient temperature upon the tripping-charag

T TEMPERATURE — The temperature of the surrounding medium:that comes i

RY SWITCH — A switch that operates to open or closg\an auxiliary (control) ci

opening, closing, or tripping of the molded-case product with whigch'itis associated.

2.9 CALIBRA
circuit breaker

2.10 CALIBH

2.11 CIRCUI
to open the ci
applied within

2.12 CIRCU
normal circuit

ATION — The factory adjustment of the release mechanism of a circuit breake
perform in accordance with its prescribed characteristics.

ATION TEST - Verifies the tripping.characteristics of a circuit breaker.

T BREAKER — A device designed to open and close a circuit by nonautomati
cuit automatically on a predetermined overcurrent, without damage to itself
ts rating.

breaker functions_and provides personnel protection by functioning to de-ene

within an established period of-time when a current to ground exceeds the values established

device as requ

2.13 CIRCU
circuit breaker

ired by the.National Installation Codes in Annex B, Ref. No. 1.

fungtions and provides protection for repeated limiting of specified transient-v

e provided for
teristics.

n contact with

aker or switch. For an enclosed device, it is the temperature of the medium outside the

rcuit upon the

r to make the

C means, and
vhen properly

T BREAKER AND-GROUND-FAULT CIRCUIT-INTERRUPTER — A device that performs all

rgize a circuit
for a Class A

T BREAKER AND SURGE PROTECTIVE DEVICE — A device that perforis all normal

oltage surges

on 50 or 60 Hz

power circuits not pyr‘npding 600\

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.

217 CLASS 1l 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-interrupting capability of the disconnecting device.
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218 CLASS CTL CIRCUIT BREAKER - One that, because of its size or configuration, in conjunction
with a Class CTL panelboard, prevents more circuit breaker poles from being installed than the number for
which the assembly is intended and rated.

2.19 CLOSE-OPEN OPERATION — A close operation followed immediately by an open operation
without purposely delayed action. The letters "CO" signify this operation.

2.20 COMMON TRIP CIRCUIT BREAKER — A multipole circuit breaker constructed so that all poles will
open when any one or more poles open automatically.

2.21 CROSS-OVER CURRENT — The current of a fused circuit breaker at which the function of the fuse
coincides with the operation of the trip mechanism of the circuit breaker, i.e., where the fuse clearing time

curve Ccrosses

2.22 CURR
when operatir
cycle wave of]

2.23 CURR
current and th

224 CURR
without trippin

2.25 DIELE
and spacings

2.26 DRAW

supporting stfucture constructed so that the ‘circuit breaker is supported and can be move]

main circuit
mounting sup
that permits
positions only]

2.27 ELECT
mechanism o

2.28 ENER
reduce the clg

the circuit breaker trip characteristic curve.

ENT-LIMITING CIRCUIT BREAKER — One that does not employ a‘ fusible
g within its current-limiting range, limits the let-through 1%t to a valug €ss than
the symmetrical prospective current.

ENT-LIMITING RANGE — The rms symmetrical prospective cUrrents betweer
e maximum interrupting rating current.

ENT SETTING (I,) — The rms current an adjustable‘circuit breaker is set to carn
g. Itis normally expressed as a percentage of therated current and is adjustah

CTRIC VOLTAGE-WITHSTAND TEST —:Determines the ability of the insulz
used to withstand overvoltages without.breakdown under specified conditions.

DUT-MOUNTED CIRCUIT BREAKER — An assembly of a circuit breaker t

connected or disconnected position without the necessity of removing ¢
ports. The structure inclddes both self-supporting circuit terminals and an inter
movement of the circujt breaker between the main circuit connected and
when the circuit breaker contacts are in the open position.

RICAL OPERATOR — An electrical controlling device which is used ftd
a circuit breaker in order to open, close, and if applicable, reset the circuit bre

5Y-REDUCING MAINTENANCE SETTING — A selectable function of the trip u

element and,
he I°t of a 1/2-

the threshold

y continuously
le.

ting materials

bgether with a
d to either the
onnections or
ocking means
disconnected

operate the
bker or switch.

nit intended to
vent.

aring’time of a circuit breaker thereby reducing the energy during an arc fault ¢

2.29 ENDURANCE TEST - Determines compliance with a specified number of mechanical and
electrical operations.

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

2.31

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 curre

nt.

2.32 FRAME - An assembly consisting of all parts of a circuit breaker except an interchangeable trip

unit.
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2.33 FRAME SIZE - A term applied to a group of circuit breakers of similar physical configuration. Frame
size is expressed in amperes and corresponds to the largest ampere rating available in the group. The
same frame size designation may be applied to more than one group of circuit breakers.

2.34 FUSED CIRCUIT BREAKER — A circuit breaker that contains replaceable fuses or high-fault
protectors assembled as an integral unit in a supportive environment and enclosed housing of insulating
material.

2.35 FUSED MOLDED-CASE SWITCH — A switch with integral replaceable fuses or high fault protectors
assembled as an integral unit in a supportive and enclosed housing of insulating material.

2.36 GROUND-FAULT DELAY — An intentional time delay in the tripping function of a circuit breaker
when a ground-fault occurs.

2.37 GROUN
ground-fault d

2.38 HEATIN
intended for us
refrigeration e

ID-FAULT PICKUP SETTING — The nominal value of the ground-fault ctrren
blay function is initiated.

G, AIR CONDITIONING, AND REFRIGERATION (HACRMNEIRCUIT BRE
e with multi-motor and combination loads such as are found in"heating, air cor
juipment.

2.39 HIGH-R
high-fault pro

AULT MODULE - A self-contained unit, with or without provision for replace
ctors, constructed for use with specific molded case products and with

t at which the

AKER — One
ditioning, and

able fuses or
provision for

e
connecting dir}ctly to the load terminals of the molded case product and that functions only tp increase the

short circuit inferrupting rating of the combination.

2.40 HIGH-R
molded-case {
rating of the m

AULT PROTECTOR - A replaceablé’fuse-like device intended for use with gpecific fused
roducts and/or high-fault modules that function only to increase the short circdiit interrupting
plded-case product.

2.41 INDEPENDENT TRIP CIRCUIT BREAKER — A multipole circuit breaker constructedq such that all
poles are not ihtended to open when one or more poles open automatically.
2.42 INSTANTANEOUS OVERRIDE — A fixed current level at which an adjustable circujt breaker will

override all seftings and wilkirip'instantaneously.

2.43 INSTAN
breaker is set

TANEQUS PICKUP SETTING — The nominal value of current that an adj
o tripiinstantaneously.

istable circuit

2.44 INSTANTANEOUS TRIP — A qualifying term indicating that no delay is purposely infroduced in the
automatic tripping of the circuit breaker.

2.45 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 initial motor transients.

2.46 INTERCHANGEABLE TRIP UNIT — One which can be interchanged by a user among circuit
breaker frames of the same design. See also Rating Plug.

2.47 INTERNAL MECHANISM - The means by which the main contacts of a circuit breaker are
actuated.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 489 2025.pdf

MARCH 7, 2025

NMX-J-266-ANCE-2025 ¢ CSA C22.2 No. 5:25 ¢ UL 489

19

2.48

intended to interrupt under standard test conditions.

2.49

in which the delay decreases as the magnitude of the current increases.

2.50

INTERRUPTING RATING — The highest RMS symmetrical current at rated voltage that a device is

INVERSE TIME — A qualifying term indicating that there is a purposely introduced delayed tripping

I’t (AMPERES SQUARED SECONDS) — An expression related to the circuit energy as a result of

current flow. With respect to circuit breakers, the It is expressed for the current flow between the initiation
of the fault current and the clearing of the circuit.

2.51
position.

LOCK-OFF DEVICE — A device that permits a molded-case product to be locked in the OFF

2.52 LOCK-

2.53 LONG;

breaker's invgrse time characteristics. The position of the long time portion of*the trip cur

referenced in
2.54 LONG{

2.55 MECH
breakers or s

2.56 MOLD
supportive an

2.57 MOLD
assembled as

2.58 MULTI
more separat

2.59 NEUTH
providing for {
the neutral alg

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

and

(ON DEVICE — A device that permits a molded-case product to be locked:in the

TIME DELAY — An intentional time delay in the overload tripping-of an ad|

seconds at 600 percent of the current setting (I,).
TIME PICKUP — The current at which the long-time delay function is initiated.

ANICAL INTERLOCK — A device or system that mechanically connects two
vitches so that only selected ones can be closed-at the same time.

ED-CASE CIRCUIT BREAKER — A circuitbreaker which is assembled as an in
d enclosed housing of insulating material.

EFD-CASE SWITCH — A device designed to open and close a circuit by nonaut
an integral unit in a supportive and enclosed housing of insulating material.

POLE CIRCUIT BREAKER - A circuit breaker with two or more poles which
b conducting paths.

RAL (or SOLID(INEUTRAL) — An assembly consisting of an appropriate numb
he connection.of the neutral conductors. When used as a component of serv
o includes:

ON position.

ustable circuit

ve is normally

br more circuit

tegral unitin a

pbmatic means,

provide two or

er of terminals
ce equipment,

the enclosure;

b) A terminal for the grounding electrode conductor.

2.60 OPEN OPERATION — The movement of the contacts from the closed to the open position. The

letter "O" sign

2.61

ifies this operation.

OVERVOLTAGE-TRIP RELEASE DEVICE - A trip mechanism that causes a circuit breaker to

open automatically if the voltage across the terminals of the trip coil rises above a predetermined value.

2.62 PEAK CURRENT — The maximum instantaneous current that flows in a circuit.

2.63 PILOT DUTY - The rating assigned to a relay or switch that controls the coil of another relay or

switch.
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2.64 POLE - That portion of a circuit breaker or switch associated exclusively with one electrically
separated conducting path of its main circuit.

2.65 PROSPECTIVE CURRENT (AVAILABLE CURRENT) — The current that would flow in a circuit if a
short circuit of negligible impedance were to occur at a given point.

2.66 RATED CONTROL VOLTAGE - The designated voltage that is to be applied to the closing or
tripping devices to open or close a circuit breaker or switch.

2.67 RATED CURRENT (l,) — The marked current rating and the maximum RMS current a circuit
breaker can carry continuously without tripping and the maximum current the circuit breaker will carry

without chang
setting (I,).

2.68 RATED
designed and

2.69 RATED
designed to of

2.70 RATIN(

2.71 RATIN(
replaceable in

2.72 RECOV
breaker upon

2.73 REMOT
to remotely op

2.74 SERIES
comprised of

ing, deleting, or adding a part or parts such as trip units and rating plugs. See also current

FREQUENCY - The service frequency of the circuit for which thecirc
ested.

VOLTAGE - The rated voltage is the nominal rms voltage fer.which the cirg
erate.

b — The designated limit or limits of the rated operating characteristic(s) of a de

h

b PLUG — A self-contained portion of a circuit breaker that is intercha
a circuit breaker trip unit by the user. It sets the*Rated Current (1,,) of the circuit

ERY VOLTAGE - The voltage that appears across the terminals of a po
nterruption of the circuit.

[ELY OPERATED CIRCUIT BREAKER - A circuit breaker that contains an ir
en and close the circuit.

b RATED (SERIES CONNECTED) — A group of overcurrent devices, connectg
circuit breaker or-main fuse and one or more downstream circuit breakers th

tested togethgr to permit the(branch or downstream circuit breakers to be applied on circy
available shorf circuit current. exceeds the marked interrupting rating on the branch circuit brg

2.75 SHORT CIRCUIT CURRENT RATING — The maximum RMS prospective (availab
which a device can\be connected when protected by the specified overcurrent protective
rating is expregsed in amperes and volts.

it breaker is

uit breaker is

Vice.

ngeable and
breaker.

e of a circuit

tegral means

d in cascade,
at have been
its where the
aker.

le) current to
devices. The

2.76 SHORT-TIME DELAY — An intentional time delay in the tripping of a circuit breaker between the

overload and t

he instantaneous pickup settings.

2.77 SHORT-TIME PICKUP — The current at which the short-time delay function is initiated.

2.78 SHUNT-TRIP RELEASE DATA — A release mechanism energized by a source of voltage which

may be derive

d either from the main circuit or from an independent source.

2.79 SPECIAL PURPOSE NOT FOR GENERAL USE CIRCUIT BREAKER - A circuit breaker having
special features limiting their suitability to specific applications.

2.80 SUPERVISORY CIRCUIT — A feature included in a circuit breaker and ground-fault circuit-
interrupter that provides a manual method for testing the device by simulating a ground fault.
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2.81

lighting loads on a regular basis.

SWITCHING DUTY (SWD) CIRCUIT BREAKER — A circuit breaker intended to switch fluorescent

2.82 THERMAL MEMORY - The ability of an electronic trip unit to approximate heating due to cyclic

overloads.

2.83 THERMAL MEMORY RETENTION — The ability to maintain thermal memory upon shutdown or

power loss.

2.84 THRESHOLD CURRENT — The RMS symmetrical prospective current at the threshold of the
current limiting range, where:

a) The
curren

b) The
curren

2.85 TRIP-H
in the closed

2.86 TRIPP
2.87 TRIP U
a circuit break

Current (1) off

2.88 UNDE
automatically|i
2.89 UNFUS

3 Compongqg

3.1 Except
requirements
in the produ

Standards Agsociation, or the Underwriters Laboratories Inc. Standards as appropriate fi

where the p
component s
intended to be

t; and

L.

position by the operating means during trip command conditions.

5ED MOLDED-CASE SVWHTEH — See Molded-Case Switch.

peak current let-through in each phase is less than the peak of that symmetrig

I’t in each phase is less than the I’t of a 1/2 cycle wave of the symmetrig

REE CIRCUIT BREAKER - A circuit breaker designed so thatthe contacts ¢

NG — The opening of a circuit breaker by actuation-ofthe release mechanism.

NIT — A self-contained portion of a circuit breaker that is interchangeable and
er frame by the user. It actuates the circuit breaker release mechanism and it
the circuit breaker unless a rating plug is‘used. See also Rating Plug.

f the control voltage falls below.a predetermined value.

nts

s 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 components
s covered by this Standard. A component shall comply with the ANCE, or

al prospective

al prospective

annot be held

replaceable in
sets the Rated

RVOLTAGE TRIP RELEASE - A release mechanism that causes a circuit bijeaker to open

bmply with the
jenerally used
the Canadian
or the country
ne country, a

duct’is to be used. When a product is intended for use in more than g

used.

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

in which it is

a) Involves a feature or characteristic not required in the application of the component in the

produc

t covered by this Standard; or

b) Is superseded by a requirement in this Standard.

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

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

4 Units of Measurement

4.1 The values given in Sl (metric) units shall be normative, except for AWG/kcmil conductor sizes. Any
other values are for information only.

5 Reference Publications
5.1 Where

considered to [refer to the latest edition and all amendments published to that edition up_te-the time when
this Standard was approved. See Annex B.

5.2 A produdt shall comply with the installation codes and standards as appropriate’ for the ¢ountry where
the product is|used. When the product is intended for use in more than one\eountry, the|product shall
comply with thk installation codes and standards for all the countries in whichitis intended to|be used.

MOLDED CAS$E CIRCUIT BREAKERS
CONSTRUCTJON

6 All Types
6.1 General

6.1.1 A circuit breaker intended particularly_for use in panelboards and the like shall be gvaluated with
respect to its intended application as well asunder the requirements of this Standard.

6.1.2 A circult breaker shall be provided with means for mounting.

6.1.3 A circdit breaker shall have an integral housing for all the mechanism and live parts except the
operating handlle and the wiring/terminals, and shall be manually operable without opening this housing.

6.1.4 There $hall beno.direct opening in the front of a circuit breaker, except that a circuit|breaker need
not comply if|a cotten”indicator, as described in 26.7.11, does not ignite during the inferrupting test
described in Irftertupting test, 26.7.

6.1.5 If a circuit breaker requires a specific receiving device, the combination of the circuit breaker and
receiving device shall comply with all of the applicable requirements in this Standard.

6.1.6 A circuit breaker shall have the strength and rigidity necessary for its intended use and to meet the
test requirements of this Standard.

6.1.7 A circuit breaker may be manufactured as a circuit breaker frame and an interchangeable trip unit
and each shall be plainly marked in accordance with 47.1.2 and 60.1.

6.1.8 A Class CTL circuit breaker shall have a size or configuration that, in conjunction with the physical
means provided in a Class CTL panelboard, prevents the installation of more circuit breaker poles than
that number for which the assembly is designed and rated. See 47.4.2.
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6.2 Corrosion protection

6.2.1 lron 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.

6.2.2 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.

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

6.3 Cases < Insulating material

6.3.1 A cas¢ for mounting uninsulated live parts shall be strong, not easily ignited, moisture-resistant,
and insulating. The case shall be of such material that it will withstand the most’severe conditions likely to
be met in seryice.

6.3.2 Ordingry fiber, rubber, and hot-molded shellac and tar compositions are not accgptable for the
mounting of upinsulated live parts.

6.3.3 Insulafing material, including barriers, shall have‘\ properties acceptable for [the particular
application.

6.3.4 An ingulating barrier, which is required forsthe proper performance or installatign of a circuit
breaker, shal| be an integral part of, or reliably.-attached to, the circuit breaker, or a mdrking shall be
provided in agcordance with 47.1.12.

6.3.5 Remoyable lug and terminal covérs shall be permitted if specific marking on the gircuit breaker
housing is prqvided to indicate the need for replacement. See 47.1.13.

6.4 CurrenttCARRYING PArts

6.4.1 General

acceptable for the application. The acceptability of metals shall be judged on the basis off their ability to
carry current|while the products in which they are used satisfy the performance requirgments of this
Standard. The acceptability of other metals to resist corrosion shall be in accordance with 6.2.

6.4.1.1 Cuo}rent-carrying parts shall be of silver, a silver alloy, copper, a copper alloy, pr other metal

6.4.1.2 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.

6.4.1.3 Uninsulated live parts, other than soldering lugs or pressure wire-connectors meeting the
requirements of 6.6.1.4 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.

6.4.1.4 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.
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6.4.2 Terminals

6.4.2.1 Except as described in 6.4.2.4, 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 and Terminations, Section 117. A wiring terminal shall be acceptable for the
temperatures encountered. See also 6.4.2.9, 6.4.2.16, and 47.2.14.

Table 6.1
Terminal Current and Conductor Size
Copper conductor Aluminum or copper-clad aluminum conductor
Jf:g::al:] Namber of Size AWG or komil Namber of Size AWG br kemil
amperes?® conductors 60 °C 75°C conductors 60 °C 75°C
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

Table 6.1 Continued on Next Page
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Table 6.1 Continued

Copper conductor Aluminum or copper-clad aluminum conductor
Jerminal Number of Size AWG or kemil Number of Size AWG or kemil
amperes® conductors 60 °C 75°C conductors 60 °C 75°C
3 600
1200 4 350 4 500
3 600
1400 4 500 5 500
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
2 For terminal clirrent other than indicated, the next higher rating is to be used — for example, if rated 35 A, enter aj 40 A.
b Circuit breakefs rated at more than 4000 A are to be considered as being bus- or cable-connected unless indicatied otherwise in
marking.
mm? 2.1 3.3 5.3 84 13.3 211 26.7 33.6 42.4 53.5
(AWG (14)  (12)  (10) (8) (6) (4) (3) (2) (1) (1/0)
mm? 674 850 107 2 127 152 177 203 253 304 380
(AWG or kemil) (2/0) (3/0) (4/0) (250)  (300) (350) (400) (500)  (BOO)  (750)

6.4.2.2 A wire connector provided with or specified for use with a circuit breaker shall comply with the
appropriate requirements of UL, CSA, or Mexico specified in one of the following:

a) Annex B, Ref. No. 6; or

b) Annex B, Ref. No. 7. When these connectors are used, an interrupting test for the circuit breaker
shall be performed if the interrupting rating of the circuit breaker is greater than 10 kA.

6.4.2.3 The tightening torque for a field wiring terminal shall be as specified by the circuit breaker
manufacturer, and the circuit breaker shall be marked as required by 47.2.5. The specified tightening
torque shall not be less than 90 percent and not more than 100 percent of the value used in the static
heating test as specified in Annex B, Ref. No. 6 for the wire size corresponding to the ampere rating of the
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circuit breaker. See Mechanical tests, 26.10.1. Torque values shall be permitted to be less than 90 percent
if the connector is investigated in accordance with the lesser assigned torque value in Annex B, Ref. No. 6.

6.4.2.4 Wire connectors or wire-binding terminals for the line or the load, or both, may be omitted if:
a) Provision is made for a bus-bar connection;
b) Provision is made for a plug-in connection;
c) Field-installable kits are available from the manufacturer and the conditions in 6.4.2.5 are met; or

d) The circuit breakers have a special form of construction, such as those providing a switching
neutral pole or an isolated pole for water heater use, and the like; such devices shall be permitted
to havg means of connection considered acceptable for the intended purpose- |n place of a
pressufe terminal connector.

6.4.2.5 Fieldtinstallable connectors shall meet the following:

a) Component terminal kits shall be available from the circuit breakersmanufacturer, dr one or more
wire cannectors shall be specified for field installation on the equipment;

b) Fastening devices, such as studs, nuts, bolts, springs, and flat washers, or the likg, as required
for an |effective installation, shall either be provided as-part of the component terminal kit or
mountgd on, or separately packaged with, the circuit breaker;

c) Thelinstallation of the terminal kit shall not invojve‘the loosening or disassembly [of parts other
than thpse normally disassembled for installation~and wiring;

d) If the wire connector provided in a component terminal kit requires the use of a special tool for
securir|g the conductor, any necessary instructions shall be included in the compongnt terminal kit
packade or with the circuit breaker;

e) Installation of the wire connectors’in the intended manner shall result in a product that meets the
requirements of this Standard; and

f) The|circuit breaker or-~circuit breaker frame, and component terminal kit shall pe marked in
accordpnce with 47.2.41,

6.4.2.6 A wine-bindingiserew may be used at a field wiring terminal intended for the conngction of a 10
AWG (5.3 mmf) or smaller wire if upturned lugs or the equivalent are provided to retain the Wire under the
head of the scfew.should the screw become loosened.

6.4.2.7 A plug-in circuit breaker shall not have a screw or wire connector that can be used
simultaneously for the connection of a conductor on the same side as the plug-in connection. A conversion
kit with instructions may be provided to accomplish a change in the type of plug-in connection.

6.4.2.8 The plug-in connection members on a circuit breaker and on a receiving means shall have the
strength necessary for the forces applied during inserting and removing the circuit breaker.

6.4.2.9 A plug-in circuit breaker shall be retained on the stabs without depending on the trim or cover of
the enclosure.

6.4.2.10 If a screw-and-washer construction is used at a field wiring terminal, the screw shall not be
smaller than No. 10 (4.8 mm) with no more than 32 threads per inch (per 25.4 mm).
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6.4.2.11 A terminal plate tapped for a wire-binding screw shall be of metal not less than 1.27 mm (0.050
inch) thick and shall have not less than two full threads in the metal; except that a special alloy plate less
than 1.27 mm (0.050 inch) but not less than 0.76 mm (0.030 inch) thick shall be permitted if the tapped
threads have the necessary mechanical strength.

6.4.2.12 A terminal plate may have the metal extruded at the tapped hole so as to give the thickness
necessary for at least two full threads provided that the thickness for the unextruded metal is not less than
the pitch of the thread.

6.4.2.13 If conductors of the next larger size than that described in Table 6.1 can be inserted into main
terminals of a circuit breaker, the terminals shall be capable of securing such larger conductors, unless

marked in accordance with 47.2.7.

6.4.2.14 Prg

6.4.2.13 addifionally shall be capable of withstanding the secureness and pullout tests desc

B, Ref. No. 6

6.4.215 A
acceptable or

6.4.2.16 Us
retighten the
terminal plate

6.4.2.17 For
connector sh
sizes of wire f

6.4.2.18 A dc circuit breaker intended to*have poles connected in series shall have

hardware, bu
requirements
part of the kit.

6.4.2.19 Jur
requirements
kit.

6.4.3 Field wiring-conductors

ssure terminal connectors capable of holding the next larger size wite as

vith the size conductors described in 6.4.2.13 and Table 6.1.

erminal for the connection of conductors other than those specified in Tabl
ly if found appropriate for the particular application.

ng normally available tools such as screwdrivers, pliets or wrenches, it shall
conductor securing means of a wire connector without removal of the conn
or bus or without removal of any conductor from:the connector.

an interchangeable trip circuit breaker frame’rated 100 A or less, a single pre
bll be made available by the circuit breaker manufacturer that properly accq
br which the frame is intended.

b, and the like, either attached at the factory or provided as a kit. The kit shall ¢
of 6.4.2.5. If other thanmormally available building wire is required, it shall 4

npers requiring-building wire to be bent with a radius less than the cold
of Annex B, Ref~No. 27, shall be provided with the circuit breaker or be made

described in
ribed in Annex

e 6.1 shall be

be possible to
ector from the

ssure terminal
mmodates all

all connecting
omply with the
e provided as

bend mandrel
available as a

6.4.3.1 Con
wire size shal

ductors stattmotdiffer by more thamtwo wire sizes fromrthe size Teferredtoim

| not be smaller than 14 AWG (2.1 mm?).

Table 6.1. The

6.4.3.2 Conductors shall consist of wire suitable for the particular application, when considered with
respect to the temperature and voltage and conditions of service to which the wiring is likely to be
subjected.

6.4.3.3 A conductor shall be constructed so as to withstand the stress of normal handling without
damage to itself or to the unit. See 26.10.1.2.

6.4.3.4 Green coloring, with or without one or more yellow stripes, and white or gray coloring shall not be
used for the covering of a conductor unless intended for connection to grounding and grounded circuit
conductors, respectively.
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6.4.3.5 The free length of a wiring conductor shall be at least 152 mm (6 inches).

6.4.3.6 Notwithstanding 6.4.3.5, the free length of a wiring conductor may be less than 152 mm (6
inches) when all of the following conditions are met:

a) The device shall be manufactured with the conductor factory installed as intended for field

installa

tion 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

fion:

public
d) Instn
e) The
6.5 Operatin
6.5.1 A mul

simultaneousl
pole circuit br
outside (ungrg
shall be permi

6.5.2 The h4
when the cont

Lctions for installation shall be provided with the device unless readily apparen

acceptability of the device shall be determined in the end-use equipment.

g mechanism

ipole circuit breaker shall be constructed so that @l poles will mak
baker rated at 125/250 V or less and having two¢operating poles intended f
unded) wires of a 3-wire, dc or single-phase ac system, the automatic tripping

ted to be independent of the other if the indepehdent tripping is indicated. See

Indle of a circuit breaker shall not be capable of being readily left at or near the
bets are closed.

t: and

)

-

and break

when operated manually or automatically in the intended manner; except that in a 2- or 3-

br use on the
of either pole
47.4.6.

OFF position

6.5.3 Singleqpole circuit breakers rated at 120/240 V ac or 125/250 V dc shall have provisipn for the use
of handle ties.|Handle ties, when installed, shall:

a) Operate both circuit breakersswhen either circuit breaker handle is manually operated;

b) Not be readily removable;*and

c) Not pbscure the ampere marking on either circuit breaker.
6.5.4 In Mexico and the United States, circuit breakers of ratings other than those mentfoned in 6.5.3

may have prg
handle tie sha

visions“for handle ties. Handle ties, when installed, shall comply with 6.5,
| operate all circuit breakers when any handle is manually operated.

3, except the

In Canada, this requirement does not apply.

6.5.5 Screws and nuts serving to attach operating parts to movable members shall be staked, upset, or
otherwise locked in position to prevent loosening.

6.5.6 An operating handle of conducting material extending into the housing shall have provision for
connection to an equipment grounding conductor. If the intended enclosure is of metal, this shall be
permitted to be accomplished by having such operating handle of conducting material in electrical
connection with the enclosure. The adequacy of such connection shall be determined by the electrical
continuity test described in 37.1.

6.5.7 The means for operation of a circuit breaker shall be such that the contacts cannot be held in the
closed position under overcurrent conditions — that is, the circuit breaker shall be trip-free from the
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operating handle. The construction shall be such that when the operating handle is held in the ON position
and the circuit breaker is tripped automatically, the contacts will not automatically return to the closed
position.

6.5.8 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 12
and Section 32. Circuit breakers of other ratings shall not have an adjustable inverse time (overload)
response.

6.5.9 Except as specified in 6.5.10, access to the trip mechanism of a circuit breaker or trip unit and

tampering, ch
noted in 6.5.§
the breaking ¢

6.5.10 Aho
tripping of the
diameter. A b
such hole or
circuit breake

potential morg¢ than 42.4 V peak.

6.5.11 A cirg
ac or 125/25
interference W

a) Inse

, shall require dismantling of the circuit breaker, or dismantling or removal)of
f a seal.

e for a rod or wire shall be permitted in the housing of a circuit breaker or trig
circuit breaker. Such holes shall not permit passage of a rod\larger than 3.2
utton, lever, or similar member shall be permitted to be added for the same
feature added shall not contribute to the interference with or change in cal
I, permit blocking of the release mechanism, or permit contact with a live p

uit breaker rated at 100 A or less in conjunction-with a voltage rating of not m
D V dc shall be considered to comply withithe interference aspect of 6.5.9

anging, or interfering with the calibration of the trip mechanism or of a trip_dinit, except as

he trip unit, or

unit to permit
mm (1/8 inch)
purpose. Any
ibration of the
art involving a

pre than 240 V
and 6.5.10, if

ith the automatic operation of the circuit,breaker cannot be accomplished by:

rtion of a 0.8 mm (1/32 inch) diameter’straight rod through any opening in the

case above a

plane nounted in the

intend

12.7 mm (1/2 inch) below the plane of the trim when the circuit breaker is n
ed manner, and

b) Insegrtion of a 2.8 mm (7/64 inch) diameter straight rod through any opening eldewhere in the

case.

6.5.12 Any eans for sealing-shall be such that breaking or removing it will be plainly evi
cloth shall be[permitted to be Used as a seal indicator, but shall not be used as a means fo
together.

dent. Paper or
r holding parts

6.5.13 Ther ¢ shock within

an area as ing

e shallinot be any access, as defined in 6.5.14, to a part involving risk of electr|
icated in 6.5.16:

a) While changing a trip unit in an interchangeable trip unit circuit breaker,
b) While replacing fuses or high-fault protectors in a fused circuit breaker, or

¢) While modifying the response of an adjustable circuit breaker.

6.5.14 With regard to access to live parts through openings in surfaces, a part is considered to be
accessible if it can be contacted 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.

6.5.15 A risk of electric shock is considered to exist if the open circuit voltage between 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.
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6.5.16 The areas referred to in 6.5.13 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
c¢) Points within 51 mm (2 inches) of the periphery of any adjustment knob involved in modifying the
response of a circuit breaker.
6.6 Spacings
6.6.1 General
6.6.1.1 The $pacings of a circuit breaker shall not be less than those indicated in Table/6]|2. "Grounded
Metal" includgs circuit breaker mounting screws and fittings for the connection of @\wiring system. A

"Terminal" inc
accessibility.
insulation shal

udes the terminal proper and associated metal having the same degfee o
Spacings shall be measured between the bare portions of insulated cor
be brought up to the wire connector when space for the wire insulation exists.

f exposure or
ductors. The

1 An isolated deg
between an unin
dimension of the

2 In measuring a
material shall be

Table 6.2
Minimum Spacings in millimeters
At terminals Other than at terminals
Between
Between terminals uninsulated live
Voltage Between terminals | and any grounded | Parts.of opposite Between uninsulated live|parts and any
betw:en of opposite polarity metal® polarity® ground metal?
parts
A B (o] D¢ E¢
Through Over Through Over Through Over Through Over Through Over
air surface air sufface air surface air surface air surface
0-130 12.7 19.1 12.7 12.7 6.4 9.5 12.7 12.7 6.4 9.5
131 -300 19.1 31.8 12.7 12.7 6.4 9.5 12.7 12.7 6.4 9.5
301 -1000° 25.4 50.8 12.7 254 9.5 12.7 12.7 25.4 9p 12.7
NOTES:

d metal part (suchvas a screw head or a washer) interposed between uninsulated live parts of opp|
ulated live part.and a grounded dead metal part is considered to reduce the spacing by an amoun

linterposed part along the path of measurement.

h over surface spacing, any slot, groove, or the like, 0.33 mm (0.013 inch) wide or less in the conto
Hisregarded.

psite polarity or
I equal to the

ur of insulating

disregarded, and

3 In measuring spacings, an air spacing of 0.33 mm (0.013 inch) or less between a live part and an insulating surface shall be

the live part considered in contact with the insulating material.

less than 0.8 mm

€ Or 1500 Vdc.

@ The spacing to the enclosure or mounting means shall be permitted to be reduced if an acceptable liner of insulating material, not

(1/32 inch) thick, is used to provide the required spacing through air.

® Not applicable for spacings between parts of opposite polarity on a control circuit printed wiring board with conformal coating. See
Table 6.3 and Printed Circuit and Wiring Board Assembly, 6.6.2.

¢ If indentation or deformation of the overall enclosure or circuit breaker mounting means could reduce spacings to less than those
indicated in Column E.

9 If indentation or deformation of the overall enclosure or circuit breaker mounting means would not affect spacings.

mm 0.8 6.4 9.5 12.7 191 254 31.8 50

.8

(

inches)  (1/32) (1/4) (3/8) (112) (3/4) 1) (1-1/4)

()
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6.6.1.2 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.

6.6.1.3 Except as indicated in 6.6.1.4, a pressure terminal connector shall be provided with a positive
restraint, such as a shoulder or boss, to restrict turning that would reduce spacings to values less than
those required. A lock washer alone is not acceptable for this purpose.

6.6.1.4 Means to prevent turning as indicated in 6.6.1.3 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 turned 30° toward
the other, and

b) thn the connector has been turned 30° toward other opposite polarity live’p
ed dead metal parts.

groun

6.6.1.5 The
conductors o
47.2.9). Type
sizes larger th
smaller. For ¢
wire of the prg

6.6.1.6 Excgpt as noted in 6.6.1.7 and 6.6.1.11, an insulating barrier or liner used as the §

between unin
uninsulated li
uninsulated li

6.6.1.7 Fibe
separation be
circuit condug

6.6.1.8 A bg
inch) thick ex
6.6.1.9 If the

6.6.1.10 A {
through-air s

spacings of a circuit breaker shall be measured with the circuit break
the size shown in Table 6.1, as appropriate for temperature rating(s) of
TW wire is to be used for sizes 8 AWG (8.4 mm?) and smaller;"Type THW, T
an 8 AWG (8.4 mm?). Solid conductors are to be used for-wire sizes 10 AWG
rcuit breakers acceptable for use with both copper and.aliminum conductors
per size for the ampere rating are to be evaluated.

sulated live parts and grounded dead metal ‘parts (including the enclosur
Ve parts of opposite polarity, shall be of :@\material which is acceptable for th
e parts and not less than 0.71 mm (0.028 inch) thick.

I not less than 0.71 mm (0.028, inch) thick shall be permitted to be use
tween the enclosure and anuninsulated metal part electrically connected
tor.

rrier or liner used in.conjunction with an air space shall not be less than 0.
ept as noted in 6:6.1.10 and 6.6.1.11.

arrier~or/liner used in conjunction with an air space of one-half or more d
acing shall be permitted to have a thickness of not less than 0.33 mm (0.013

arts or toward

er wired with
he wires (see
V75 or TW for
(5.3 mm?) and
. both types of

ole separation
b) or between
e mounting of

d as the sole
0 a grounded

71 mm (0.028

barrier indicated in 6.6.1.8 is of fiber, the air space shall not be less than 0.8 npm (1/32 inch).

f the required
nch), see also

6.6.1.12, ifiti

k-
D.

a) Of material acceptable for supporting uninsulated live parts;

b) Of adequate strength if exposed or otherwise likely to be subjected to damage;

c) Sec

urely held in place; and

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

6.6.1.11

Insulating material having a thickness less than that indicated in 6.6.1.6, 6.6.1.8 and 6.6.1.10

shall be permitted to be used if tested and found acceptable as indicated in 26.10.2 and the mechanical
strength and flammability is acceptable for the particular application.

6.6.1.12 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
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Section 43. A clamped joint is a joint between two pieces of insulation that are under pressure as shown in
Figure 6.1. 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 Section 43 is only applicable for those
areas where spacings are covered by Table 6.2. The acceptability of other spacings such as internal
breaker spacings is demonstrated by successfully passing the test program.

Figure 6.1
Clamped Joint

SB1157

Parts A, B — Live parts of opposite polarity, or a live part and a.grounded metal part with spacing through the crack petween C and D
less than required|in Table 6.2.

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

Part E — The clamped joint.

6.6.1.13 The spacing between ‘uninsulated live parts of different circuits (such as betwegen shunt trip
release and piimary circuits) shall not be less than that required for the circuit of the higher vgltage.

6.6.1.14 Livg screw;heads or nuts on the underside of a case intended for surface mounting shall be
suitably insulgted orisolated from the enclosure or from a grounded metal mounting-plate|in one of the
following wayqg:

a) Spaced according to Table 6.2 and reliably prevented from turning or loosening by staking,
upsetting, or other equivalent means;

b) Countersunk not less than 3.2 mm (0.125 inch) below the surface of the case; prevented, as in
Item (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 6.2 spacing will be maintained; or

¢) 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.
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6.6.2 Printed circuit and wiring board assembly

6.6.2.1 The spacings on a printed wiring board assembly shall be permitted to be less than indicated in
Table 6.2 if a conformal coating and spacings are utilized in compliance with the requirements described in
Table 6.3. The coated printed wiring assembly shall comply with the requirements for conformal coatings
described in 26.10.3. A coating shall not be required if the voltage is 50 V or less and the board is located
so that it is not readily subject to contamination by dust.

Minimum Opposite Polarity Spacings on P-l!-iitt)leed?\.l\:;iring Assemblies with Conformal Coatings
Minimum spacihgs
Voltage [between parts Power available mm (Inch)
) - 600 Unlimited 0.8 (1/32)
601 - 1000 Unlimited 1.6 (1/16)
1001 - 1500° Unlimited 24 (1/8)
0-30 Limited® 0 (1/64)
NOTE: Minimurp spacing between live parts of opposite polarity. Spacing between live parts and dead metal shallicomply with
Table 6.2.
2See 6.6.3.1 arld 6.6.3.6.
® Volts de.
6.6.2.2 As an alternative to the measurement method specified in 6.6.2.1, the minimum acceptable

clearances (t
board assem
Annex B, Ref

6.6.2.3 Whsg

board assembly within a circuit breaker is'considered to be:

a) Poll
b) Poll

c) Poll
Annex

hrough air spacings) and creepage distances (over surface spacings) for a

No. 9.

n applying the requirementsS,in Annex B, Ref. No. 9, the environment for a

ution degree 3 for aniassembly without a conformal coating;
ution degree 2 for an assembly with a conformal coating; or

ution degree 1 for an assembly with a conformal coating complying with the r¢
B, Ref.\No. 9.

6.6.2.4 For

printed wiring

bly may be evaluated as specified in6.6.2.3 — 6.6.2.5 using the applicable requirements in

printed wiring

bquirements in

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.

6.6.2.5 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.

6.6.3 Class 2 circuits

6.6.3.1 Minimum electrical spacings for Class 2 circuits that comply with Table 6.5 shall be as described
in 6.6.3.2 —6.6.3.5.
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6.6.3.2 Minimum electrical spacings between multiple Class 2 circuits shall be as shown in Table 6.4.

6.6.3.3 Minimum electrical spacings between parts of a power circuit and parts of a Class 2 circuit at

locations othe

r than terminals shall be as shown in Table 6.5.

6.6.3.4 Minimum electrical spacings between terminals of a power circuit and terminals of a Class 2
circuit shall be as shown in Column B of Table 6.2.

6.6.3.5 In order to comply with the spacings in Table 6.4 and Table 6.5:

a) Uninsulated live parts shall be secured against movement.

b) Insma €d conductors shall be protected from contact with live parts or secured to meet the

spacing required.

c)Ifa
except

material is:

parrier is used as allowed in Table 6.5, it shall not be less than 0.7} mm (0.0
that it shall be permitted to have a thickness of not less than 0.33ymm (0.01

1) Of material acceptable 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

service.

Table 6.4
Class.2 Circuit Spacings

28 inch) thick
3 inch), if the

equipment in

Minimum spacings, mm (inch)

Through air and over surface Between 2 or more Class 2 insulated conductors
— insulation on all conductorg rated for
At terminals At other than terminals maximum voltage
3.2(1/8) 1.6 (1/16) No minimum requiremgnt
Table 6.5
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 conductors with insulation
Separating barrier or one insulated on each conductor rated for the conductor
No insulation conductor with insulation rated for circuit voltage
maximum voltage
6.4 (1/4) 1.6 (1/16) No minimum requirement

6.6.3.6 A low-voltage, limited energy Class 2 circuit is a circuit supplied from an isolated secondary
winding of a transformer where the open circuit secondary voltage does not exceed 30 V rms or 42.4 V
peak. The transformer shall comply with one of the following:

a) The transformer complies with the construction and test requirements in Annex B, Ref. No. 10;
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b) The transformer has an inherent winding impedance which will limit the secondary short circuit
current to 8 A at one minute; or

c) The VA output capacity of the secondary winding is 250 VA or less, and an overcurrent
protective device is connected in the secondary circuit rated at: 5 A or less for voltages up to and
including 20 V rms; or 100/Vmax for voltages over 20 V rms, up to and including 30 V rms. Vmax is
the maximum output voltage regardless of load with rated input applied.

6.6.3.7 With regard to the requirement in 6.6.3.6, a fixed series impedance in the secondary circuit shall
be permitted to be used to limit the output of the transformer and, in such case, the secondary winding of
the transformer and the fixed series impedance shall be investigated as part of the line-voltage circuit. The
maximum output capacity of the secondary circuit shall be determined as described in the power level

o 40 4

determinationrtestof-26-46=4-

6.6.3.8 An gvercurrent-protective device as indicated in 6.6.3.6(c) shall:
a) Not|be of an automatically reset type;
b) Be frip-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 devicg.
7 Current-Limiting Circuit Breakers

7.1 Current{imiting circuit breakers shall comply with the construction requirements in All Types, Section
6.

8 Instantangous-Trip Circuit Breakers
8.1 This sedtion covers additional requirements for instantaneous-trip circuit breakers.

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

8.3 An adjustable setting means of an instantaneous-trip circuit breaker that is accgssible without
opening a dodr or removing @ cover shall be constructed so that a stop to limit the maximym setting may
be installed.

9 Circuit Brieaker-and Ground-Fault Circuit-Interrupters

9.1 Genera

9.1.1 This section covers additional requirements for circuit breakers and ground-fault circuit-interrupters
that provide overcurrent protection and personnel protection against risk of electric shock as required by
the National Installation Codes in Annex B, Ref. No. 1. These devices are rated Class A, single-pole, 120
V ac and/or 127 V ac, 60 Hz, 2-pole, 120/240 V ac, 60 Hz, and 3-pole, 208Y/120 V ac and/or 220Y/127 V
ac, 60 Hz.

9.1.2 The ground-fault circuit-interrupter portion shall comply with the construction requirements in
Annex B, Ref. No. 11 and Section 9 of this Standard, except that printed wiring board spacings may be
evaluated in accordance with 6.6.2.2 — 6.6.2.5.
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9.2 Supervisory circuit

9.21

If a 2-pole, 120/240 V ac, or 3-pole, 208Y/120 V ac and/or 220Y/127 V ac circuit breaker

mechanism is a common-trip type, the supervisory circuit need only be provided from one ungrounded
pole. If a 2-pole or 3-pole circuit breaker mechanism is not a common-trip type, the need for more than one
supervisory circuit shall be evaluated.

10 Circuit Breakers with Equipment Ground-Fault Protection

10.1

protection that provide overcurrent protection and ground-fault protection of equipment.

This section covers additional requirements for circuit breakers with equipment ground-fault

10.2 A multi
provide grour
energized.

11 Integrally

11.1  This se
fused high-fau
comply with th

11.2 An intg
protectors or f
breaker ON.

11.3 An inte
through, from
the circuit bred

11.4 Spacing
B.

11.5 Spacing
Columns C,D

116 Iftwoo
are provided f

bole device that receives operating power from the circuit to which it is<eo
d-fault protection with one or more ungrounded line terminals of the/c

Fused Circuit Breakers, High-Fault Protectors, and High-Fault Modules

ction covers additional requirements for fused circuit breakers, high-fault p
t modules. High-fault modules without provisions for fuses-or high-fault protec
e construction requirements of Section 6 and 11.4 — 41\ 7.

grally fused circuit breaker shall automatically trip when the cover over
Lises, or their container, if separate, is remoyed if the cover can be removed V

prally fused circuit breaker shall autematically trip by signal, other than ma
fuses or high-fault protectors upon the clearing of one or more fuses or prot
ker is marked in accordance with'52.4.

s at the load terminals of a“high-fault protector shall comply with Table 6.2, C

s at other than the load terminals of a high-fault module shall comply w
and E.

more-high-fault protectors or high-fault modules having different let-through ¢
pr different ranges of ratings within a frame size, the construction shall be i

nnected shall
rcuit breaker

otectors, and

ors need only

the high-fault
vith the circuit

n current let-
bctors, unless

blumns A and

th Table 6.2,

haracteristics
nvestigated in

accordance w

th.31.4, unless a rejection means is provided to prevent the installation of a piotector in any

lower rated circuit breaker where it is not intended.

11.7

If two or more high-fault protectors or high-fault modules are provided for different ranges of ratings

within a frame size, the combination shall be investigated in accordance with 31.4, unless a rejection
means is provided to prevent the installation of a protector to any lower rated circuit breaker where it is not
intended.

11.8 Except as indicated in 11.9, a high-fault protector or high-fault module casing shall be of ceramic,
melamine impregnated glass fiber, or the equivalent.

11.9 Materials other than those specified in 11.8 shall be permitted if they are determined to be
acceptable for the application.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 489 2025.pdf

MARCH 7, 2025

NMX-J-266-ANCE-2025 ¢ CSA C22.2 No. 5:25 ¢ UL 489

37

11.10 Among the factors taken into consideration during an investigation, as indicated in 11.9, are the

following prop

erties of a material:

a) Physical strength;

b) Res

istance to impact;

c) Moisture-absorptive properties;

d) Combustibility; and

e) Resistance to distortion at temperatures to which the casing may be subjected under conditions
of normal or abnormal use.

All of these fa

11.11
permanent el
otherwise be

11.12 An ad
secure togeth

11.13 To de
fault protector
the circuit bre

performs acc¢ptably during the interrupting tests with the 'adhesive omitted.

12 Adjustable Circuit Breakers

12.1 This s6

12.2 As con

12.3 and 12.4

12.3 Thecu
rated current

12.4 A Type]

Conngctions between the link and the terminals of a high-fault protector shall b

Ctors shall be considered with regard to thermal aging.

pctrical connection is provided. The connection shall be soldered,brazed, or w
made permanently and adequately secure.

hesive used in a high-fault protector or high-fault module shall adequatel
er the parts that it is intended to secure.

ermine whether the adhesive complies with thesrequirement in 11.12, sampl
or high-fault module shall be subjected to appropriate interrupting tests, in co
pker after conditioning. Conditioning tests efi-the adhesive shall not be requirg

ction covers additional requirements for adjustable circuit breakers.

cerns the current setting, these circuit breakers are classed as either Type A ¢

frent setting (I,).0f a Type A circuit breaker shall not be adjustable to a value g
I,) of the gircuit breaker.

B cireuit breaker shall be restricted so that the current setting (1), once fixed

e such that a
elded, or shall

y and reliably

bs of the high-
mbination with
d if the device

r Type B. See

reater than the

at a particular

value, cannot

be‘changed to one higher, except by the addition or substitution of a part req

uiring use of a

tool.

12.5 For a Type A circuit breaker, the current setting (l;) shall be that which can be inferred from the
device's settings, markings, or instruction literature. For a Type B circuit breaker, the current setting shall

be that of the

marking.

12.6 Circuit breakers may be provided with an energy-reducing maintenance setting that reduces the
overall trip time over a predetermined current level.

12.7 The energy-reducing maintenance setting referenced in 12.6 may be enabled by means of a control
on the circuit breaker or by means of an external control connection to the circuit breaker.
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12.8 A circuit breaker that includes an energy-reducing maintenance setting shall be provided with an
indicator on the circuit breaker, such as an LED, indicating lamp or electronic status display, to indicate
that the setting is enabled.

13 Heating, Air Conditioning, and Refrigeration (HACR) Circuit Breakers

13.1 Heating, air conditioning, and refrigeration (HACR) circuit breakers shall comply with the
construction requirements in All Types, Section 6.

14 Remotely-Operated Circuit Breakers

14.1 This section covers additional requirements for remaotely-operated circuit breakers

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

14.3 In a 2-pple remotely-operated circuit breaker, the remotely controlled operation shall be permitted to
operate only ohe pole.

15 Switching Duty (SWD) Rated Circuit Breakers

15.1  Switching duty (SWD) rated circuit breakers shall comply with the construction requifements in All
Types, Section 6.

16 400 Hz Rpted Circuit Breakers

16.1 Circuit breakers rated 400 Hz shall complywith the construction requirements in All Tlypes, Section
6.

17 Draw-Ouf Circuit Breakers

17.1 This segtion covers additionakrequirements for draw-out circuit breakers.

17.2 The coffiguration of the-grounding means between a metal part of a draw-out type ¢ircuit breaker
intended to bg groundedand any permanently grounded part shall be such that grounding continuity is
established 3.2 mm (4/8.inch) before either primary or secondary disconnects of the dray-out unit are
energized; andl alsa_.be-maintained until both primary and secondary disconnects have been|de-energized
by at least 3.2|mm\(1/8 inch). See the electrical continuity test described in 37.1.

17.3 Draw-out circuit breakers shall be equipped with self-coupling disconnecting devices.

17.4 Interlocks shall be provided:

a) To prevent moving the circuit breaker to or from the connected position when the circuit breaker
is in the closed position; and

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 37.2.

17.5 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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18 Series-Connected Circuit Breakers

18.1
Section 6.

19

19.1

Interchangeable-Trip Circuit Breakers

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

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

19.2 A circuit breaker having a frame size of 100 A or less in conjunction with a voltage rating of not more

than 240 Vac

or 125/250 V dc, shall not have an interchangeable trip unit.

19.3 Acircu
more than 24
or 125/250 V
unit for use in
have a rating
clearly marke

19.4 Aninte
of the frame.

19.5 Anintg
breaking a se

19.6 An inte
breaker hous
surface.

19.7 An intg
(circuit open)

20 High-Int

20.1 High-in
in All Types, §

21 CircuitB

t breaker having a frame size of more than 100 A in conjunction with a voliag
D V ac or 125/250 V dc, and any circuit breaker having a voltage rating greater
dc, shall be permitted to have interchangeable trip units; except that an.interc
a circuit breaker having a voltage rating of not more than 240 V ac¢ 0r125/250
of less than 50 A. In any case, an interchangeable trip unit rated at 50 A o
 in accordance with 60.5.

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

rchangeable trip unit shall not be adjustable beyond the limitations imposed b
bl or a permanent fastening.

rchangeable trip unit circuit breaker shall not have any parts that will fall oy
ng when its cover is removed with the circuit breaker mounted in any positio

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

bnsity-Discharge-(HID) Type Circuit Breakers

tensity-discharge (HID) type circuit breakers shall comply with the constructior
ection 6,

reakers for Use with 16 or 18 AWG Wire

e rating of not
than 240 V ac
hangeable trip
V dc shall not
I less shall be

han the rating

y 6.5.8 without

t of the circuit
h on a vertical

nonfunctional

requirements

211

All Types, Section 6.

22 4-Pole Circuit Breakers

221

Circuit breakers for use with 16 or 18 AWG wire shall comply with the construction requirements in

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 with overcurrent protection of any value between 0 through 100

percent of the

other poles, inclusive. See 26.1.18,42.1 —42.3, and 64.1.

23 Circuit Breakers and Surge Protective Devices

23.1
Types, Sectio
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24 Special Purpose Not for General Use Circuit Breakers

241 Special purpose not for general use circuit breakers shall comply with the construction
requirements in All Types, Section 6, except the type or construction of the terminals are such the circuit
breaker can only be used in specific equipment applications and is not suitable for general installation in
accordance with Annex B, Ref. No. 1.

25 Circuit Breakers with Electronic Trip Units
25.1 Circuit breakers with an electronic trip unit shall be provided with thermal memory and comply with

the requirements in 26.2.6. The thermal memory may be defeated or turned off for manufacturing and
validation purposes.

TESTS
26 Standard Circuit Breakers
26.1 General

26.1.1 The performance of a circuit breaker construction shall “be investigated By subjecting
representative] sets to the test program indicated in Table 26.2. At )the option of the manufacturer, Test
Sequences XY, and Z may be combined for all frame sizes. WWhen combining X-Y-Z Sequiences or Y-Z
Sequences, the Interrupting Test in the Y Sequence may be omitted.

26.1.2 Samples shall be selected based on Table 26. 1

Table 26.1
Sets of Samples
Samples per set?
Test sequence®
Ampere rating of frame Interchangeable trip unit X or X-Y-Z YorZorY-Z
0-2p5 No 3or4° 3 qr4°
0-2b5 Yes 3 frames, 3 trip units 3 frames,|3 trip units
226 — {00 No 3d D
226 — k00 Yes 2 frames, 3 trip units 2 frames,|2 trip units
401 - 1600 No 3° 1
401 — 1600 Yes 1 frame, 3 trip units 1 frame, 1 trip unit
1601 and higher No 1 1
1601 and higher Yes 1 frame, 1 trip unit 1 frame, 1 trip unit

@ If a circuit breaker is not marked "line" and "load", one sample shall be tested with reversed line and load connections or an
additional sample of each test set shall be provided. When only one sample constitutes a test set for operating tests, a second
sample is required for reversed line-load connection tests. For reversed line-load connections, see 26.1.25.

P One set per test sequence or combination of test sequences.
¢See 26.1.5and 26.1.19.
4See 26.1.7 and 26.2.1.2.
€ See 26.1.7 and 26.2.1.3.
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Table 26.2
Test Sequences

Fully magnetic and solid-state trip®
and non-ambient compensated Ambient compensated
Circuit-breaker type breakers" rated 25 °C or 40 °C¢®¢ breakers
Sequence Sequence
Test Clause X Y 4 X Y 4
1. 200 percent calibration at 25 °C 26.2.2 X X X X X X
(77 °F)
2. 135 percent calibration at 25 °C 26.2.3 X X X
(77 °F)
3. 200 pefcent calibration at 40 °C 26.2.2 X
(104 °F
4. 135 peifcent calibration at 40 °C 26.2.3 X
(104 °F
5. Calibration of adjustable 26.2.5 X X
instantgneous trip
6. Overlodd 26.3 X X
7. 100 percent calibration at 40 °C 26.2.4, X X
(104 °F)>*9 26.4
8. Tempefature and 100 percent 26.2.4, X X
calibratjon at 25 °C (77 °F) 26.4
9. Endurahce 26.5 X X
10. 200 pefcent calibration at 25 °C 26.6 X X
(77 °F)
1. 135 peflcent calibration at 25 °C 26.6 X X
(77 °F)
12. 135 pefcent calibration at 40 °C 26.6 X
(104 °F)"
13. Interrugting 2627 Xi Xi Ki Xi
14. 200 pefcent trip-out at 25 °C 26.8 X X X X
(77 °F)
15. Dielectfic voltage-withstand 26.9 X X X X X X
X —indicates te$t required.
NOTE: For circyit breakers.rated ac/dc, see 26.1.8 — 26.1.13.
@ Circuit breakefs whoseatitomatic operation does not depend on the heating effect of current.
b Circuit breakefs whose automatic operation depends on the heating effect of current and are affected by changep in ambient
temperature.

¢ If a circuit breaker operates such that it will not carry rated current at 40 °C (104 °F), it may, at the option of the manufacturer, be
tested and rated as a 25 °C (77 °F) circuit breaker.

9 If a circuit breaker includes any thermal compensation in its tripping mechanism, and if the manufacturer desires to have the
circuit breaker marked "40 °C", it shall be subjected to the tests for an ambient compensated breaker.

¢ This test may be performed after the temperature and 100 percent calibration tests at 25 °C (77 °F).

f Applies only to circuit breakers rated 40 °C (104 °F).

9 For a non-ambient compensated circuit breaker rated 40 °C (104 °F), the test may be combined with the temperature test if the
ambient temperature is 40 °C during the temperature test.

" May be omitted if the tripping time at 135 percent of rated current in a 25 °C (77 °F) ambient after the endurance test is no more
than it was before the endurance test.

" Test current shall be in accordance with Table 26.13 and operations shall be O-t-CO, where t is minimum of 2 minutes, maximum
of 1 hour.

i Test current shall be in accordance with Table 26.12 and operations shall be in accordance with Table 26.10.

kK May be omitted for solid-state trip breakers having a frame size of 226 A or greater.
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26.1.3 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.

26.1.4 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 regq

b) The
"Off“ po

c) The
mecha

No other phys
that required t

26.1.5 Thee
shall include t
or more intern
a partial test p

26.1.6 Forci
rating represe
identical exce
the high avalil
ampere rating
fault current te

26.1.7 Thei
testing of sets
minimum ratin
instantaneous
extensive test

H (e Tl n &
Uircyu U CUTTIPITIT U1T IEol STUUTTILT.

first cycle of operation is counted from when the breaker mechanism can’b
sition. Each operation to the "on" and "off" position shall constitute one cycle.

hism used during the test such as a motor operator, or other exterior handle op

ical movement, contact, or other conditioning of the breaker shall be permitts
b complete the test sequence.

valuation of a circuit breaker of a frame size of 225 A or less of a specific pol

ediate ratings may be additionally required\to be subjected to the complete te
rogram depending on construction differences.

Fcuit breaker ratings with ratings of 45 A and below, the full evaluation shall ing
hting the minimum rating. Where the construction of the 15 A and the low
bt for the bimetal, the evaluation of the lowest rating shall be limited to the Z

of each construction break shall also be evaluated to the Z sequence and the
St.

hvestigation of a“circuit breaker of frame size more than 225 A usually requ
of the maximum rating only, unless basic construction differences are presen
g shall be‘subjected to 200, 135, and 100 percent calibration and, where ap
trip -ealibration, whenever such tests are not required on this rating as p
program. If the frame size includes ampere ratings of 125 A or less, but more t

e reset to the

manual operation of the mechanism may be applied to the handle or other operating

erator.

bd, other than

b construction

ne testing of sets of samples of the maximum and minimum ratings. Sets of samples of one

st program or

lude the 15 A
br ratings are
equence, and

bble fault current test if;applicable. Where the constructions are not identical, the largest

high available

ires complete
t. A set of the
blicable to the
art of a more
han 30 A, that

are to be m

ked for use with 758 °C (167 °F) wire mfinge shall he selected for the

verload and

temperature tests based on the use of 75 °C (167 °F) wire. In selecting the rating(s) for test, consideration
shall be given to the relative heat dissipating effect of the 60 °C (140 °F) versus 75 °C (167 °F) wire size
for the particular ampere rating.

26.1.8 If the marked rating of a circuit breaker includes both alternating and direct current, 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 26.2. To verify
the dc rating, it will ordinarily be necessary only to additionally subject a previously untested sample 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 convenient;
b) Overload, endurance, and interrupting tests with dc; and

c) Dielectric voltage withstand tests with ac.
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26.1.9 Each pole of a multipole dc circuit breaker shall be tested individually unless marked in
accordance with 47.4.8 and investigated in accordance with 26.1.10 — 26.1.13.

26.1.10 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 71.2.

26.1.11 Notwithstanding 26.1.25, 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.

26.1.12 Multipole dc circuit breakers marked for more than one wiring configuration shall be subjected to
a sufficient number of tests to represent all configurations. Examples:

a) For hall represent

config

interrupting tests, a configuration with the least number of poles energized s
irations with more poles energized.

b) For
config

temperature tests, a configuration with the most number of poles”energized shall represent

Lrations with a fewer number of poles energized.

c) Cal least number

of pold

bration tests shall be conducted on the configurations/with' both the most ang
s energized.

26.1.13 For
system havin
to the negativ

d for use on a
hce connected

the endurance, overload, and interrupting tests;~a dc circuit breaker intende
) one conductor grounded shall be tested with the enclosure or mounting surf
b conductor through a fuse as described in26.1.27.

26114 Ac
passing the 1
the other test

rcuit breaker having an instantaneeus response as indicated in 6.5.8 shall |be capable of
[00-percent calibration test with the instantaneous response set at its minimum setting, and
5 with the instantaneous response set at its maximum setting, except as noted in Adjustable

instantaneous trip calibration test, 26.2.5, note b of Table 26.4 and note a of Table 26.12.
26.1.15 Forftests made with ac, a circuit having the rated frequency of the circuit breaker shall be used. If
the specified frequency is in the-range of 50 to 60 Hz, or if no frequency is indicated, a 48 - 62 Hz circuit

shall be used
Circuit Breake

26.1.16 Sep
circuit breake

If the specifiedfrequency is 400 Hz, a 380 — 420 Hz circuit shall be used. See
rs, Section 36 for testing 400 Hz rated circuit breakers.

arately‘operable circuit breakers in a common base shall not be considere
s but'shall be treated throughout as individual circuit breakers. When a 2-pole

400 Hz Rated

H as multipole
circuit breaker
e treated as a

consists of pg

les‘constructed so as to trip independently, not common trip, each pole shall &

single pole circuitbreakerduring thecatibrationm tests:
26.1.17 Separately-operable single-pole circuit breakers shall be treated as individual circuit breakers
even though they may have a common housing.

26.1.18 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.

26.1.19 If a single-pole circuit breaker is rated at 120/240 V ac or 125/250 V dc, see 6.5.3, 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.
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26.1.20 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.

26.1.21 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.

26.1.22 At the conclusion of any test sequence, there shall be no malfunction of functional parts of the
circuit breaker as determined by successful completion of the tests required for a specific sequence. It
shall not be necessary to open test samples to perform a visual inspection to determine compliance.

26.1.23 Whs
circuit breaker

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

hpplied to the

26.1.24 A 2-
3-phase, corn
and endurancg tests and both single and 3-phase circuits during the interrupting test. See 47

pole common trip circuit breaker that has an additional marking to indicate accgptability on a
er-grounded, delta circuit shall be caused to control 3-phase test circuits during the overload
1.21.

ed "line" and
line and load
tional sample
ectric voltage-

26.1.25 Excgpt for single-pole circuit breakers tested singly, if a cireuit-breaker is not mar
"load", one sample of each set tested, or one additional sample, shall\be connected with thg
connections rgversed during the overload, endurance, and interfupting tests. When an add
is used, it shajl be subjected to the initial 200-percent calibration, the trip-out, and the dielg
withstand tests.

ted within the
ance test, an
ess there are

26.1.26 Inth
smallest metad
enclosure sha

e overload, endurance, and interrupting\tests, a circuit breaker shall be moun
| enclosure that will be used in agtual service; except that for the endur
[l not be required if the vertical surface on which it is mounted is metal, unl

features whicH
door or cover
of the enclost
Standard for (

would affect the performance ef.the circuit breaker if not mounted within an €
and any other openings including used and unused openings shall be closed

re by means of tape. Hewever, any ventilating openings specified and per|
ircuit breakers rated 400-A or more, see 47.1.20, need not be closed. If the

nclosure. The
bn the outside
Mmitted by this

inside of the

re in areas of
sure shall be
47.1.19.

enclosure is painted, the paint shallbe scraped off on the inside surface of the metal enclosy
the vents of the circuit breaker_and where an arc is likely to strike. A nonconducting enclg
used if the cirdquit breakers are_marked as precluding use in a metal enclosure as required by

26.1.27 In the overload; endurance, and interrupting tests, a fuse acceptable for branch cir
shall be conngcted.between the enclosure or mounting surface, see 26.1.26, and one line
over as indicaled.in 26.11.4.1.14 and Figure 26.1, Figure 26.6 and Figure 26.7, 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.

Cuit protection
0 indicate arc
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Figure 26.1

Overload Test Connection Diagrams
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A —1-Pole
B, C — 1-Pole "Tepted in Pairs".(also represents 2-Pole independent-trip type circuit breaker)
D — 2-Pole Common-Trip "stant" (120/240, 125/250 V) Rating

E — 2-Pole Comnjon-Trip-Rating other than D

F —3-Pole

|

G — 3-Pole wye-connected system ratings

H — 2-Pole Common-Trip for 3-Phase Rating
| — 4-Pole wye-connected system ratings

N — Neutral

Z — Load Impedance

f— 30 A "ground" Fuse — Enclosure

Copyright Underwriters Laboratories Inc.



https://ulnorm.com/api/?name=UL 489 2025.pdf

46 NMX-J-266-ANCE-2025 ¢ CSA C22.2 No. 5:25 ¢+ UL 489 MARCH 7, 2025

26.1.28 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.

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

a) Annex G — Marine Circuit Breakers (Not for Canada): Circuit breakers intended for marine use in
accordance W|th USCG EIectrlcaI Systems regulatlons subchapters 33 CFR, Part 183 and USCG
with Sections

as revised by

Annex

c) Annex | — UPS Circuit Breakers: Circuit breakers intended far use with uninterruptible power
suppligs (UPS) shall comply with Sections 26 — 45 except as revised by Annex .

d) Annex J — Classified Circuit Breakers (US only): Circuitybreakers intended for use| as alternates
for spegified circuit breakers for use with specified panelboards shall comply with Se¢tions 26 — 45
exceptlas revised by Annex J.

e) Annlex K — Electronic Trip Circuit Breakers: “Electronic trip circuit breakers provided with
prografnmable components for overcurrent protection, trip settings, current ratings| and the like,
other than those circuit breakers covered inSection 29 or Section 30, shall additionally comply with
Annex

f) Anngxes L and M — Electronie Trip Circuit Breakers: Circuit breaker trip unjts employing
electrohic circuit components shall additionally comply with the applicable EMC refjuirements of
Annexgs L and M.

Overlogd Protection Circuit breakers shall comply with Sections 26 — 45 except as revised by

26.2.1 Genekal

26.2.1.1 To determine if a multipole circuit breaker complies with the requirements of 26.2.2 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 26.2.3 and 26.2.4, all poles shall be loaded equally, except as
indicated in 26.1.17.

26.2.1.2 To determine if a circuit breaker rated 226 — 400 A complies with the requirements of 26.2.2 and
26.2.3, 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 trip unit shall constitute a set for the 200- and 135-
percent initial calibration tests at 25 °C (77 °F). The two trip units having the shortest tripping time during
the 135-percent calibration test at 25 °C (77 °F) and two frames shall be used for the remainder of the test
sequence. For the Y and Z Sequences, two samples of the frame and two samples of the trip unit shall
constitute a set. For the X Sequence, if noninterchangeable trip units are involved, three samples shall
constitute a set for the 200- and 135-percent tests. The two samples having the shortest tripping time
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during the 135-percent calibration test at 25 °C (77 °F) shall be used for the remainder of the test
sequence. For the Y and Z Sequences, two samples shall constitute a set. If X-Y-Z Sequences are
combined, the procedure described for the X Sequence shall be followed.

26.2.1.3 To determine if a circuit breaker rated 401 — 1600 A complies with the requirements of 26.2.2
and 26.2.3, 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 trip unit shall constitute a set for 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 one frame shall be used for the remainder of the test
sequence. For the Y and Z Sequences, one frame and one trip unit shall constitute a set. For the X
Sequence, if noninterchangeable trip units are involved, three samples shall constitute a set for the 200-
and 135-percent tests. The sample having the shortest tripping time during the 135-percent calibration test

at 25 °C (77

noninterchangeable trip units are involved, one sample shall constitute a set. If the X-Y=Z-§

combined, the

26.2.1.4 Ca
into considers
specifically m
subjected to
other than in
appropriate.

26.2.1.5 No
times are ess

26.2.1.6 The¢ conductors specified in 26.1.21 shallt-be of the size indicated in Table 6.1 an

1.219 m (4 f4
100 A or less
than 30 A but
indicated by t
60/75 °C (14(
be clearly det

26.21.7 Ca
at 25 +3 °C

conducted wi
compensated
temperature

shall be used 1or the remainder o e [esl sequence. For the Y an

procedure described for the X Sequence shall be followed.

ibration tests of a circuit breaker may be made at any voltage, using either a

arked for either dc or ac shall be subjected to the 100-percent test with a
he 135- and 200-percent test with dc. A circuit breaker rated only for a spe
the range of 50/60 Hz, or dc, shall be tested at thé srated frequency, or d

withstanding 26.2.1.4, if it can be shown by comparison tests that the ac and
bntially the same, then either an ac or dc curfent source may be used.

et) in length, except that an accommodating fixture may be used for circuit
For a circuit breaker or a circuit breaker frame with an interchangeable trip U
not more than 125 A, the wire size shall be based on the temperature rating
ne marking on the circuit breaker or trip unit. Where a dual wire temperature ra
/167 °F), the test shall be/conducted with both size wires or the most advers
brmined.

ibration tests of a Circuit breaker shall be conducted with the temperature of t
77 5 °F), except that the 100-percent calibration test required at 40 °C (10
th the temperature of the ambient air at 40 £3 °C (104 5 °F). In additio
circuit\breaker shall be subjected to 200- and 135-percent calibration

f the ambient air at 40 £3 °C (104 15 °F), the 135-percent test being conductsg

Sequences, if
equences are

c or dc, taking

tion the characteristics of the circuit breaker and the possible conditions of us¢. A device not

c and may be
cific frequency
c, or both, as

dc calibration

d no less than
breakers rated
nit rated more
of the wire as
ing is marked,
e one, if it can

he ambient air
4 °F) shall be
h, an ambient
ests with the
d immediately

after the circu

t\breaker has carried its rated current until constant temperatures have been r

pached.

26.2.1.8

In conducting calibration tests at 40 +3 °C (104 15 °F), as indicated in 26.2.1.7, 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 26.4.1.7. The 200-percent calibration test shall be made when the temperature
at the points shown in Figure 26.2 — Figure 26.5 becomes constant. After the 200-percent calibration test
has been completed, rated current shall be passed through the circuit breaker until the temperature on the
circuit breaker becomes constant, at which time the 135-percent calibration test shall be made.
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Figure 26.2
Connection for Bolt-On Circuit Breaker Rated Less Than 1600 A

WIRE SIZE THERMOCOU}E E:ESALIQER
SEE NOTEL
/ SIS

S u

)

®/
Z =
COPPER BUS BAR 1{55A/mm?

(1000A/in2) 152:mm

SBO7|39—-1A (6 in) MAX LENGTH

Note: Wire size in accordanee with Table 6.1.

Figure 26.3

Connection-for Plug-In Circuit Breakers

CIRCUIT BREAKER ——

Y

—— 1| ,______J\\\
THERMOCOUPLE
SB0736—1
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Figure 26.4

Connection for Circuit Breaker with Extension Member

CIRCUIT BREAKER

TERMINAL BLOCK

EXTENSION
MEMBER

————

- THERMOCOUPLE

I
BUS BAR /

SB0733
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BUS
BAR

Figure 26.5

Connection of Circuit Breaker with Bus Bars

CIRCUIT BREAKER

BUS
BAR

SA1047

L St
o

26.2.2 200 percent calibration test

26.2.2.1 Stagting with the test samplesat the ambient temperature indicated in Table 3
ng 200 percent of its rated current shall trip within the time limits given in T4

breaker carryi
26.2.1.7.

Table 26.3

Automatic Tripping Time — 200 Percent Rated

THERMOCOUPLE

6.2, a circuit
ble 26.3. See

Currefitrating (l,) in amperes Maximum tripping time in minutpes
0-30° 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
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Table 26.3 Continued

tes

Current rating (l,) in amperes Maximum tripping time in minu
1601 — 2000 28
Over 2000 30

@ For circuit breaker frames rated more than 250 V, the maximum tripping time may be 3 minutes.

26.2.3 135 percent calibration test

26.2.3.1
within 1 hour for a device rated at 50 A or less, and within 2 hours for a device rated at m

A circuit breaker carrying 135 percent of its rated current in accordance with Table 26.2 shall trip

ore than 50 A.

Unless othe
the start of the test. See 26.2.1.7.
26.2.4 100 percent calibration test

26.24.1 Aq
until temperat
See 26.4.1.4

ircuit breaker shall be capable of carrying 100 percent of its.rated current
ures become constant. This test may be conducted concurrently with the ten
hnd 26.4.1.11.

26.2.5 Adjustable instantaneous trip calibration test

26.2.5.1 In g circuit breaker that has an adjustable instantaneous release as indicateq
automatic trigping at the maximum setting shall be within the range of 80 — 130 percent
tripping currept. At the minimum setting, tripping shall be within the range of 80 — 130
marked trippimg current.

26.2.5.2 To determine if a circuit breaker complies with the requirement of 26.2.5.1, tests
using one of fhe following techniques. This test shall be performed at both the maximum
settings of th
maximum and minimum settings. The average of the three tests on any pole shall be consig
tripping current of that pole.

a) Rar
and th
instan

hp Method — The'test current at the beginning of the test shall be 70 percent
e current is:-then to be increased rapidly until the circuit breaker trips by
aneous-response.

b) Pulse Method — The test current shall be set at 80 percent of the marked trip sett

ise directed, the test sample shall be at the ambient temperature indicated.in

Table 26.2 at

ithout tripping
hperature test.

| in 6.5.8, the
of the marked
percent of the

shall be made
and minimum

instantaneous responSe: Each pole shall be tested separately three time¢s at both the

ered to be the

of the setting,
means of the

ng and closed

so thaf there is minimum asymmetry. The duration of the pulse shall be at least 6 ¢

cles. The test

current shall be increased in 5 percent increments. If the circuit breaker trips at 80 percent, the test
current shall be reduced by 5 percent to demonstrate that the circuit breaker does not trip within 6

cycles.

c) Other Methods — Another method that is found to give an accurate indication of the trip point

shall be permitted.
26.2.6 Thermal memory retention test

26.2.6.1

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

a) Conduct the 200 percent calibration test, see 26.2.2. There shall be no auxiliary power on the

trip unit.
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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).

26.3 Overload test

26.3.1 A circuit breaker shall be capable of performing successfully when operated under the overload
conditions indicated in 26.3.2 — 26.3.14. There shall be no electrical or mechanical breakdown of the
device and the fuse indicated in 26.1.27 connected to indicate arc-over to the enclosure or grounded metal
shall not have cleared.

26.3.2 A circuit_breaker shall be operated as shown for circuit breakers in Table 26.4 making and
breaking 600 percent of its rated current, but no less than 150 A, unless the inherent impgdance of the
circuit breaken will not provide the 150 A at rated voltage. In this case, the maximum.current passed at
rated voltage $hall be used. If the circuit breaker does not latch at the specified rate@f opergtion, the rate
may be reduced sufficiently so that the circuit breaker will just remain latched.

Table 26.4
Overload Test Operations
Number of operations
Circuit breakers

Frame Sij Close and open Close manually, open Number of cycles of

ampere manually®°° automatically. Switches operatjon per minute
100 or lesp 35 15 50 6

101 —15( 509 é 50 5

151 - 224 50 - 50 5

226 — 160D 50 - 50 1°®
1601 —25(0 25 - 25 1¢
2501 - 6000 28 - 28 1f

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

2 If the test samgle trips during man(al,operation, it is still considered as a manual operation.

b At the option of the manufacturet,.the adjustable instantaneous response of a circuit breaker rated 400 A or more|may be
adjusted to less than the maximum position.

¢ The minimum dlosed time_shall be one cycle, unless the sample trips.

4 1n the case of 4 multipole breaker without a common trip, and rated at more than 100 A, 35 cycles of operation shill be made
manually and 15 automatically as specified in 26.3.14.

€ Operation may be conducted in groups of 5, with 15 minutes maximum between groups.

fThree 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).

26.3.3 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 all concerned parties. Except as permitted by 26.3.4, 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.

26.3.4 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
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recovery voltage, as indicated for interrupting tests, using a load equal to the overload or if the supply
circuit is considered to be acceptable for the interrupting test.

26.3.5 Wiring diagrams illustrating the test of circuit breakers under overload conditions are indicated in
Figure 26.1. Refer to explanation of test methods and circuit characteristics given in this clause and 26.3.8
— 26.3.14. All conductors of an ac circuit shall pass through the same knockout, 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 be used if an equal number of conductors from each
phase and from the same line or load side are routed through each knockout.

26.3.6 A circuit breaker intended for use on a system having one conductor grounded shall be tested
with the enclosure, if of metal, connected to the grounded conductor through a fuse described in 26.1.26. If

a circuit break
similar fuse to

26.3.7 Adcir
device conne
The dc circuit

26.3.8 Exce
with ac with
except as no
reactances s
shall be perm
power consur

26.3.9 Anir
225 A and thdg
to 1.414 +5 p
air-core react

In air core inductive load. The power factor of the lead shall be from 0.45 t

er is intended for use on other types of systems, the enclosure shall be conne
the live pole least likely to strike to ground.

uit breaker intended for use on a dc system, see 26.1.7, shall be tested with g
cted so that the enclosure will be positive in potential with regard{to-the neare
shall have a time constant not less than 0.003 second.

pt as specified in 26.3.9, a circuit breaker intended for,use on an ac system

ed in 26.3.14. Reactive components of the load shall'be permitted to be par
all be connected in parallel with resistances, except that an air-core reacto
itted to be shunted by resistance, the loss of<which is approximately 1 perce
nption in that phase.

bn-core reactor shall be permitted to-be used if the maximum test current is
current wave shape at maximum elifrent is such that the ratio of peak-to-rms
brcent (essentially sinusoidal). Ifireferee tests are necessary, they shall be co
brs in accordance with 26.3.8:

cted through a

¢ and with the
5t arcing point.

shall be tested
b 0.50 lagging
alleled, but no

in any phase
ent of the total

not more than
alues is equal
nducted using

26.3.10 Forlthe overload test and for-the endurance test, see 26.5.3, the resistance per phase in which
the power loss is approximately 1 percent of the total power consumption in that phase will he as indicated
in Table 26.5.
Table 26.5
Shunting Resistance Per Phase
Shunting resistance per phase in Ohms
Power factor Power factor
0.45-0.50 0.750 - 0.80
Single phase 163 E 52 E
/ /
Three phase o4 F 30 F
) /

E = Closed circuit line potential in volts.

I'=Line current in Amperes.

26.3.11 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, 26.7. 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
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interrupting the correct value of current. The test current required shall be the rms symmetrical current
value.

26.3.12 Except as noted in 26.3.14, a 2-pole circuit breaker intended for use on a dc or a single-phase
ac, 3-wire system with a grounded neutral shall be tested on a 3-wire supply circuit having the neutral
grounded. The circuit breaker shall be connected as shown in diagram D of Figure 26.1 with the poles
connected to the ungrounded conductors of the circuit, with no connection to the midpoint of the load, and
with the enclosure connected to the neutral through a fuse as indicated in 26.1.27.

26.3.13 A 3-pole circuit breaker intended for use in an ac circuit shall be tested in a 3-phase circuit with a

3-phase balanced load, except for a circuit breaker rated only 120/240 V, single phase. See 47.1.22.

26.3.14 Foll
pole may trip
tested by ope
connected as
connected to t
for use with ag
option of the n
the same man

26.4 Temperature test

26.4.1 General

26.4.1.1 A circuit breaker shall be subjected to the temperature test described in 26.4.2 or
of the X sequegnce. See 26.4.1.2 and 26.4.1.3.

26.4.1.2 A rlon 100 percent circuit breakér“shall be tested in accordance with 26.4
enclosure, at 100 percent of its rated current.’At the conclusion of this test, as an option in ac
26.4.2.4, a cirguit breaker is permitted-ta-be tested at 80 percent of its rated current while

enclosure.

26.4.1.3 A 1D0 percent rated ‘circuit breaker marked for use at 100 percent of its rated cy

tested as desd
a)Inth

b) In o

tving the 35 cycles of manual operation, a 2-pole circuit breaker constructed

ndependently of the other and a single-pole circuit breaker as indicated-inl 26

ting each pole separately for 15 cycles of automatic operation. The circuit br
shown in diagram C of Figure 26.1 with both the line and load terfminals of {
he line wire of opposite polarity to that of the pole under test. If the circuit break
, it shall be tested at a power factor of 0.75 — 0.80 for these automatic operatio
nanufacturer, a 2-pole common-trip circuit breaker as described in 26.3.12 m3
her.

ribed in 26.4.3 using one of the following options:
£ smallestenclosure with which it is intended to be used, or

pben.air as part of the X sequence followed by a second test in the smallest ¢

so that either
.1.19 shall be
baker shall be
he other pole
eris intended
hs only. At the
y be tested in

P6.4.3 as part

2 without an
cordance with
nstalled in an

rrent shall be

nclosure with

which i

is.intended to be used. If this option is used a new sample is allowed for the s

bcond test.

26.4.1.4 When tested without an enclosure under the conditions described in 26.4.1.5 — 26.4.1.23, or in
an enclosure as described in 26.4.2.4, a circuit breaker shall operate without tripping until constant
temperatures are attained, and materials used in the construction of a circuit breaker shall not be affected
adversely by the temperatures to which they are exposed during the test.

26.4.1.5 The materials shall be considered as being affected adversely if temperature rises greater than
those indicated in Table 26.6 and Table 26.7 are attained.
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Table 26.6
Maximum Acceptable Temperature Rise
Material and components °C (°F)
Wire insulation or insulating tubing® 35 (63)
Electrical tape? 55 (99)
Varnish-cloth insulation? 60 (108)
Fiber employed as electrical insulation® 65 (117)
Phenolic composition or melamine® 110 (198)
Urea composition® 60 (108)
Other insulating-materials® -
Sealing compos:lndC 50 (90)
2 The limitationd on insulating materials in 26.4.1.5 do not apply to a material or compound that has beenrinvestigdted and has
special heat-registant properties.
® The acceptability of insulating materials shall be determined with respect to properties — such as,flammability, ar¢ resistance,
relative or genefic temperature indices, and the like — based on the temperature rise plus 40 °C (104 °F).
¢ The softening point shall be at least 40 °C (104 °F) higher than the temperature rise, but not less than 90 °C (194 °F) in any case.
Table 26.7
Maximum Temperature Rise ‘on Coils
°C (°F)
Wire-wound coils?
Class 105 insulftion
Thermocquple method 65 117)
Resistande method 85 (153)
Class 130 insulgtion
Thermocquple method 85 (153)
Resistande method 105 (189)
Class 155 insulgtion
Resistande method 15 (207)
Class 180 insulftion
Resistande methdd 135 (243)
Class 200 insulgtion
ResistanceTmethod 1560 (270)
Class 220 insulation
Resistance method 165 (297)
Single-layer series coils with exposed surfaces uninsulated or film-coated wire
Class 105 insulation
Thermocouple method 90 (162)
@ Some types of coil constructions may have a smaller difference between the hot spot temperature and the temperature
measured by the change of resistance method than conventional types of coil winding as the result of the current winding bus
through the center of the coil. In such cases, the limiting values shown may be exceeded if an investigation shows that the hottest-
spot temperature rise plus the ambient temperature does not exceed the insulating system rating.

26.4.1.6 The maximum temperature on handles, knobs, and other surfaces subject to user contact
during normal operation shall not exceed 60 °C (140 °F) on metallic and 85 °C (185 °F) on nonmetallic
surfaces.
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26.4.1.7 The circuit breaker shall be mounted in a closed room substantially free from air currents. The
temperature of the ambient air shall be as indicated in 26.2.1.7 as determined by one thermometer or
thermocouple placed 305 mm (12 inches) from the circuit breaker at one side in a plane horizontal to the
center of the circuit breaker. The thermocouple or thermometer shall be shielded from any heat source,
such as power sources, connecting wires, or bus bars.

26.4.1.8 Except for the temperature test outlined in 26.4.2.4, a circuit breaker shall be connected to a
test source so that all poles carry 100 percent of rated current.

26.4.1.9 The temperature test shall be conducted using ac at any convenient voltage except that a circuit
breaker marked for use on dc only may be tested using either ac or dc. Polyphase circuit breakers shall be
permitted to be tested using either single-phase or polyphase current. The frequency of the test voltage
shall be 50 — 60 Hz unless the rating is outside this range, in which case, it shall be the rafed frequency.

The circuit bregker shall be permitted to be switched up to ten times with no load prior to thet

26.4.1.10 A gaoil, such as used in a tripping mechanism, that is intended to be ‘energized
shall be energjzed at rated voltage or current and frequency (or dc). See 26.4.4\foFmethod ¢

rise determin

26.4.1.11 Te
thermocouples
continued unti
stable when tk
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given in Table
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nally, the total change between readings *hand 3 shall also be less than or equ

e thermocouples indicated in 26.4:1.11 shall consist of wires not larger than 2

ermocouples shall be attached at line and load wiring terminals at the point
insulation. When wiring~terminals are not provided on the circuit breaker, t

cept as notediin 26.4.1.17, a circuit breaker that has wiring terminals shall be
e test withinot less than 1.219 m (4 feet) of black Type RH, TW, TW75, RW75,
ber wireper terminal. The wire size shall correspond to the rating of the circ
6.4 For a circuit breaker or a circuit breaker frame with an interchangeable

est.

continuously,
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hsidered to be
v a change of
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an or equal to
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4 AWG (0.21

most likely to
nermocouples
e attached at

connected for
THW, THHN,
Lit breaker as
trip unit rated

100 A or less

br'that is not marked for use with wire sizes of 1/0 or larger, the wire size shall

plso be based

on the temperature rating of the wire as indicated by marking on the circuit breaker or trip unit. Where a
dual temperature rating is marked, 60/75 °C (140/167 °F) wire, the test shall be conducted with 75 °C
(167 °F) wire. If agreeable to all concerned parties, insulation of a color other than black shall be
permitted.

26.4.1.15 To facilitate test connections, wires of any convenient size and number as required for the test
current shall be permitted to connect the bus bars described in 26.4.1.17 to the source of supply.

26.4.1.16 If a circuit breaker rated less than 1600 A has terminals that have no provision for wire (bolt-on
circuit breakers), the connections to those terminals during the temperature test shall be made with copper
bus bars. The size of the bus bar used for the temperature test shall be 1.55 A/mm? (1000 A/in?) of copper,
based on the circuit breaker frame size, except that when the circuit breaker is intended for use with a
smaller bus bar, such smaller bus bars shall be used. The bus bars shall be mounted as in actual service.
Except as noted in 26.4.1.18, the length of the bus bar shall not exceed 152 mm (6 inches) and the bus
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bars shall terminate in one or more wire connectors. The wire connectors shall be wired in accordance
with 26.4.1.14, and the combined length of bus bar and wire shall not be less than 1.219 m (4 feet). See

Figure 26.2.

26.4.1.17 A circuit breaker of a frame size rated 1600 A or more may be tested with copper bus bars
instead of with wire if agreeable to all concerned parties. A circuit breaker rated more than 4000 A shall be
tested with copper bus bars unless it is marked for cable connection only (see 47.2.12). Unless marked to
indicate otherwise (see 47.2.13), the bus bars shall be of the size shown in Table 26.8 and at least 1.219 m
(4 feet) in length. The spacing between multiple bus bars shall be 6.4 mm (1/4 inch), with no intentional
greater spacing except as necessary at the individual terminals of the circuit breaker.

Tlal nDe 0O
rapre20.0

Size of Copper Bus Bar Connections for Temperature Test
Bus bar per terminal

Size in
Circuit bregker frame size in amperes Number mm (ihches)
1600 2 6.4 x 7662 (174 x 3)
2000 2 6.4x 102 (174 x 4)
2500 2 6.4'x 127 (174 x 5)

or4 6.4 x63.5 (114 x 2-1/2)

3000 4 6.4 x102 (174 x4)
4000 4 6.4 x 127 (1/4 x 5)
5000 6 6.4 x 127 (1/4 x 5)
6000 6 6.4 x 152 (174 x6)

circuit breaker is intended for use with-both bus bars and wiring terminals. Unless the cirpuit breaker is
marked to inglicate otherwise, the bus bars shall have a cross section of 1.55 A/mm? (1000 A/in?) for
ratings less than 1600 A. For ratings of 1600 A and higher, the bus bar shall be in accordapce with Table
26.8. If the cifcuit breaker is intended only for use with wiring terminals, the test shall be qgonducted with
insulated confuctors, as specified in 26.4.1.14. The bus bars or cable shall be at least 1.219 m (4 feet)
long. The tesf shall be permitted to be repeated using insulated cable for a circuit breaker intended for use
with both bus|bars and wiring terminals.

26.4.1.18 I;Er the 100 percent rated test,a circuit breaker shall be connected with copper |bus bars if the

26.4.1.19 A|circuit.breaker that has specially formed terminals intended only for connedtion to mating
parts (plug-in ftype), shall be tested with mating parts of the most adverse (smallest) size and configuration
with which it iSTntended o be used. The receiving device mating parts mounted as in actual service shall
terminate in one or more pressure terminal connectors which shall be connected for the test by the type
and length of wire indicated in 26.4.1.14. See Figure 26.3.

26.4.1.20 For a circuit breaker constructed so that the points where wires or bus bars are intended to be
attached are located on integral or separable parts that extend from the circuit breaker housing, the test
procedure indicated in 26.4.1.21 and 26.4.2.4 shall be followed.

26.4.1.21 Connections for the temperature test shall be made to the intended points on the extension
members using wire or bus bars as specified in 26.4.1.14, 26.4.1.16, 26.4.1.17 and Figure 26.4.

26.4.1.22 A circuit breaker that has specifically formed terminals intended only for connection to mating
parts (draw-out type), shall be tested with mating parts of the most adverse (smallest) size and
configuration with which it is intended to be used. The receiving device mating parts mounted as in actual

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 489 2025.pdf

58 NMX-J-266-ANCE-2025 ¢ CSA C22.2 No. 5:25 ¢+ UL 489 MARCH 7, 2025

service shall be tested with the receiving device connected to the source with bus sized in accordance with
26.4.1.18, unless the circuit breaker is marked for cable connection only.

26.4.1.23 A circuit breaker constructed so that the points where wires or bus bars are intended to be
attached are located on integral or separable parts that extend from the circuit breaker housing shall be
tested with bus connections to the source, unless the circuit breaker is marked for cable connection only.

The bus shall be sized in accordance with 26.4.1.18.

26.4.2 Non1

26.4.21

00 percent rated

Temperature rises at specific points shall not exceed the values indicated in 26.4.1.5 - 26.4.1.7,

and Table 26.6 and Table 26.7.

26.4.2.2 The
up as in actua

26.4.2.3 The
where a bus b

26.4.2.4 |If th
exceeds 50 °(
rated current,
installed in an

current, the t

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

temperature rise on a part of a circuit breaker, or an extension*member, s
br is to be connected shall not exceed 50 °C (90 °F).

e temperature rise at the points where the connection“specified in 26.4.1
(90 °F) but is not more than 65 °C (117 °F) with the Circuit breaker carrying 1
the temperature test shall be permitted to be repeated using an untested g
enclosure that is representative of the smallestenclosure with which the cirq

perature rise at the points where the cennection to external wires or bus b

ire is brought

ee 26.4.1.19,

21 are made
00 percent of
ircuit breaker
uit breaker is
aximum rated
ars are made

likely to be us%:. Under these conditions, with the circuit breaker carrying 80 percent of its m|

shall not exce¢d 50 °C. Ventilated enclosures as specified in Ventilation, Section 95 shall be permitted.

26.4.3 100 percent rated

26431 Ac
ampere rating

rcuit breaker shall be permitted to be rated for continuous operation at 100 |percent of its

if it:

a) Is off
than 24

a frame size rated 250 A or more or a multi-pole type of any ampere rating an
oVv;

d rated higher

b) Is marked in aceerdance with 47.4.4; and

c) Complies with/the requirements of 26.4.3.2 — 26.4.4.4.

26.4.3.2 A 1p0_percent rated circuit breaker shall be tested in the smallest enclosure of cubicle with

which it is intended to be used.

26.4.3.3 The temperature rises where connections are made to external bus bars, when bus bars are
used; or on a wiring terminal at a point to which the insulation of a wire is brought up as in actual service
when tested with insulated wire shall not exceed 60 °C (108 °F), if marked in accordance with 47.2.14. The
marking shall be permitted to indicate only specific current ratings (1) if a rating less than the frame rating
does not exceed the 50 °C (90 °F) temperature rise.

26.4.4 Coils

26.4.4.1 The maximum temperature rise of a coil, when operating at its rated voltage or current, shall be
not greater than that indicated in Table 26.7.
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26.4.4.2 The preferred method of measuring the temperature of a coil shall be the resistance method,;
but the temperature measurements by either the thermocouple or resistance method are acceptable,
except that the thermocouple method shall not be used for a temperature measurement at any point at
which the winding is not accessible for the placement of a thermocouple.

26.4.4.3 The resistance method consists of the determination of the temperature of a copper or
aluminum winding by comparing the resistance of the winding at the temperature to be determined with
the resistance at a known temperature, according to the formula:

T= £f(234.5 + r) — 2345 (copper)

I

£(225 + f) - 225 (aluminum)

I

T

in which:
ris thg resistance in ohms at the known temperature;
R is the resistance in ohms at the temperature to be determined;
tis thg known temperature in °C; and

T is th¢ temperature in °C to be determined.

26.4.4.4 Asl|itis generally necessary to de-energize the winding before measuring R, thg value of R at
shutdown shgll be determined by taking several resistance measurements at short intervalg, beginning as
quickly as pogsible after the instant of shutdown./A’curve of the resistance values and thg time shall be
plotted and exXtrapolated to give the value of R at shutdown.

26.5 Endurance test

26.5.1 A cirpuit breaker shall be capable of performing successfully when operated nmpanually or by
means of a npachine constructed\to simulate manual operation for the number of cycles and at the rate
indicated in Tpble 26.9. When .an electrical load is involved, the circuit breaker shall be cjused to make
and break its|rated currentiat rated voltage. There shall be no electrical or mechanical breakdown of the
device. The fiise specified-in 26.1.27, connected to indicate arc-over to the enclosure or gounded metal,
shall not haveq cleared.

Table 26 9
Endurance Test Operations
Maximum frame size Number of cycles of operation
in amperes Per minute? With current Without current Total
100 6 6,000 4,000 10,000
150 5 4,000° 4,000 8,000°
225 5 4,000 4,000 8,000
600 4 1,000 5,000 6,000
800 1 500 3,000 3,500
1200 1 500 2,000 2,500

Table 26.9 Continued on Next Page
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Table 26.9 Continued

Maximum frame size

Number of cycles of operation

in amperes Per minute?® With current Without current Total
2500 1 500 2,000 2,500
6000 1° 400 1,100 1,500

as for the 100 A frame.

@ For circuit breakers rated more than 800 A, the endurance test may, at the option of the manufacturer, be conducted in groups of
100 load operations. No-load operations may be conducted between groups of load operations at the option of the manufacturer.

b Where tests are required on samples having ratings of 100 A or less, 250 V or less, the number of operations is to be the same

¢ Rate of operation: 1 cycle per minute for first 10 operations; thereafter in groups of 5, at 1 cycle per minute, with an interval
between groups that is agreeable to the submitter and the testing agency.

26.5.2 The rpte of operation may be increased at the option of the submitter but shall

operations pelf minute.

ot exceed 20

26.5.3 To dgtermine if a circuit breaker complies with the requirements of 26.5.1 and Table 26.9, the

device shall b¢ mounted, connected, and operated as indicated in 26.1.25, 26.1.26, and 26
under "Overload," except that the power factor for an alternating currenttest shall be 0.75 —
A two-pole cirguit breaker that has independent trip operation of each,pole shall be tested w

operating sim
shall be closeq
the testing age

26.5.4 The current capacity of the supply circuit may bé&.determined with rated current flow
600 percent of rated current, as required in 26.3.3), i which case the voltage across the ¢

and load shal
capacity of thg

for the interrugting test.

26.5.5 Eight

indicated in Figure 26.6. See the explanation of test methods and circuit characteristics giv

26.5.4.

3.3 —26.3.14

ltaneously. In each cycle of operation of the endurance test with load, the ¢

0.80 lagging.

ith both poles

ircuit breaker

and then opened immediately unless a longer "on*period is agreeable to the [submitter and

ncy.

be not less than 97-1/2 percent .of-rated voltage of the circuit breaker e

ng (instead of

ircuit breaker
cept that the

supply circuit need not be greater than that of a circuit that is considered to be acceptable

wiring diagrams illustrating the test of circuit breakers under endurance q
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Figure 26.6

Endurance Test Connection Diagrams
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on-Trip "stant" (120/240, 125/250 V) Rating
on-Trip-Rating other than C

[, )

F — 3-Pole wye-c

nnected system ratings

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

H — 4-Pole wye-connected system ratings

N — Neutral

Z — Load Impedance

f—30 A "ground"

Copyright Underwriters Laboratories Inc.

Fuse — Enclosure


https://ulnorm.com/api/?name=UL 489 2025.pdf

62 NMX-J-266-ANCE-2025 ¢ CSA C22.2 No. 5:25 ¢+ UL 489 MARCH 7, 2025

26.6 Calibration test

26.6.1 The 200-percent and the 135-percent calibration tests at 25 °C (77 °F) in 26.2.2 and 26.2.3 shall
be conducted following the endurance test, except that the 135-percent calibration test may be omitted for
solid-state trip breakers having a frame size of 226 A or greater.

26.6.2 The 135-percent calibration test at 40 °C (104 °F) in 26.2.3 shall be conducted following the
endurance test on an ambient compensated circuit breaker with the circuit breaker at ambient
temperature, without pre-heating by carrying rated current. This test shall be permitted to be omitted if the
compensation of the circuit breaker is not considered to be affected by the overload and endurance tests.

26.7 Interrupting test

26.7.1 A circuit breaker shall perform successfully when operated under conditions indicated in 26.7.3 —
26.7.10. Ther¢ shall be no electrical or mechanical breakdown of the device, and‘thé fuse specified in
26.1.27 shall pot have opened. Cotton indicators as indicated in 26.7.11 and 26718 shall mot be ignited.
There shall be[no damage to the insulation on conductors used to wire the device: After the final operation,

the circuit bregker shall have continuity in the closed position at rated voltage:

26.7.2 The
any position,
diameter can
contacts.

tton indicator mentioned in 26.7.11 shall be permitted to-be omitted, if, with{the handle in
ere is no opening around the handle through which-asmusic wire 0.25 mm (0.010 inch) in
e inserted in a straight line to where it intersects any straight line connecting the separating

26.7.3 Except as specified in 26.7.5, a circuit breakershall be subjected to the number and type of
operations indicated in Table 26.10 when connected as shown in Figure 26.7 and shall interrupt the
current indicajed in Table 26.12. Successive operations shall be conducted by alternately closing the
circuit on the ¢ircuit breaker ("O" operation) by means of any appropriate switching device, using random
closing, and closing the circuit breaker on the circuit ("CO" operation). At the option of the manufacturer,
the common ¢r 3-phase operation may bé‘eonducted first if "O" — "CO" — "O" alternate dperations are
maintained.
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Figure 26.7

Interrupting Test Connection Diagrams

su0924

N — Neutral

Z — Limiting Impedance

F — 30 A “ground” Fuse — Enclosure
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Table 26.10
Interrupting Test Operations

Letters indicate diagram in Figure 26.7

Total
Frame Operations on Common number of
Poles rating Circuit breaker AC voltage rating each pole operations operations
(0] CcO (0] (0] CcO o
1 All 120, 127, 208, 240, 277, 347, 480, 600, A A A - - - 3
650, 690, or 700 to 1000 in 50V
increments
1 All 120/240 (tested in pairs) - - - B B B 3
240, 480, 600, 1000 or any delta
connected system rating between 600V
2 Al and 1000V. E E - D - - 5
2 Al 120/240 - - - C ¢4 C 3
208Y/120, 480Y/277, 600Y/347 or any
wye connected system rating between
2 0-1200 A | 600V and 1000V. L L - C - - 5
2 gl 10 — 30 E E - H - - 5

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

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

3 Al 120/240 — — — J J J 3

208Y/120, 480Y/277,600Y/347, or any.
wye connected system rating between
3 Al 600V and 1000V. K K - — - 7
208Y/120, 480Y/277, 600Y/347,Jor any
wye connected system rating between
4 Al 600V and 1000V. K K - M — - 7
NOTE: For the 125/250 V dc rating, the number ofi operations is the same as for the 120/240 V ac rating. For the 280 V dc rating,
the number of oferations is the same as for the 240 V ac rating.

26.7.4 Except as specified in 26.7.5, a dc circuit breaker with poles intended to be wired |n series shall
be subjected to the numberand type of operations indicated in Table 26.11 when connectefl as shown in
Figure 26.8 and shall iaterrupt the current indicated in Table 26.12. The tests shall be [conducted in
accordance with 26.7.3.
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Table 26.11
Interrupting Test Operations
Intended | Polarities Intended Intended system Letters indicate diagram in Figure 26.8 Total
polesin | switched | configuration® o i h o i ith number of
series in pera |onT on eac p?ra fons wi operations
intended pole poles in series
use
(0} co (0} o co o
1 1 A Grounded or A A A - - - 3
ungrounded
2 2 B® Slash rated (grounded B1 B1 - B2 - - 5
or ungrounded)
23,4 1 C Grounded or - - - C C € 3
ungrounded
2,34 2 D Ungrounded - - - D D D 3
2,34 2 E°€ Grounded - - - E° 1= E9 3
2@ Not applicable [to 250Vdc rated. For 250Vdc rated, see Table 26.10, note.
b Not applicable to 125/250Vdc rated. For 125/250Vdc rated, see Table 26.10, note.
© See 26.7.26 ar]d 26.7.27. Shows connection with a grounded negative polarity. Only, ungrounded poles are conngcted in series
with fewest numper of poles.

Copyright Underwriters Laboratories Inc.



https://ulnorm.com/api/?name=UL 489 2025.pdf

66 NMX-J-266-ANCE-2025 ¢ CSA C22.2 No. 5:25 ¢ UL 489 MARCH 7, 2025
Figure 26.8
DC Rated Circuit Breakers Interrupting Test Connection Diagrams
Diagram Description Intended use Test configuration
A Single pole or using + _ + _
individual poles of multi-pole
device | | e
D) Db
[
B TwWo-pole slash-rated B1:
N
| 1
| |
| b
| o)
| I
Load
B2:
C Mpre than one pole in series -+
switching one polarity only I
D All poles.in\sefies switching
bgth polarities, ungrounded + - ':'
] ]
0>0\0> aWaWG)
/0’0 Q)Q)Q)
LI
E All poles in series switching + -
both polarities, grounded || +
(grounded negative shown) |
P
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26.7.5 For the Y Test Sequence, the number and type of operations, and the test current shall be as
indicated in Table 26.13.

26.7.6 A circuit breaker with a short-time delay element shall additionally be evaluated by the tests in
26.7.6. The tests shall be conducted at both the maximum short-time pickup setting and maximum short-
time delay setting. For these tests, the instantaneous element shall not operate to trip the circuit breaker. If
the maximum short-time pickup setting and maximum short-time delay setting do not occur together, so
that it is necessary to conduct separate tests for each setting, separate samples shall be permitted to be
used for each test.

26.7.7 The test shall be a 3-phase, "O" and "CO" test conducted at rated voltage and a current between
100 and 120 percent of the current for the short-time pickup setting. The circuit breaker shall trip within the
manufacturer]s time band for the pickup setting.

26.7.8 When a circuit breaker is tested in accordance with note a of Table 26.12, the“same sample — or
at the option |of the manufacturer an additional sample — shall be subjected to.an additiopal test at any
convenient vgltage. The circuit breaker's delayed tripping element shall be set'to the maximum delay
position. The [circuit breaker shall carry, and trip, a current equal to that required for the single-pole short
circuit test. The test shall be performed once as a type "O" operation~and repeated as a type "CO"
operation.

26.7.9 With|regard to Figure 26.7, during the common operation when using alternatirl]g current, the
location of thg fuse connection referred to in 26.1.27 shall be to.that side of the supply least{likely to arc to
grounded mefal and not necessarily as shown.

26.7.10 The time interval between the interrupting.operations of a circuit breaker shall [be 2 minutes,
except that the time interval may be extended to, whatever is necessary to allow the circuiff breaker to be
reset, but notmore than 1 hour.

Table 26.12
Available Current in Test Circuits

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

100 A maximun

250 V maximun 5,000 5,000 5,000 4,330Pc¢ 5,000
100 A maximun

251 -1500 10,000 10,000 10,000 8,660°c¢ 10,000
101 -800 A 10,000 10,000 10,000 8,660°4 10,000
801 —1200 A 14,000 14,000 14,000 12,1204 14,000
1201 -1600 A - 14,000 20,000 14,000 20,000
1601 — 2000 A - 14,000 25,000 14,000 25,000
2001 — 2500 A - 20,000 30,000 20,000 30,000
2501 — 3000 A - 25,000 35,000 25,000 35,000
3001 —4000 A - 30,000 45,000 30,000 45,000
4001 - 5000 A - 40,000 60,000 40,000 60,000
5001 — 6000 A - 50,000 70,000 50,000 70,000

Table 26.12 Continued on Next Page
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Table 26.12 Continued

RMS symmetrical or DC amperes

1 pole 2 pole 3 pole

Frame rating Individual® Common Individual® Common

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

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

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

2) 3-pole CirClliit breakers marked in accordance with 47.1.23.
Table 26.13
Available Current in Test Circuit
RMS symmetrical or D€ amperes
1-pole 2-, 3-, and 4-pole
Frame rating Common
100 A maximum
250 V maximum 1500 1500
100 A maximum
251 - 1500 V mgximum 3000 3000
101 -225A 3000 3000
226 -400 A 5000 5000
401-600 A 6000 6000
601—-800 A 10,000 10,000
801—1200 A 14,000 14,000
1201 -1600 A - 20,000
1601 —-2000 A - 25,000
2001 — 2500 A - 30,000
2501 — 3000 A - 35,000
3001 — 4000 A - 45,000
4001 -5000 A - 60,000
5001 — 6000 A - 70,000
NOTE: Sequence of operations shall be O-t-CO, where t is a minimum of 2 minutes and a maximum of 1 hour.

26.7.11 A cotton pad at least 12.7 mm (1/2 inch) thick, and having a length and width 4 times the handle
opening but not less than 76.2 mm (3 inches) in either dimension shall be centered and placed 12.7 mm
(1/2 inch) from the end of the circuit breaker handle (see 26.7.2). If a handle extension longer than 25.4
mm (1 inch) is used, the cotton pad shall be firmly supported and anchored to the extension as shown in
Figure 26.9. The cotton pad may be supported on either a solid surface or on 12.7 mm (1/2 inch) mesh
hardware cloth. A small opening shall be permitted in a cotton pad to pass a plunger to operate a push-
type circuit breaker.
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Figure 26.9
Location of Cotton Pad for Interrupting Ability Test

e 127 mm 12.7 mm
(1/2/in) / (172 in)
COTTON TEST / COTTON TEST
PAD PAD

\ SUPPORT

EXTENSION HANDLE

1

su0187

26.7.12 The cotton used shall be surgical cotton, such as is commonly used for medical purposes.

26.7.13 A circuit breaker intended foruse in a ventilated enclosure shall be tested in thgt enclosure. A
cotton pad ir[dicator at least 12.Z_mm (1/2 inch) thick shall be attached to the outsid¢ of and shall
completely cgver any louvers orather openings to determine compliance with 95.2.

26.7.14 Thelline terminals shall be connected to a supply circuit as indicated in 26.7.21 + 26.7.25, and
the leads for |both line‘and load connections shall be as indicated in 26.7.16. Any impedance that may
need to be added to.limit the current shall be connected in the circuit on the line side of the ¢ircuit breaker.
The open-cirquit voltage of the supply circuit shall be not less than 100 percent nor more than 105 percent
of the rated \oltage of the circuit breaker, except that a higher voltage may be used if agreeable to all
concerned parties.

26.7.15 With regard to the requirement in 26.7.14, the limiting impedance added in the test circuit may
be divided appropriately between the supply lines. The grounding connection for the frame, enclosure, or
both, of the circuit breaker shall be made on the load side of the added impedance.

26.7.16 Each circuit breaker shall be subjected to all the operations of the interrupting test, without
replacement of any lead during the test. All leads shall consist of Type TW, TW75, RW75, THW, or THWN
copper wires of the size indicated in Table 6.1 corresponding to the current rating (In) and markings of the
circuit breaker, except as noted in 26.7.17, the leads for tests on 277 V, 347 V, 480 V, and 600 V or greater
circuit breakers rated 15 A or less shall be permitted to be 12 AWG (3.3 mm?). For a circuit breaker rated
125 A or less, the 60 °C (140 °F) wire shall be used except as required by 26.7.17. A circuit breaker rated
1600 A or more shall be permitted to be tested with copper bus bars having a cross-section not less than
indicated in Table 26.8. Line terminal leads shall be not more than 1.219 m (4 feet) in length. Load terminal
leads shall be not more than 254 mm (10 inches) in length per terminal for multipole operation, and not
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more than 1.219 m (4 feet) in length for single-pole operations. However, for 600 A frame size and larger,
leads of any AWG size not more than 1.219 m (4 feet) in length and that were included in the calibration
circuit shall be permitted as load leads for multipole operation and as extension leads for single-pole
operation. Leads shall be routed as described in 26.3.5.

26.7.17 For a circuit breaker rated 100 A or less that is not marked for use with wire sizes of 1/0 or larger,
and marked for use with 75 °C (167 °F) wire only, 75 °C wire shall be used. See note a of Table 26.16.

26.7.18 If a circuit breaker rated less than 1600 A has terminals that have no provision for wire the
connections to those terminals for the interrupting test shall be as indicated in 26.4.1.18 with the combined
length of the bus bars and the wires as indicated in 26.7.16.

26.7.19 Adci

(plug-in type)
testleads as i

b mating parts
all be connected for the test as indicated in 26.4.1.19 or 26.4.1.22 with [thg length of the

dicated in 26.7.14.

:Fuit breaker that has specially formed terminals intended only for connection.t
h

26.7.20 Ifa

located on intg
interrupting te
as indicated in

attached are
bctions for the
s or bus bars

Circuit breaker is constructed so that the points where wires or bus bars are
gral or separable parts that extend from the circuit breaker heusing, the conng
5t shall be made to the intended points on these extension.members with leag
26.7.14.

h dc and with
regard to the

26.7.21 A cifcuit breaker intended for use on a dc system, se€ 26.1.7, shall be tested wit
the circuit bregker connected so that the frame and enclosure will be positive in potential with
nearest arcing|point.

26.7.22 The
or less and 0.(

time constant of the test circuit shall notbe’less than 0.003 seconds for curren
08 seconds for currents greater thant0,000 A.

ts of 10,000 A

han 105 % of
reeable to all

26.7.23 The[DC open circuit voltage of the ¢ircuit shall not be less than 100 % nor more f{
the rated voltage of the unit under test, €xcept that a higher voltage may be used if ag
concerned parties.

26.7.24 A circuit breaker intended:for use on an ac system only shall be tested with essentiglly sinusoidal

quired current

if agreeable to
ir core type and

at an air-core

the formula:

in which:

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

5s of which is
phase. The

I is the current flowing as determined by oscillographic measurement during the short-circuit

calibration, or, by proportion, from meter measurements at some lower current.
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Table 26.14
Power Factor of Test Circuits

Test circuit in amperes Power factor
10,000 or less 0.45-0.50
10,001 — 20,000 0.25-0.30
Over 20,000 0.15-0.20

26.7.25 Oscillograph recordings, or an equivalent method, shall be used to determine circuit
characteristics. See Annex C.

26.7.26 Ifa
load and thsg
accordance w

a)lsa
b) Is m
c)lsm

d) Red

26.7.27 The
test station w
circuit breakg
grounded cird
shall be conn

26.8 Trip-ouit at 200 percent current test

26.8.1 Follo
when carrying
indicated in 2

26.9 Dielec
26.9.1 Adcir

of a 48 — 62
between the

dc circuit breaker is intended to be wired in series but two of the poles are co
breaker complies with a) through d) below, interrupting tests shall be

ith 26.7.27:

multi-pole type;

arked for 2 or more poles to be wired in series;

arked for use in a grounded system; and

uires a direct connection to both the grounded andungrounded circuit conduct

circuit breaker shall be wired to both the grounded and ungrounded circuit cq
th the fewest number of poles intended.iebe connected in series in accorg
r instructions. The normal load side terminal(s)/pole(s) intended to be cor

pcted directly to the grounded terminal of the test station.

ving the interrupting ability test, a circuit breaker shall be capable of operating
200 percent of itswrated current, within the time limits given in Table 26.3 W
5.2.2. No minimum fripping time is specified for circuit breakers of the time-dels

ric voltage-withstand test

tuit breaker shall be capable of withstanding for 1 minute without breakdown
Hz essentially sinusoidal potential of 1000 V plus twice the voltage that is

hnected to the
conducted in

ors.

nductor of the
ance with the
nected to the

uit conductor shall not be used, and ifistead the load side of the positive terminal(s)/pole(s)

automatically,
hen tested as

y type.

he application
to be applied

ot

rating:

ein-—oiaction abhon raolkar 1o aammantad 1n ooanarA o aa At o a o
partS— i quCSUOTT; WiitCTT U IiC OTCanRtT 15 COMTCCTICUTTTT aCtCOTrTuaricC—wit T ito- 1ria

imum voltage

a) Between line and load terminals with the breaker open — with the breaker in the tripped and off
positions. The test voltages shall be based on the voltage rating of the circuit breaker. The test
voltage for a circuit breaker rated for a wye-connected system shall be based on the phase to

phase

voltage;

b) Between terminals of opposite polarity with the breaker closed. The test voltages shall be based
on the voltage rating of the circuit breaker. The test voltage for a circuit breaker rated for a wye-
connected system shall be based on the phase-to-phase voltage; and

c) Between live parts and the overall enclosure, as described in 26.1.26, with the breaker both
open and closed. The test voltage for a circuit breaker rated for a wye connected system shall be

based
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26.9.2 The test potential shall be 1000 V plus twice the voltage rating that is to be applied between the
parts in question, when the circuit breaker is connected in accordance with its maximum voltage rating.

26.9.3 To determine if a circuit breaker complies with the requirement of 26.9.1, the test shall be made
using a 500 VA or larger transformer, the output voltage of which can be varied. Starting at zero, the
applied potential shall be increased to the required test value and held at that value for 1 minute. The
increase in the applied potential shall be at a uniform rate and as rapid as is consistent with its value being
correctly indicated by a voltmeter. The transformer shall be permitted to be less than 500 VA if the output

voltage is measured directly.

llaneous tests

26.10 Misce
26.10.1
26.10.1.1 T

the marked te
the specified S
for the amperg
one type con
construction fg

26.10.1.2 In
withstand a te

Mechanical tests

re shall be no breakage or damage of any part of the circuit breaker when 1
minal tightening torque is applied to the wire securing means of the-wire conng
ize of conductor. The value of the tightening torque shall be based:on the wire

rating of the circuit breaker. If a circuit breaker frame uses different wire conn
nector for 15 — 40 A ratings and another type connector-for 41 — 100 A
r each wire connector shall be investigated.

order to determine compliance with the provisiéns”of 6.4.3.3, each termi
hsile force increased gradually to 89 N (20 Ib), and\maintained at that value for

26.10.2 Barijier and liner test

26.10.21 A
be subjected f
inch) thick us
potential. The

26.10.2.2 Th
potential shall

parrier or liner less than 0.71 mm (0028 inch) thick used in accordance with
o the application of a 5000 V, 60 Hz potential. A barrier or liner less than 0.
bd in accordance with 6.6.1.11\shall be subjected to the application of a 2
fest potentials shall be applied-as indicated in 26.10.2.2.

e barrier or liner material shall be placed between two flat metal electrodes
be increased to_the“test value. The maximum test potential shall be ma

second. The r¢sults are acceptable if there is no electrical breakdown.

26.10.3 Con

ormal coating

10 percent of
ctor, securing
size required
pctors; that is,
\ ratings, the

nal lead shall
5 minutes.

6.6.1.11 shall
33 mm (0.013
500 V, 60 Hz

and the test
ntained for 1

26.10.3.1 The acceptability of a conformal coating used on a printed wiring board ha
spacings as specified in Table 6.3 shall be determined in accordance with the requirements

ing electrical
for conformal

26.10.4 Power level determination test

26.10.4.1 The maximum VA output capacity of the secondary winding of a transformer, as referred to in
6.6.3.6 and 6.6.3.7, shall be determined as follows. The primary winding of the transformer, at room
temperature, shall be connected as intended in the device and the secondary winding in question shall be
connected to a variable-resistance load with other loads disconnected. If a fixed series impedance is relied
upon to limit the output, that impedance shall be included in the circuit during the test. A multiple-winding
transformer shall have one secondary winding tested with all the other secondary windings open-circuited,
and shall be allowed to cool to room temperature again before another winding is tested. The primary
winding shall be connected to a source of rated voltage. The load on the secondary shall be varied in
approximately ten increments from open-circuit to short-circuit conditions in 2-1/2 minutes. For each step
of increment in the resistance, the product of the output voltage and current shall be recorded, plotted, and
drawn as a smooth curve. The peak value obtained from this graph shall not exceed 250 VA and, if two or
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more secondary windings supply interconnected circuits, the sum of the outputs of the windings in
question shall not exceed 250 VA.

26.11 High available fault current test sequence

26.11.1 General

26.11.1.1 These requirements specify the additional performance requirements with which circuit
breakers shall comply if they are to be acceptable with an interrupting rating greater than indicated in Table
26.12 for the rating of the circuit breaker (common columns for 2- or 3-pole). For current-limiting circuit
breakers see Current-Limiting Circuit Breakers, Section 27.

26.11.1.2 SszpIes as described in Table 26.15 shall be of a type that complies with¢dh¢ performance

requirements
calibration, i
otherwise spe

terrupting, trip-out, and dielectric voltage-withstand tests in the ‘order
cified.

for use on limited available fault current circuits. Each sample shall belsupjected to the

amed unless

Table 26.15
Samples Required
Total number of samples
Saniple required? Interrupting current (IC) Number|of samples

Max. current rafing of frame 3 Max IC rating® 1€

— - IC-at max. voltage rating 1€

. - IC at max. kVA ratings® 1
Intermediate cufrent rating of e, f e
frame
Min. current rating of frame 1fe Max. IC rating 1¢

@ The same san
b If maximum |G

¢ One extra san
tested is 100 an

4 May be omitte]
than one voltag
ampere rating.

¢ Intermediate g
ratings (I,,) of ng
appreciably affg

ple may be used for more than onég. test if agreeable to all concerned parties.

rating applies at maximum voltage rating, only one sample is required.

ple is required for the interrupting test under "Bus Bar Conditions" when the maximum rating of th4
peres or less.

H if maximum kilovolt-amperes occurs at the maximum voltage. If the maximum kilovolt-amperes g
e, neither of which is the maximum voltage, the test shall be conducted at the highest voltage for th

urrent ratings '(1,,) of interchangeable trip unit frames are not required for testing with leads. Interm4

b frame or group

ccurs at more
e kilovolt-

diate current

ninterehangeable trip unit frames may be subjected to test if differences in construction are consid
ct thie test performance. For 100 amperes and less frame sizes, where changes are made to brai

samples repres

g

eNting the maximum rating of each construction shall be selected for testing under bus bar conditigns.

ered to
, or contacts

rating.

fNot required for dc tests if the circuit breaker already has an ac rating, and the dc rating does not exceed the corresponding ac

26.11.1.3

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

If 2- and 3-pole circuit breakers are of identical construction and have identical current-

26.11.1.4 Where the interrupting rating at a given voltage is the same for all current ratings (I,,) of a
frame, samples shall be selected as indicated in Table 26.15. In frames where the interrupting rating is not
the same for all current ratings (l,), consideration shall be given to determine whether both minimum and
maximum ratings of each group of interrupting ratings are to be tested.

26.11.1.5 If the marked rating of a circuit breaker includes both alternating and direct current, or if the
marked rating does not exclude one or the other, the acceptability of the circuit breaker for both ratings
shall be determined.
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26.11.1.6 When wires are used to connect a circuit breaker for test, the tightening torque applied to the
circuit breaker terminals shall not exceed the value marked on the circuit breaker.

26.11.1.7 For a circuit breaker with adjustable settings, the test shall be conducted with the adjustments
at the maximum setting.

26.11.1.8 For those circuit breakers that also incorporate equipment ground fault, GFCI, and/or AFCI
functions and are tested for a high capacity interrupting rating(s), the calibration of the additional
functionality shall be conducted after the circuit breaker calibration and trip-out tests. The additional
function(s) shall be tested in accordance with the following as applicable:

a) GFCI —29.2.2.

b) Equipment Ground Fault Protection — 30.2.2.

c) AFC] — Operate the test circuit referenced in Annex B, Ref. No. 24.
26.11.2 Calibration test
26.11.2.1 The calibration test at 200 percent of rated current shall be made as described in[26.2.2.

26.11.3 Other functionality calibration test

o

26.11.3.1 Cglibration of the additional functionality shall be‘conducted as required in 26.11.1.8
26.11.4 Intefrupting test
26.11.4.1 Gg¢neral

26.11.4.1.1 A circuit breaker shall perform-acceptably under the conditions indicated in|26.11.4.1.2 —
26.11.4.1.16.

[N

26.11.4.1.2 The standard interrupting rating currents are limited to those shown in Table 46/1.

26.11.4.1.3 Three-pole circuit’breakers shall be tested on a 3-phase circuit with all load t¢rminals short
circuited.

26.11.4.1.4 Two-pole circuit breakers shall be tested on a single-phase circuit with the Ipad terminals
short circuited] An‘additional two-pole sample shall be tested on a 3-phase circuit if the cir¢uit breaker is
marked “1g — 3™~

26.11.4.1.5 All impedance shall be connected on the line side of the circuit breaker test terminals, except
that low impedance metering shunts shall be permitted to be connected to the load terminals. If coaxial
shunts are used and one is connected on the load side, the outer shell of a single (coaxial) shunt, or the
common connection of the outer shells, if more than one shunt is used, shall be permitted to be grounded
if there is no other ground on the circuit.

26.11.4.1.6 The connection of any limiting impedance and the value of any shunting resistance shall be
in accordance with the requirements of 26.7.24.

26.11.4.1.7 A circuit breaker shall be tested in the smallest enclosure (box and cover) in which it is
intended to be used. Openings shall be permitted in the enclosure if the combined area of all openings
does not exceed 10 percent of the total external enclosure area and if no opening is directly opposite a
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vent in the circuit breaker case. A nonconducting enclosure shall be used if the circuit breaker is marked
as precluding use in a metallic enclosure.

26.11.4.1.8 The test leads shall be sized as indicated in Table 26.16. The line terminal connections shall
be not more than 1.219 m (4 feet) in length except that a greater length shall be permitted if the excess
over 1.219 m (4 feet) per terminal is in the circuit during the test circuit calibration.

Table 26.16
Test Leads
Ampere rating Size of copper test leads®?
relative to frame or
Manner tegted Ampacity group within frame Line | oad®
Maximum Rated Wire R4ted Wire
100 A and above Minimum Rated Wire R4ted Wire
Tested with Ipads - - —
Less than 100 A Maximum Rated Wire Rajed Wire
Minimum Rated Wire® Ra[ed Wire®
Tested under “Bus b Maximum 1 AWGS Rated Wille (2 and 3 pole)
esteg under PUSbar 1 100 A and less Minimum (42.4 mm?) 1 AWG (42.4 mm?)
Conditions (I pole)

@ "Rated Wire" refers to size as specified in Table 6.1. For a circuit breaker rated 1004 or less or that is not markedl for use with

wire sizes of 1/(
wire shall be us

® Circuit breake
¢ A copper bus
4 See 26.11.4.1

or larger, the 60 °C (140 °F) wire shall be used, except that if the<Cirguit breaker is marked "75 °C
bd.

s of frame sizes rated 1600 A or more may be tested with bus\bars of a size shown in Table 26.8.

ar may be substituted for the load leads if the ampacity-is equal to or greater than the required lea

9 and 26.11.4.1.10.

,75°C (167 °F)

[d ampacity.

hkers rated 15 A at 277, 347, 480, or 600 V: 12 AWG (3.3 mm?) wire shall be permitted to be used [nstead of 14

wire.

€ For circuit bre
AWG (2.1 mm?

fSee 26.11.4.1./11 and 26.11.4.1.12.

load terminals
p) brought to a

26.11.4.1.9
of the circuit
common poin

-or multipole circuit breakers and for pairs of single-pole circuit breakers, the
reaker shall be connected together with 254 mm (10 inch) test leads (per pol
|, or brought to a sherting bar of adequate current-carrying capacity.

not more than
aximum of the
j and shall be

26.11.4.1.10

1.219m (4 fe
frame or test
connected to

When testing a’single-pole circuit breaker, the load side test lead shall be
bt) long except that if the circuit breaker rating is less than 100 A and is the m
group within the frame, the rated size wire shall be 254 mm (10 inches) lon
he load supply terminal by 1.219 m (4 feet) of 1 AWG (42.4 mm?) copper wire.

w20 14 4.4 419

= nt o P fiad al ratad-100-A
LALOMLU o opTLUITICU T £V TT1T.77. 1. 14,

rithaot & 0
ANCTT Uidu 1o TaltCcu 1TUvU 7/vari

26.11.4.1.11 a-ciretitbre less shall be
tested additionally under "bus bar conditions." See Table 26.16 for ratings to be tested. The line terminals
of single and multipole circuit breakers, and the load terminals of single pole circuit breakers shall be
connected with a 254 mm (10 inch) long lead of rated wire size. To the ends of each of these leads, 1 AWG

(42.4 mm?) leads, each 1.219 m (4 feet) long, shall be joined for connection to the test terminals.

26.11.4.1.12 If agreeable to all concerned parties, the 254 mm (10 inch) long lead of rated wire size may
be omitted if the circuit breaker is connected to a copper bus bar that is directly connected to the 1 AWG
(42.4 mm?) leads. The bus bar shall have a cross-section greater than or equal to the rated wire and shall
be not longer than 254 mm (10 inches).

26.11.4.1.13 The leads shall enter the test enclosure through a bushed hole, and shall be lashed
together outside of the enclosure to the extent necessary to prevent appreciable motion during the
interrupting test. Where parallel conductors are used, more than one bushed opening may be used if an
equal number of conductors from each phase are run through each opening or equivalent methods, such
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as the use of conduit, shall be permitted. Line and load conductors shall be permitted to enter through
different bushed openings.

26.11.4.1.14 The test enclosure shall be connected through a fuse as indicated in 26.1.27 to the line lead
least likely to arc to the enclosure, or the neutral, if the circuit breakers are rated for a wye-connected
system. The connection shall be made to the load side of the limiting impedance by means of 10 AWG (5.3
mm?) copper wire not more than 1.829 m (6 feet) in length.

26.11.4.1.15 For tests with leads, the circuit shall be closed on the circuit breaker by means of a
switching device, using random closing. After a 2-minute interval, or the time necessary to allow the circuit
breaker to reset, but no more than 1 hour, the circuit breaker shall be closed on the circuit.

26.11.4.1.16 [For tests under "bus bar conditions" the test circuit shall be closed on the-gircuit breaker
using random closing. No other operation is required. See also 26.11.4.1.11.

26.11.4.2 Circuit characteristics

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

26.11.4.2.2 The currents determined as in 26.11.4.2.1 shall be qi0tless than the intendgd interrupting
rating involved.

26.11.4.2.3 The open circuit voltage shall be not less than 100 percent nor more than 105 percent of the
rated voltage for the test being conducted, except that @ higher voltage may be used if agreeable to all
concerned parties.

26.11.4.2.4 The power factor of the test circuit with the required current flowing shall be in accordance

with 26.7.23 a

nd Table 26.14.

26.11.4.25 1
as described i

'he characteristics of ac(circuits and dc circuits recovery voltage and ac decre

n Annex C.

ment shall be

26.11.4.2.6 A circuit breakef intended for use on a dc system, see 26.1.7, shall be testefl with dc and
with the circui{ breaker conhected so that the frame and enclosure will be positive in potential with regard
to the nearest farcing point.

26.11.4.2.7 The.time constant of the test circuit shall not be less than 0.003 seconds fpr currents of
10,000 A or less.and 0.008 seconds for currents greater than 10,000 A.

26.11.4.2.8 The DC open circuit voltage of the circuit shall not be less than 100 % nor more than 105 %
of the rated voltage of the unit under test, except that a higher voltage may be used if agreeable to all
concerned parties.

26.11.4.2.9 Oscillograph recordings, or an equivalent method, shall be used to determine circuit
characteristics. See Annex C.

26.11.5 Trip-out test

26.11.5.1 The trip-out test following the interrupting test shall be made as described in 26.8 except that
the test current shall be 250 percent of rated current.
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26.11.5.2 If the pole under test does not trip within the time indicated in Table 26.3, the current shall be
immediately increased to 400 percent of rated current under which condition the pole under test shall trip
within 2 additional minutes. When a multipole circuit breaker is being tested, this additional 400 percent
test shall be made on only one pole of the multipole circuit breaker.

26.11.5.3 The trip-out test shall not be required for those circuit breaker samples tested under the "bus
bar conditions" of Table 26.16 that are not capable of reestablishing continuity.

26.11.6 Other functionality calibration test

26.11.6.1

Calibration of the additional functionality shall be conducted as required in 26.11.1.8.

26.11.7 Dielectric voltage-withstand test

261171 A
application of

a) Bet
the tri

b) Bety

c) Bet

26.11.7.2 Fg
which the inte
the test poten
than 150 perc

26.11.7.3 Fq
not be possib
cases, tests s
terminals sha

26.11.7.4 Td
conducted in

26.11.8

circuit breaker shall be capable of withstanding for 1 minute without b
a 48 — 62 Hz essentially sinusoidal potential:

ped and off positions;
veen terminals of opposite polarity with the circuit breakér closed; and

veen live parts and the overall enclosure with the.cifcuit breaker both open ang

r circuit breakers rated 600V and less, the test potential shall be twice the vq
rrupting test was conducted but not less thah 900 V. For circuit breakers grea
tial shall be twice the voltage rating ataihich the interrupting test was conduct

r samples that have been subjected to the interrupting test under bus bar co
e to relatch and close the.sample as required for the test of 26.11.7.1 and 26.

reakdown the

veen line and load terminals with the circuit breaker open — that is, with the cifcuit breaker in

closed.

Itage rating at
er than 600 V,
ed but not less

ent of rated voltage. Also, see 26.9 fof-circuit breakers rated for a wye-connected system.

hditions it may
11.7.2. In such

hall be made only under_those conditions possible. An opposite polarity tes
| be made in any case.

determine if a(circuit breaker complies with the requirements in 26.11.7.1, th
bccordancewith 26.9.3.

Interpretation of results

26.11.8.1

t between line

e test shall be

Dlrring performance testing for interrupting ratings, 26.11.1 — 26.11.7. test resul

the conditions described in 26.11.8.2 and 26.11.8.3.

26.11.8.2

"Type A" performance results include the following:

a) Inability of the circuit breaker under test to clear the test circuit;

s may include

b) Inability of a multipole common-trip circuit breaker to open all poles during the interrupting test;

c) Breakage of or holes in the circuit breaker case. See 26.11.8.5;

d) Wel

ding of contacts;

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

f) Inability of more than one pole of a multipole circuit breaker to trip during the trip-out test;
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g) Ground fuse clearing;

h) Dielectric voltage-withstand test breakdown;

i) Inability of a multi-pole circuit breaker that includes a common-trip element to open all poles upon

the tripping of any pole being tested during the trip-out test;

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

26.11.1.8; and

k) Other types of similar results.
26.11.8.3 "Type B" performance results include the following:

a) Burrjed out shunts;

b) Burned out bimetals or heaters;

c) Conglitions that do not permit relatching or reclosing of the circuit breaker;

d) Inabjlity of one pole of a 2-, 3-, or 4-pole circuit breaker to trip daring the trip out tes;

e) Damage to conductor insulation; and

f) Othef types of similar results.
26.11.8.4 Thg inability to relatch, reclose, or otherwise reestablish continuity — such as dug to solid state
components of braid — shall be considered acceptable for circuit breakers which are tested ynder "bus bar
conditions."
26.11.8.5 Hgirline cracks shall be consideréd acceptable but cracks where a portion gf the case is
deflected outward or inward are not acceptable. Any hole or opening in the case caused by the interrupting
test operation|is not acceptable. A crack-that would permit separation of two sections gf the case is
acceptable orlly if the two sections are' caused to maintain their proper relative positionls because of
securing mearns, such as mountingtbolts, cover screws, or the like.
26.11.8.6 If mo test result is_¢lassified as Type A or Type B, the construction shall be ¢onsidered as
meeting the test program for the rating.
26.11.8.7 If gny testresult is classified as Type A, or if more than one test result in any onefinterruption is
classified as Type'B,the construction shall be considered not to meet the requirements of the test program
for the rating.

26.11.8.8

In the event of a single test result classified as Type B, a second sample of the same rating

shall be subjected to the test program. If the second sample performs in the same manner as the original,
the construction shall not be considered as meeting the test program for the rating. If the performance of
the second sample is classified as Type B, but in a manner different than the original sample, a third
sample shall be tested. If the performance of the third sample is classified as Type B, but in a manner
different than the first or second sample, a fourth sample shall be tested. If the performance of the fourth
sample is classified as Type A or B, the construction shall not be considered as meeting the test program.
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27 Current-Limiting Circuit Breakers
271 General

2711 These requirements specify the additional performance criteria that circuit breakers shall comply
with if they are to be identified as current-limiting. A circuit breaker's compliance with these requirements
will, if the interruption and let-through measurements are higher than the prescribed "limited available fault
current” levels, be acceptable at a higher interrupting rating than indicated in Table 26.12, that is, one of
the values given in Table 46.1, without the testing described in 26.11. See 46.7.

27.1.2 Samples for test shall be as described in Table 27.1. Each sample shall be subjected to the
calibration, interrupting and let-through measurement, trip-out and dielectric-voltage withstand tests, in the
order presented. This table assumes that the let-through 1t rating for all circuit breakers of & frame size is
the same. WHhen this is not the case, or when supplementary let-through ratings are assighe¢d at less than
the maximum|voltage rating of the circuit breaker, additional samples and testing aré requir¢d to verify the
other let-throygh ratings.

27.1.3 For ¢ circuit breaker with adjustable settings, the test shall be condugcted with the adjustments at
the maximum|setting.

Table 27.1
Samples Required

Slample Test currents
Maximum currgnt rating (1I,) of frame Maximum IC rating? Intermediate Tlhreshold
Maximum currgnt rating (1) of frame IC at maximum?® voltage rating Intermediate® Threshold®
Maximum currgnt rating (1,) of frame IC at maximum® KVA rating Intermediate® Threshold®
Minimum curreft rating (I,) of frame Maximum*C rating? - -
Intermediate cyrrent rating of frame d d d

NOTES:

1 One sample df each interrupting current(IC) test value, except that a sample may be used for more than one tedt if agreeable to
all concerned parties.

2 Additional samples are required for'tests at a crossover point between two elements. See 27.3.3.

3 Additional samples are reduired for a 2-pole breaker rated single-phase and 3-phase. See 27.3.4.

@ An additional $ample is'required for "bus bar" conditions, per 27.3.7 when the maximum rating of the frame or grpup tested is
100 A or less.

® If maximum 1J rating’applies at maximum voltage rating, only three samples are required.

¢ May be omitted T maximum KVA occurs at the maximum voltage. If the maximum KVA occurs at more than one voltage, neither of
which is at the maximum voltage, the test shall be conducted at the highest voltage for the kVA rating.

4 Intermediate current ratings (1) of interchangeable trip unit frames shall not be required for testing with leads. Intermediate
current ratings (I,) of noninterchangeable trip unit frames may be subjected to test if differences in construction are considered to
appreciably affect the test performance. For 100 A and less frame sizes, where changes are made to, braids, or contacts, samples
representing the maximum rating of each construction shall be selected for testing under bus bar conditions.

27.2 Calibration test
27.2.1 The calibration test at 200 percent of rated current shall be made as described in 26.2.2.
27.3 Interrupting and let-through measurement test

27.3.1 Samples of each circuit breaker type shall interrupt the following prospective currents:
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a) The threshold current minus 20 plus O percent, see 46.7;

b) One

c) Thei

intermediate current level £10 percent, from Table 27.2; and

nterrupting rating minus 0 plus 10 percent.

27.3.2 The intermediate current level shall be the value in Table 27.2 closest to the average of the

threshold and i

nterrupting rating currents.

Table 27.2
Intermediate Test Currents — Amperes

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

27.3.3 Testin
necessary as
incorporates t
the threshold ¢

27.3.4 For th
circuit breaker
breakers shal
phase circuit if
of the frame si

27.3.5 Each
at the highest

27.3.6 Each
The first interr
two-minute int
hour between
circuit, circuit
circuit breake

g at additional points, if not coincident with any of thé-levels described in 2]
dictated by the construction of the circuit breakér.)For example, if the o

urrent — shall be conducted so the results are obtained with each element fundg

e interruption test, 3-pole circuit breakers.shall be tested on a 3-phase circ
s on a single-phase circuit, both with.the load terminals short-circuited. Sing
be tested on a single-phase circuit.“A 2-pole circuit breaker shall also be t
the circuit breaker is marked 1¢,~3@. In the latter case, only the maximum cur
e need be tested.

circuit breaker shall be tested at its rated frequency, or if rated with a range o
requency in the range.

circuit breaker(shall be tested with leads and shall be caused to interrupt th¢
iption shall.be.an "O" operation and the second shall be a "CO" operation. Th
erval, or the-time necessary to allow the circuit breaker to be reset, but not n
the operations. For a 3-pole circuit breaker, or a 2-pole circuit breaker tested
losing.on the "O" operation shall be at random. For a single-pole circuit break
testéd on a single-phase circuit, controlled closing shall be used so as tq

closing or con

act separation angle (on the voltage wave) that results In greatest I2[ let-throug

y.3.1, may be
ircuit breaker
vo elements with a "crossover" point, testing at the. crossover point — which may be below

tioning.

hit and 2-pole

le-pole circuit

ested on a 3-

rent rating (l,)

f frequencies,

circuit twice.
ere shall be a
nore than one
on a 3-phase
br, or a 2-pole

close at the
h.

27.3.7 Each circuit breaker type where the maximum rating of the frame or the group tested is 100 A or
less shall be tested under "bus bar" conditions and shall be caused to interrupt the circuit once, under "O"
operation. Circuit closing shall be at random.

27.3.8 All impedance shall be connected on the line side of the circuit breaker test terminals, except that
low-impedance metering shunts shall be permitted to be connected to the load terminals. If coaxial shunts
are used and one is connected on the load side, the outer shell of a single (coaxial) shunt, or the common
connection of the outer shells, if more than one shunt is used, shall be permitted to be grounded if there is
no other ground on the circuit.

27.3.9 The prospective current shall be determined as described in Annex C with the test-circuit
terminals connected together by a conductor of negligible impedance.
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27.3.10 The open-circuit voltage shall be not less than 100 nor more than 105 percent of the rated
voltage of the circuit breaker for the test being conducted, except that a higher voltage shall be permitted if
agreeable to all concerned parties.

27.3.11 The power factor of the test circuit with the required current flowing shall be as indicated in Table
26.14, except that a lower power factor shall be permitted if agreeable to all concerned parties. Reactive
components of the impedance in the line shall be permitted to be paralleled if of the air core type, but no
reactance shall be connected in parallel with the resistances, except that an air core reactor in any phase
shall be permitted to be shunted by resistance, the volt-ampere loss of which is approximately 0.6 percent
of the reactive volt-amperes in the air-core reactor in that phase.

27.3.12 Each circuit breaker shall be mounted in the smallest metallic enclosure (box and cover) in
which it is intended to be used. Openings shall be permitted in the enclosure if the combiped area of all
openings dogs not exceed 10 percent of the total external enclosure area and if no_©pening is directly
opposite a vept in the circuit breaker case. A nonconducting enclosure shall be used, ifithe [circuit breaker
is marked as precluding use in a metallic enclosure. See 47.1.19.

27.3.13 Thel test leads shall be as indicated in Table 27.3. The line terminal connectionjs shall be not
more than 1.219 m (4 feet) in length, except that a greater length shall'be permitted if the excess over
1.219 m (4 fe¢t) per terminal is in the circuit during the test-circuit calibration.

Table 27.3
Test Leads
Ampere rating Size of copper test leads®®
relative to'frame or
Manner tegted Ampacity group within frame Line Load®
Maximum Rated wire Rated wire
100 A and above Minimum Rated wire Rated wire
Tested with leads
Less than 100 A Maximum Rated wire Rated wire¢
Minimum Rated wire® Rated wire®
Rated wire
Tested under "blus bar 100 A and Jess Maximum 1 AWG (2|and 3 pole)
condition” Minimum (42.4 mm?) 1AWG (42.4 mm?)
(1 pole)f
@ "Rated wire" réfers to size as specified in Table 6.1. For a circuit breaker rated 100 A or less or that is not marked for use with
wire sizes of 1/ or larger, the.60°C (140 °F) wire shall be used.
b Circuit breakefs of framé size rated 1600 A or more shall be permitted to be tested with bus bars of a size shown|in Table 26.8.
¢ A copper bus bar may.be substituted for the load leads if the ampacity is equal to or greater than the required lead ampacity.
4 See 27.3.14 apd'27.3.15.

© For circuit breakers rated 15 A at 277, 347, 480, 600 V, or 650 V or more: 12 AWG (3.3 mm?) wire shall be permitted instead of
14 AWG (2.1 mm?) wire.

fSee 27.3.16.

27.3.14 In both the single-phase (multipole, including single-pole circuit breakers tested in pairs) and 3-
phase tests, the load terminals of the circuit breaker shall be connected together with 254 mm (10-inch)
test leads (per pole) brought to a common point, or brought to a shorting bar of rated current-carrying
capacity.

27.3.15 When testing a single-pole circuit breaker, the load-side test lead shall be not more than 1.219 m
(4 feet) long, except that if the circuit breaker rating is less than 100 A and is the maximum of the frame or
test group within the frame, the rated size wire shall be 254 mm (10 inches) long and shall be connected to
the load supply terminal by 1.219 m (4 feet) of 1 AWG (42.4 mm?) copper wire.
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27.3.16 A circuit breaker that is rated 100 A or less shall be tested under "bus bar" conditions. See Table
27.3 for ratings to be tested. The line terminals of single-pole and multipole circuit breakers, and the load
terminals of single-pole circuit breakers shall be connected with a 254 mm (10 inch) long lead of rated wire
size. To the ends of each of these leads, 1 AWG (42.4 mm?) leads, each 1.219 m (4 feet) long, shall be
joined for connection to the test terminals.

27.3.17 The leads shall enter the test enclosure through a bushed hole and shall be lashed together
outside of the enclosure to the extent necessary to prevent appreciable motion during the interrupting and
let-through measurement tests. Where parallel conductors are used, more than one bushed opening shall
be permitted to be used if an equal number of conductors from each phase are run through each opening.

Equivalent me

thods, such as the use of conduit, shall be permitted.

27.3.18 The
circuit breaker

27319 Am
arc to the end
connection sh
copper wire n
protection and

27.3.20 The
phase circuit
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from the thres|
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current to curr

btallic test enclosure shall be connected through a 30-A fuse to thé-line lead
losure, or the neutral, if the circuit breakers are rated for a wye-eonnected
all be made to the load side of the limiting impedance by means of 10 AV
0 more than 1.829 m (6 feet) in length. The fuse shall .be_acceptable for
have a voltage rating not less than the circuit breaker beingtested.

peak current and 12t let-through — in each phase fora'multipole circuit breaker
- shall not exceed the value specified by thesxmanufacturer (see 46.7) at

rrent and voltage level. In addition, the It let‘thfough at test points at prospd
hold current to the interrupting rating current’shall not exceed the 1%t of a 1/2
bl prospective current (for example where'\the symmetrical prospective current

d under "bus bar" conditions.

let-through 1%t shall be determined from an oscillogram showing a current tra
the circuit by the circuit-breaker. The determination shall be made by the
b (Figure 27.1), the use-of an integrating planimeter, or equivalent methog
equations that use ‘the’ peak let-through of the current and the time from in
ent zero shall notdbe used.

tightening torque applied to any circuit breaker lead terminal shall be as' njarked on the

least likely to
system. The
G (5.3 mm?)
branch-circuit

tested on a 3-
hat particular
ctive currents
cycle wave of
is 100,000 A,

e 83.3 x 10°). The peak current and-#'let-through limits shall not be applicable for circuit

ce during the
application of
. The use of
itiation of the
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Figure 27.1
Application of Simpson's Rule to Current Oscillogram to Obtain Let-Through It

1. Odd numbers of ordinates {n)are to be chosen evenly spaced (at). The more uneven the curve, thel more ordinates.

2. Each ordindte is to be{measured, multiplied by ampere scale (indicated by A in this figure), and sqored.
3. 1%t is calcfloted aS_follows:

2 2 2 2 2 2 2 2 2 2
2O A2 4 02) 4 4@ + 02+ 022 ) + 202 + 1202 )]

=
>

SBO662A
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27.3.22 The time base (in degrees per unit linear measure) shall be determined by averaging the
distance between zero-line crossover points of the voltage wave or a timing wave in which the current
trace is most nearly centered.

27.3.23 The peak line to neutral arc voltage in any phase during the interruption operation shall not
exceed two times the voltage rating, plus 1000 V for any voltage rating.

27.4 Trip-out test

27.4.1 A circuit breaker shall be tested in accordance with requirements of Trip-out test, 26.11.5.

27.5 Dielectric voltage-withstand test

27.5.1 A cirguit breaker shall be tested in accordance with the requirements of Diéelgctric voltage-
withstand test) 26.11.7.

27.6 Interpretation of results

27.6.1 The results shall be evaluated, including additional testing, in,accordance with in{erpretation of
results descrijed in 26.11.8.

28 Instantaneous-Trip Circuit Breakers
28.1 This segtion covers performance requirements for instantaneous-trip circuit breakers.

28.2 The tes}s described in 28.5 — 28.12 cover the;performance features of the instantanepus-trip circuit
breaker and shall be conducted in the enclosure of the combination motor controller or in an ¢nclosure that
is considered {o represent the application in the'gombination motor controller.

28.3 The maximum and minimum current ratings (l,) of each circuit breaker frame size shall be
subjected to the tests described in 28.5+ 28.12 in the order presented. Intermediate ratings fin each frame
size may be s¢lected to represent variations in trip coil and tripping mechanism. Samples selected with the
intermediate ratings shall be subjected to the calibration test only.

28.4 For each representative rating selected, the number of samples to be tested shall be as indicated in

Table 28.1.
Table 28.1
- Numberof Samples
Circuit breaker current rating, amperes Number of samples
0-225 3
226 — 400 2
401 and higher 1

28.5 The maximum, minimum, and one intermediate trip setting for each sample shall be calibrated. The
test current shall be increased, from zero or some value below the trip setting, until the circuit breaker trips.
The rate of increase shall be such that an accurate indication of the trip point can be established. Each
pole shall be calibrated separately three times at each setting. The tripping current shall be within the
range of 80 — 130 percent of the marked tripping current for the trip setting tested.
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28.6 The test method used for the calibration test shall be impulse testing with synchronous closing, or
another method that has been found to give an accurate indication of the trip point.

28.7 The overload, temperature, and endurance tests shall be conducted on the circuit breaker
mechanism in accordance with the requirements in 26.3 — 26.5, using the test sequences shown in Table
26.2. These tests need not be conducted if the circuit breaker is known to comply with all of the test
requirements. The temperature test in 26.4 shall be conducted at the maximum continuous current rating

(In)-

28.8 The calibration test described in 28.5 shall be repeated on samples subjected to overload or

endurance tests or both following these tests.

28.9 An int
26.7. During

the circuit br}aker alone shall be acceptable if no trip coil burnout occurs when subjecti

sample of the
relays, or an ¢

28.10 FolloV
an overload r

passed through each pole separately.

28.11
damaged dur]
the current sh

28.12 Anin
accordance w

The tip-out test is intended to show whether the circuit breaker operating mechar

rrupting test shall be conducted in accordance with the requirements in Inierrupting test,

e interrupting test, burnout of the magnetic-trip coil may occur. Such perform

circuit breaker under the same conditions to the interrupting test withythe inte
quivalent impedance, in series with each pole.

ving the interrupting test, an instantaneous-trip circuit breaker'tested alone o
blay or equivalent shall trip when a current equal to 130 percent of the marke

ng the interrupting tests. Trip-out shall be determined in accordance with 2§
all be permitted to be brought quickly to the-130 percent value.

stantaneous-trip circuit breaker shallobe subjected to a dielectric voltage-wi
ith the requirements in 26.9.

ance in testing
Ng a separate
nhded overload

in series with
J trip setting is

ism has been
.5 except that

hstand test in

29 Circuit Breaker and Ground-Fault Circuit-Interrupters
29.1 General
29.1.1 This |section coverscireuit breaker and ground-fault circuit-interrupters that provifle overcurrent

hal Installation
r127 V ac, 60

protection angl personnel protection against risk of electric shock as required by the Natio
Codes in Annex B, Ref/No:. 1. These devices are rated Class A, single-pole, 120 V ac and/(
Hz, 2-pole, 140/240 \ ac, 60 Hz, and 3-pole, 208Y/120 V ac and/or 220Y/127 V ac.

29.2 Circuif breaker test sequences

29.21 General
29.2.1.1 The selection of samples for circuit breaker tests shall be in accordance with 26.1.2, except as
otherwise noted.

29.2.1.2 The tests indicated in Table 29.1 shall be conducted in the sequence shown, except that at the
option of the manufacturer, Test Sequence X, Y, and Z may be combined for all frame sizes. When
combining X-Y-Z Sequences or Y-Z Sequences, the Interrupting Test, 26.7, in the Y Sequence shall be
omitted.

29.2.1.3 The tests in Table 29.1 shall be performed in accordance with Standard Circuit Breakers,
Section 26 except as modified by the requirements in 29.2.2.1 — 29.4.14.
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Table 29.1
Test Sequences
Fully magnetic and solid-state
trip? and uncompensated thermal
Circuit-breaker type breakers® rated 25 °C or 40 °C®¢ Compensated thermal breakers®
Sequence Sequence
Test Clause X Y z X Y V4

1. 200 percent Calibration at 26.2.2 X X X X X X

25°C (77 °F)
2. 135 percent Calibration at 26.2.3 X X X

25 °C (77 °F)
3. 200 pergent Calibration at 26.2.2 X

40 °C (104 °F)
4, 135 pergent Calibration at 26.2.3 X

40 °C (104 °F)
5. Groundtfault calibration 29.2.2 X X X X X X
6. Overlogd 26.3 X X
7. 100 perfent Calibration at 26.2.4, X X

40 °C (104 °F)in 26.4
8. Temperpture and 100 26.2.4, X X

percent|Calibration at 25 °C 26.4

(77 °F)'
9. Endurance 29.2.3 X X
10. 200 pergent Calibration at 26.6 X X

25°C (47 °F)
1. 135 Perlcent Calibration at 26.6 X X

25°C (17 °F)
12. 135 Pericent Calibration at 26.6 X

40 °C (104 °FYy
13. Interrupting 29.24 XK X XX X
14. 200 Percent Trip-out at 26.8 X X X X

25°C (47 °F)
15. Groundtfault calibration 29.2.5 X X X X X X
16. Dielectrjc voltage-withstand 29.2.6 X X X X X X
X —indicates tes} required,
@ Circuit breakerp whose.automatic operation does not depend on the heating effect of current.
b Circuit breakerp whose automatic operation depends on the heating effect of current and are affected by changed in ambient
temperature.
¢ If the degree of compensation used in a circuit breaker is such that it will not carry rated current at 40 °C (104 °F), it may, at the
option of the manufacturer, be tested as a 25 ° (77 °F) circuit breaker.
4 If a circuit breaker includes any thermal compensation in its tripping mechanism, and if the manufacturer desires to have the
circuit breaker marked "40 °C", it shall be subjected to the tests for a compensated thermal circuit breaker.
¢ Circuit breakers whose automatic operation depends on the heating effect of current, and which incorporate means for
counteracting the effect of change in ambient temperature.
T This test may be performed after the temperature and 100 percent calibration tests at 25 °C (77 °F).
9 Applies only to circuit breakers rated 40 °C (104 °F).
" For uncompensated thermal circuit breakers rated 40 °C (104 °F), the test may be combined with the temperature test if the
ambient temperature is 40 °C (104 °F) during the temperature test.
i Temperature and 100 percent calibration shall be conducted at rated voltage. Circuits that are heated only when there is ground
fault current shall be continuously heated by providing a value of ground fault current just low enough not to cause tripping.

Table 29.1 Continued on Next Page
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Table 29.1 Continued

Circuit-breaker type

Fully magnetic and solid-state
trip? and uncompensated thermal
breakers® rated 25 °C or 40 °C®¢

Compensated thermal breakers®

Test

Clause

Sequence

Sequence

X Y 4

X Y Z

than it was before the endurance test.

of 1 hour.

I May be omitted if the tripping time at 135 percent of rated current in a 25 °C (77 °F) ambient after the endurance test is no more

K Test current shall be in accordance with Table 26.13 and operations shall be O-t-CO, where t is minimum of 2 minutes, maximum

' Test current shall be in accordance with Table 26.12 and operations shall be in accordance with Table 29.2.

29.2.2 Grouynd-fault calibration test

290.2.21

The ground-fault calibration shall be performed on each pole, one at a.time, with the pole under

test connectefd as shown in Figure 29.1. With the line terminals connected to ay60 Hz supply and with the
supply adjusted to rated voltage, the resistance (R) shall be reduced gradually until trippingg occurs. The
ground-fault tfip level is the current, measured in milliamperes, at the time of tripping. The gfound-fault trip
level shall be |n the range from 4.0 to 6.0 mA.
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Figure 29.1

Ground-Fault Calibration

N e—1—o—=

A
> 0|
R
R

N
-
N
N

3 3 4 3
® [ ] [ ] [ ]
A\ Ma )

su0922

N — Neutral
Terminal Designations
1-Line
2 —Line Neutral or Panel Neutral
3 —Load or Load Power
4 — Load Neutral
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29.2.3 Endurance test

29.2.3.1 One-half of the "with current" operations of the endurance test shall be performed as follows:
a) Turn the circuit breaker on;
b) Depress the supervisory (test) switch to cause tripping; and

c¢) Relatch the circuit breaker.

29.2.4 Interrupting tests

29.24.1 Forthe illtcllupﬁng testthenumberof upclatim rs—statte pcl‘funm:d imaccordance with Table
29.2 and the ¢onnecting diagrams shown in Figure 29.2 shall be used. The length of integral leads shall be
reduced to 152 mm (6 inches).

29.2.4.2 Foy the interrupting test during the Y test sequence, the test current shall be as indicated in
Table 26.13 and the connections shall be per Figure 29.2, items A or C, as appropriate.|The test shall
consist of ongd "0O" and one "CQ" operation.

Table 29.2
Z Sequence

Interrupting Test Operations

Circuit breaker Common
. a 1 a
AC voltage Operations on each pole operations Total number
Poles Frame ratings ratings “o" "co" "o" of operations
1 All 120 or 127 B B A 3
2 All 120/240 D D C 5
208Y/120
and/of

3 All 220Y/127 F F E 7

@ Letters indicate diagram in Figure 292
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Figure 29.2

Interrupting Test Connections
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N — Neutral

Z — Limiting Impedance

F — 30 A "ground" Fuse, Enclosure

Terminal Designation

1—Line

2 — Line Neutral or Panel Neutral

3 —Load or Load Power

4 — Load Neutral
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29.2.5 Ground-fault calibration test

29.2.5.1 The ground-fault calibration test in 29.2.2 shall be conducted following the interrupting tests.
The ground-fault trip level shall not be greater than 6.0 mA and not less than 3.5 mA.

29.2.6 Dielectric voltage-withstand test

29.2.6.1 Following the interrupting test, a circuit breaker and ground-fault circuit-interrupter shall be
tested in accordance with 26.9 except as modified by 29.2.6.2.

29.2.6.2 No opposite polarity dielectric voltage-withstand tests shall be performed on single-pole
devices. The i ' i ' Wi een the line
terminals with the contacts open on 2-pole and 3-pole devices. During dielectric withstand tgsts the neutral
terminals andfor lead shall be connected into the test circuit only during the test betweenllivé parts and the
overall encloqure. The neutral terminals shall be considered to be live parts.

29.3 High apailable fault-current circuits

29.3.1 Thesk requirements specify the additional performance requirements with which a|circuit breaker
and ground-fault circuit-interrupter shall comply if it is to be acceptable-with an interrupting rating greater
than 5 kA.

29.3.2 The Belection of samples and the test methods shall be in accordance with 24.11 except as
otherwise noted in 29.3.3 and 29.3.4.

29.3.3 The tests indicated in Table 29.3 shall be conducted in the sequence shown.

Table 29.3
Test Sequence

1. 200-percent current calibration
Ground-fault calibration
Interfupting test

Trip gut

Ground-fault calibration (see 29.2.5.1)

I T

Dielgctric voftage-withstand (see 26.11.7)

29.3.4 For the short-circuit tests, the method of operation shall be as indicated in Table 29.4 and the
connection diagrams shown in Figure 29.2 shall be used.

Table 29.4
Interrupting Operations
Circuit breaker Test with bus bar? Test with leads®
Frame ratings AC voltage rating "o" "o" "co"
All 120 or 127 A A B
All 120/240 C C D

Table 29.4 Continued on Next Page
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Table 29.4 Continued

Circuit breaker

Test with bus bar®

Test with leads?

Frame ratings AC voltage rating "o" "o" "co"
208Y/120 and/or
All 220Y/127 E E F

@ Letters indicate diagram in Figure 29.2.

® Only one pole is required to be tested when the circuit breaker design has been previously evaluated for the interrupting rating.

29.4 Ground-fault circuit-interrupter tests

29.41 The t
accordance W
section.

29.4.2 For the low resistance ground-fault test a sample, which shall be permitted to

untested, shal
under both op
current. The r
and the groun
turning the cir
by the equatio
not exceed th
calculated fror

in which:

Vs the

n the equation:

10 143
T=Jc—
|

psts from Annex B, Ref. No. 11 that are referenced in this section, shall be
ith the requirements of those standards, except as modified by the requirgments in this

closed circuit voltage at'the line terminals of the circuit breaker.

performed in

be previously

be connected to a supply adjusted to the rated voltage, plus.40 percent, mindis 15 percent,
bn and closed circuit conditions. A resistance shall be adjusted to obtain six ti
bsistance shall be connected between each ungrounded conductor load ter
ded conductor of the supply as indicated in Figure 29:3. The current shall &
buit breaker on. The circuit breaker shall operate to'opéen the circuit within the
n, with a plus tolerance of 25 percent if the avetage of ten operations with each pole does
e time specified by the equation. The allowable operating time "T" in sec

mes the rated
minal, in turn,
e initiated by
time specified

bnds shall be
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Figure 29.3

Low Resistance Fault Circuit Connections
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F — 30 A "ground" Fuse, Enclosure
Terminal Designation
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2 —Line Neutral or Panel Neutral
3 —Load or Load Power
4 — Load Neutral
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29.4.3 For the normal temperature test, a previously untested sample shall be tested unenclosed. The
temperature limits of this Standard shall be applied, except for parts of the ground-fault circuit-interrupter
where the temperature limits in Annex B, Ref. No. 11 shall be applied. The circuit breaker shall be
connected to a supply — 120 V or 127 V supply for a single-pole device and 120/240 V or two phases of a
208Y/120 V supply for a 2-pole device, and three phases of a 208Y/120V and/or 220Y/127V supply for a
3-pole device — adjusted to rated voltage. Loads shall be connected to the load terminals that cause the
load conductors, including the neutral conductor, if available, to carry rated current. A resistance adjusted
to draw 3.9 mA shall be connected between one ungrounded load terminal and the grounded supply
terminal. (See Annex B, Ref. No. 11.)

29.4.4 For the operation test, a sample, which may, at the option of the submitter, be previously untested,
shall be connected to a supply adjusted to rated voltage. The circuit breaker shall be switched on and

immediately c
times without
acceptable if,
fault trip level i

29.4.5 Forth

USed (o operate by means of the SUpervisory (test) circuit. This cycle shall. b
intentional delay. The circuit breaker shall operate properly each time)'P
vhen subjected to the ground-fault calibration test at the conclusion of-the tes
s between 4.0 and 6.0 mA.

e resistance to environmental noise test, a sample shall be subjected to the t¢

in Annex B, R¢f. No. 11.

29.4.6 For th
conditioning,
resistance to f]
B, Ref. No. 11
29.4.14).

29.47 The d
Annex B, Ref.

29.4.8 Thelg
breaker and g
and the groun

2949 Forth
Voltage Surge

29.4.10 Forf
connected to
ungrounded ¢

leakage-current measurement, voltage-surge testing, high-resistance
blse tripping, and dielectric voltage-withstand tests (see the requirements speg
which are modified for all ratings by 29.4.7 and.29.4.8 and for multipole devic

uration of the humidity conditioning shall be 168 hours (see the requiremen
No. 11).

akage current shall be measured between metal foil in contact with that portio
round-fault circuit-interrupter-which would protrude through the dead front of
led supply conductor (seeLeakage Current Test specified in Annex B, Ref. No

e voltage surge test, the surge shall be applied to each ungrounded conductg
Test specified in Annex B, Ref. No. 11).

he highresistance ground-fault test, the test shall be performed with the resist
one (ungrounded conductor and repeated with the resistance connected
bnductors for multipole circuit breakers. If it can be determined from tests at

b repeated 24
erformance is
t, the ground-

sts described

e ground-fault test sequence, a previously untested sample shall be subjected to humidity

ground fault,
ified in Annex
bs by 29.4.9 —

s specified in

n of the circuit
the enclosure
L 11).

r, in turn (see
ance R, or R,

to the other
25 °C (77 °F)

that performa

hce’is the same when the resistance is connected to any ungrounded c

pnductor of a

multipole circuit breaker, the remainder of the test sequence may, at the option of the submitter, be
performed with the resistance connected to only one conductor (see Annex B, Ref. No. 11).

29.4.11 In addition to the 85 — 110 percent of line voltage consideration, the absence of power from each
ungrounded conductor of a 120/240 V or absence of power from up to two ungrounded conductors of a
208Y/120 V and/or 220Y/127V circuit breaker, in turn, shall be considered to determine the most adverse
operation (see Annex B, Ref. No. 11).

29.4.12 Loads connected between each ungrounded conductor of a multipole circuit breaker and the
grounded conductor, if available, shall be considered, in turn, as well as loads connected between the
ungrounded conductors (see Annex B, Ref. No. 11).

29.4.13 The grounded neutral test shall be conducted with resistance R, or R, connected to one
ungrounded conductor and repeated with the resistance connected to the other ungrounded conductors of
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a multipole circuit breaker. The test shall also be performed with the value of R, (or R,) set to 500 ohms
(see Annex B, Ref. No. 11).

29.4.14 For the resistance to false tripping test, in addition to the 85 — 110 percent of line voltage
consideration, the absence of power on each ungrounded conductor of a multipole circuit breaker, or two
ungrounded conductors in the case of a 3-pole circuit breaker, in turn, shall be considered. Loads
connected between each ungrounded conductor to the grounded conductor if available, in turn, shall be
considered as well as loads connected between the ungrounded conductors of a multipole circuit breaker
(see Annex B, Ref. No. 11).

30 Circuit Breakers with Equipment Ground-Fault Protection

30.1 Generjl

30.1.1 This |section covers additional requirements for circuit breakers with equipment ground-fault
protection thaf provide overcurrent protection and ground-fault protection of equipment.

30.2 Circuif breaker test sequences
30.2.1 Gengral

30.2.1.1 Representative circuit breakers with equipment ground-fault protection shall be slibjected to the
tests in Table[30.1 in the sequence shown. At the option of the:manufacturer, Test Sequendes X, Y, and Z
may be combpined. When combining X-Y-Z or Y-Z Seguences, the Interrupting test, 26.7, in the Y

Sequence mgy be omitted.

30.2.1.2 Representative circuit breakers with eguipment ground-fault protection shall e selected in
accordance with Table 26.1.

30.2.1.3 The¢ tests in Table 30.1 shall(be performed in accordance with Standard Cincuit Breakers,
Section 26, except as modified by the requirements in this section.

Table 30.1
Test Sequences
Fully magnetic and solid-state
trip? and non-ambient
compensated breakers® rated Ambient compensated
Circuit-breaker type 25 °C or 40 °C% ¢ breakers
Sequence Sequence
Test Clause
X Y z X Y z
1. 200 percent Calibration at 26.2.2 X X X X X
25°C (77 °F)
2. 135 percent Calibration at 26.2.3 X X X
25°C (77 °F)
3. 200 percent Calibration at 26.2.2 X
40 °C (104 °F)
4. 135 percent Calibration at 26.2.3 X
40 °C (104 °F)
5. Ground-fault calibration 30.2.2 X X X X X X

Table 30.1 Continued on Next Page
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Table 30.1 Continued
Fully magnetic and solid-state
trip? and non-ambient
compensated breakers® rated Ambient compensated
Circuit-breaker type 25°C or 40 °C% ¢ breakers
Sequence Sequence
Test Clause
X Y z X Y z
6. Overload 26.3 X X
7. 100 percent Calibration at 26.2.4,26.4 X X
40 °C (104 °F)>*9
8. Temperature and 100 percent | 26.2.4, 26.4 X X
calibratjon at 25 °C (77 °F)"
9. Endurance 30.2.3.1 X )
10. 200 pefcent Calibration at 26.6 X )
25°C (7 °F)
1. 135 pefcent Calibration at 26.6 X b
25°C (f7 °F)
12. 135 pefcent Calibration at 26.6 )
40 °C ([104 °F)!
13. Interrugting 30.2.4.1, X! xk X' XK
30.2.4.2
14. 200 pefcent Trip-out at 25 °C 26.8 X X ) X
(77 °F)
15. Ground-fault calibration 30.2.5.1 X X X X ) X
16. Dielectfic voltage-withstand 30.2.6.1, X X X X ) X
30.2.6.2
— Indicates test required.
@ Circuit breakerp whose automatic operation does not depend on the heating effect of current.
b Circuit breaker$ whose automatic operation dependson the heating effect of current and are affected by changed in ambient
temperature.
¢ If the degree oflcompensation used in a circuit breaker is such that it will not carry rated current at 40 °C (104 °F),|it may, at the
option of the mafufacturer, be tested as.a 25.°C (77 °F) circuit breaker.
4 If a circuit breaker includes any thermal/compensation in its tripping mechanism, and if the manufacturer desires {o have the
circuit breaker mlarked "40 °C", it shall)be subjected to the tests for an ambient compensated circuit breaker.
d® This test may|be performed. after the temperature and 100 percent calibration tests at 25 °C (77 °F).
f Applies only to fircuit breakers rated 40 °C (104 °F).
9 For non-ambiept compensated circuit breakers rated 40 °C (104 °F), the test may be combined with the temperatjire test if the
ambient temperature,is40 °C (104 °F) durlng the temperature test.
" Temperature a Athere is ground

fault current shall be contlnuously heated by prowdlng a value of ground fault currentJust Iow enough not to cause tripping.

' May be omitted if the tripping time at 135 percent of rated current in a 25 °C (77 °F) ambient after the endurance test is no more
than it was before the endurance test.

I Test current shall be per Table 26.13 and operations shall be O-t-CO, where t is minimum of 2 minutes, maximum of 1 hour.
k Test current shall be per Table 26.12 and operations shall be per Table 26.10 or Table 30.2.
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Table 30.2
Z Sequence

Interrupting Test Operations

Common
Operations on each pole operations? Total number of
Circuit breaker type Frame ratings "o" "co" "o" operations
1-pole All B B A 3
2-pole All D D C 5
3-pole, 4 wire All E E F 7
3-pole, 3 wire All G G H 7
NOTE: Letters ihdicate diagram in Figure 30.2.

30.2.2 Groynd-fault calibration test

30.2.2.1 Th¢ ground-fault trip current shall be within £ 15 percent of the marked tripping current. The
ground-fault ¢alibration test shall be performed on each pole, one at a_time, with the pple under test
connected as|shown in Figure 30.1. If a voltage supply is required, the representative circuit breaker shall
be connected to a 60 Hz supply and the supply adjusted to rated/voltage. The resistange (R) shall be
reduced until| tripping occurs. The ground-fault trip current measured at the time of tripping shall be
recorded.
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Figure 30.1
Ground-Fault Trip Level
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N — Neutral
Terminal Designation
1-Line
2 —Line Neutral or Panel Neutral
3 —Load or Load Power
4 — Load Neutral
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30.2.3 Endurance test

30.2.3.1 If the device includes an integral test circuit, 10 percent of the "with current" operations of the
Endurance test, 26.5, is to be performed as follows:

a) Turn the circuit breaker on.
b) Depress the test switch to cause tripping.

c) Relatch the circuit breaker.

30.2.4 Interrupting test

30.2.4.1 Fof the interrupting test, representative circuit breakers with equipment ground 1Iau|t protection
shall be conngcted and tested in accordance with the Interrupting test, 26.7, except. that the device shall
be connected|in accordance with Figure 30.2 and the operations shall be in accordance with{ Table 30.2.

30.2.4.2 Fofthe Y-Sequence Interrupting test, 26.7, the devices are to be connected as dgscribed for the
common opetfjation in 30.2.4.1.
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Figure 30.2
Interrupting Test Connections
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N — Neutral

Z — Limiting Impedance

F — 30 A "ground" Fuse, Enclosure

Terminal Designation

1—Line

2 — Line Neutral or Panel Neutral

3 —Load or Load Power

4 — Load Neutral
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30.2.5 Ground-fault calibration test

30.2.5.1

The ground-fault trip level shall be within £15 percent of the marked tripping current.

30.2.6 Dielectric voltage-withstand test

30.2.6.1

ified by 30.2.6.2.

The ground-fault calibration test in 30.2.2.1 shall be conducted following the interrupting test.

A circuit breaker with equipment ground-fault protection shall be tested in accordance with 26.9,
except as mod

30.2.6.2 Opposite polarity dielectric voltage-withstand tests are not required between terminals to which

electronics a

semblies are connected

30.3 Higha

30.3.1 Thes

vailable fault current circuits tests

e requirements specify the additional performance requirements”for de

intended to b¢ marked with an interrupting rating greater than the value for whieh the device

the Z Sequente Interrupting test, 26.7.
30.3.2 The gelection of representative circuit breakers and the test’methods shall be in adg
High available fault current test sequence, 26.11, except as noted.in 80.3.3 — 30.3.4.

30.3.3 The fests indicated in Table 30.3 are to be performed if the sequence shown.

Table'30.3
Test Sequence

ices that are
was tested in

cordance with

1. 200-percent
2. Ground-fault
3. Interrupting t
4. Trip out (see
5. Ground-fault

urrent calibration (see 26.2.2)
calibration (see 30.2.2.1)

st (see 30.3.4)

P6.11.5)

Calibration (see 30.2.5.1)

30.3.4 For {
connection di

he short-circuit tests, the method of operation shall be as indicated in Table
hgrams'shown in Figure 30.2 shall be used.

Talal 2N A

30.4 and the

1dvic JV.5%

Interrupting Operations

Circuit breaker Test with bus bar? Test with leads?
Frame ratings AC voltage rating "o" "o" "co"
All 120 or 127 A A B
Al 120/240 C C D®
All 208Y/120 and/or 220Y/127 F F E
All 240 H H

3L etters indicate diagram in Figure 30.2.

®Only one pole is required to be tested when the circuit breaker design has been previously evaluated for the interrupting rating.
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30.4 Ground fault protection tests

30.4.1 A representative circuit breaker or circuit breakers shall be subjected to the temperature test and
calibration test requirements in Annex B, Ref. No. 13. The circuit breaker to be tested shall be
representative of the group of devices being considered. If one device cannot be considered as
representative of the group, then sufficient circuit breakers are to be selected to represent the group.

31 Integrally Fused Circuit Breakers, High-Fault Protectors, and High-Fault Modules

31.1 This section covers additional requirements for fused circuit breakers, high-fault protectors, and
fused high-fault modules. High-fault modules without provisions for fuses or high-fault protectors need only
be tested in combination with the associated circuit breaker in Section 26 and as appropriate.

31.2 The selection of samples and test methods shall be in accordance with Standard Cirtuit Breakers,
Section 26, exept as otherwise noted.

31.3 Tests indicated in Table 26.2 and Table 31.1 shall be conducted in the sequence showh. If the circuit
breaker constfuction has previously been found to comply with the test sequence specified |in Table 26.2,
only the "Z" tpst sequence is required for the minimum ampere rating and only the "X'| and "Z" test
sequences arg required for the maximum ampere rating.

Table 31.1
Test Sequence
Circuit breaker
rating, amperes
Test Clause Minimum Maximum
1. 200 pergent calibration 26.2.2 X X
2. Interrupfing tests
A. Crossover (high-fault protectors and fuses)? 31.10 - X
B. (rossover (dummy fuses 6r high-fault protectors)® 31.10 - X
C. MaximumIC 31.13 X X
D. Maximum energy. 31.15 - X
E. 25xamperefating (no less than 1000 A)° Note ¢ - X
3. 250 pergent calibration 26.11.5 X X
Dielectrif voltage-withstand (two times voltage rating, 900 V
4. minimur) 26.11.7 X X
NOTES:

X —Indicates test required.

a"Q" operation conducted slightly above crossover to provide for operation of high-fault protectors or fuses. Cotton indicators shall
be used when crossover current is less than interrupting test current. See 26.7.2.

b With dummy fuses, "O" and "CO" operation, no cotton indicators used.

¢ Applicable only if crossover point is less than "common" interrupting rating current in Table 26.12. Fusible elements shall not
open during tests. "O" and "CO" operation required. No cotton indicators used.

31.4 The tests indicated in Table 31.1 are based on the use of one high-fault protector having specific let-
through characteristics for all ratings in a frame size. If two or more high-fault protectors having different
let-through characteristics are used, all of the above tests shall be conducted on the maximum and
minimum ratings of the circuit breaker associated with each high-fault protector.
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31.5 For the temperature test, temperatures shall not exceed the limits specified in 26.4. In addition,
temperature rises on the high-fault protector or fuse terminals and casings shall not exceed 85 °C (153 °F)
unless the insulating materials are rated for the temperature attained, based on use in 40 °C (104 °F)
ambient.

31.6 The power factors for the tests shall be based on the prescribed current as tabulated in Table 26.14.

31.7 The peak line to neutral arc voltage in any phase during any test from crossover to maximum
interrupting current shall not exceed 3000 V.

31.8 During the interruption tests, the fuses or high-fault protectors shall remain intact, not ignite cotton,

or emit molten metal.

31.9 Eachg
product samp
4. During Tes
shall open du
than the "com

31.10 The ¢
device, of av{
and fuse or

permitted by
shall then be
closing shall i

3111 The"
the circuit bre
the crossover

31.12 Durin
shall clear (fo
this is not the

roup of the following series shall be permitted to be conducted on new unigsts
les: Tests (see Table 31.1) 2A, 2B, and 4; Tests 2E and 4; Tests 2D and.4; Tg
t Sequences X, Y, and Z the high-fault protectors or fuses shall netiopen, e
ring the Z sequence interrupting test for a combination if the cross-over point
mon" interrupting rating current shown in Table 26.12.

ombination of devices shall be caused to interrupt a,circuit, 3-phase for a
ilable current not less than the value determined fromthe intersection of the
nigh-fault protector, clearing time versus current{gurves, under "O" operati
81.11, the circuit breaker with any fuse or high-fauilt protector locations bridged
caused to interrupt this circuit once under "€0©" and once under "O" oper3
e used for all operations. See Table 31.1,.Jests 2A and 2B.

CO" and "O" operations with the fusecr protector locations bridged need not b
aker construction has been successfully evaluated for an interrupting rating at
current.

j the test of 31.10 with Jivefuses or high-fault protectors, the fuses or high-f
I a three phase circuit-at'least two of three; for a single phase circuit at least
case, the current shall-be increased slightly and the test repeated to cause the

fault protectots to clear.

31.13 For T

st 2C of Aable 31.1, the tests on the overall combination shall be conducts

d combination
sts 2C, 3, and
cept that they
current is less

3-phase rated
icircuit breaker
bn. Except as
by a solid bus
ition. Random

e conducted if
least equal to

ault protectors
one of two). If
fuses or high-

d on samples

using high-falilt protectors or fuses that are in the "as received" condition and also on sainple high-fault

protectors or
samples shal

uses:that have been exposed to temperature conditioning, 90 °C (194 °F) for
be.tested not later than 1 hour after removal from the conditioning environme

24 hours. The
nt. New circuit

breakers sha

he pnrmiﬂnd to_he used for the test of conditioned fuse quplpc Qven coq

ditioning shall

not be required on high-fault protectors or fuses with tubing material of ceramic, polyester, glass
melamine, or equivalent nonhygroscopic material when the fuse or high-fault protector uses a sand filler or
no filler.

31.14 The combination of devices shall be caused to interrupt a circuit, 3-phase for a 3-phase rated
device, of rated interrupting capacity — Test 2C — once under "O" operation and once under "CO"
operation. During the "O" operation, start of arcing in any one phase shall be in the range of 60 — 90° on
the voltage wave. If start of arcing is after 90°, with closing at zero, the test shall be considered satisfactory
if additionally conducted:

a) With closing at 90° on the voltage wave, and

b) With closing at 45° on the voltage wave.
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Only one pole of a multipole device shall be subjected to each such operation.

31.15 For Test 2D of Table 31.1, the tests on the overall combination shall be conducted on samples
using high-fault protectors or fuses that are in the "as received" condition and also on sample high-fault
protectors or fuses that have been humidity conditioned, 95 +5 percent relative humidity at 20 — 25 °C (68
— 77 °F) for 5 days. The samples shall be tested not later than 1 hour after removal from the conditioning
environment. New circuit breakers shall be permitted to be used for the test of conditioned fuse samples.

31.16 The combination of devices shall be caused to interrupt a circuit such that the peak current let-
through of the combination is in the range of 70 — 100 percent of the peak value of the symmetrical
component of the alternating current of the circuit under the "O" operation. The closing shall be at zero
degrees on the voltage wave. This operation may be on either a 3-phase circuit with any 1-phase meeting
these conditiohs, or on a single-phase circuit. This operation shall not be required for a fuzﬁ or high-fault
protector that [s satisfactorily evaluated separately. If the circuit breaker impedance or operation interferes
with the performance of this test, the operation shall not be conducted.

31.17 Thec
high-fault mod

pnditions mentioned in 11.13 for investigating an adhesive used in“a high-fay
ule are:

It protector or

a) Oveh conditioning as described in 31.18: and

b) Humidity conditioning as described in 31.19.

31.18 Theo
taken from th

where the teTn

Intermediate t
that attained

current in com
25 or 40 °C (7
shorter or long
agreeable to a

en conditioning in 31.17 shall be conducted for 000 hours. The oven tempe
intersection of a selected temperature-index line in Figure 30.1 with the 1
perature index T is the maximum obServed operating temperature of
bmperature indices shall be interpolated: The maximum observed operating t
when the high-fault protector or fused high-fault module is carrying 100 pe
bination with any circuit breaker in or with which it is to be used and while in
7 or 104 °F) as appropriate. On\the same selected temperature-index line in |

Il concerned parties, if the fime is not less than 300 hours. See also 31.17 — 31

00-hour line,
he adhesive.
bmperature is
rcent of rated
an ambient of

Figure 31.1, a

r})ature shall be

er time at the corresponding higher or lower temperature, respectively, shall e permitted if

20.
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Figure 31.1
Aging Time vs. Aging Temperature for Adhesive
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31.19 The humidity conditioning referred to in 31.17 shall be 5 days in a relative humidity of 93 12
percent at 32.0 £2.0 °C (89.6 £3.6 °F).

31.20 After the conditioning, the high-fault protectors or high-fault module shall be brought to, and tested,
at room temperature and humidity to determine their performance.

32 Adjustable Circuit Breakers

321

32.1.1

General

This section covers additional requirements for adjustable circuit breakers.

32.1.2 The number of samples shall be selected according to the requirements of Table 26)[1.

32.2 Adjust

32.2.1
percent, and 1

A cird

32.2.2 Thet
and Table 26.3

32.2.3 Tests
the minimum
change in the

32.2.4 Ifthe
percent test, a

32.3 Short-t

32.3.1 A cirg
32.3.2 -32.3.4

32.3.2 Thecg
to 90 percent
test shall be af
band, whichey

|00 percent calibration test requirements described in 26.2.2 — 26.2.4.

ble current setting (1)

uit breaker with an adjustable current setting (I;) shall comply with the 200

ip times, based upon the current setting (l,), shall be inr accordance with 26.2

—

percent, 135

.2 and 26.2.3

} for the 135 percent and 200 percent tests.

shall be conducted at both the minimum and maximum current ratings for the
hnd maximum current settings (I,). Intermediate current ratings shall be teste
construction such as different current sensors.

ong-time delay setting is adjustable it shall be set at the minimum delay setti
nd at the maximum delay settingdfor the 135 percent and 200 percent tests.

me delay

uit breaker with a.short-time delay shall comply with the calibration test re
D.

alibration testishall involve testing at two current levels. The first shall be at a
pf the shari-time pickup setting or the minimum of the band, whichever is lesg
a current equal to 100 to 120 percent of the short-time pickup setting or the m
eris.greater.

frame and at
d if there is a

ng for the 100

quirements in

current equal
. The second
bximum of the

32.3.3 The tests shall be conducted on both the maximum and minimum current ratings (l,,) for the frame
and at both the maximum and minimum short-time pickup setting or band for each sample.

32.3.4

at 90 percent and at the maximum delay setting for the test at 100 to 120 percent.

If the short-time delay setting is adjustable, it shall be set at the minimum delay setting for the test

32.3.5 For the test at 90 percent, the trip time shall be not less than the minimum time indicated on the
manufacturer's trip curve for the short-time pickup and short-time delay setting under test. For the 100 to
120 percent test, the trip time shall be within the time indicated on the manufacturer's trip curve for the
short-time pickup and short-time delay setting under test.

32.3.6 Terminal conductors shall be selected from Table 6.1 based upon the current setting (l,) for the
calibration tests in this section.
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324

32.4.1
requirements

Instantaneous pick-up setting

in 26.2.5.

32.5 Ground-fault trip response

32.5.1
requirements

in Annex B, Ref. No. 13.

32.6 Energy-reducing maintenance setting

A circuit breaker that has an instantaneous pick-up setting shall comply with the calibration test

A circuit breaker that includes a ground-fault element shall comply with the calibration

32.6.1 A cir
calibration tes

326.2 Ina
automatic trip

has more tha
and minimum

33 Heating,

33.1 Acircu

34 Remotely-Operated Circuit Breakers

341 Aremd

34.2 Testss

a) The
of the

cuit breaker that includes an energy-reducing maintenance setting shall‘cg
t requirements in 32.6.2 with the setting enabled.

circuit breaker that has an energy-reducing maintenance settingtas’indicate

h one energy-reducing maintenance settings, the test shall be conducted at
settings.

Air Conditioning, and Refrigeration (HACR) Circuit Breakers

mply with the

d in 12.6, the

ping shall be within the range of 80 - 130 percent of the manufacturer spgcified tripping
current. The test shall be conducted using one of the methods specified in\26.2.5.2. If the

icircuit breaker
the maximum

t breaker for group installation applications shall comply with Table 26.1 and Table 26.2.

tely-operated circuit breaker shalhcomply with Table 26.1 and Table 26.2. See

34.2.

remotely-operated circuit breaker shall be used for all ON-OFF and “CO” ope
pperating handle,

¢ first 25 endurance operations shall be conducted at 85 percent of the

hall be additionally conducted on new sample sets with the following variations:

fations instead

Circuit breaker
the operator's

's|rated voltage.

ifion, the circuit

itcuit breaker in

the OFF posmon Itis acceptable for the handle to move to the OFF posmon when the remotely-

operat

ed circuit breaker is moved to the OFF position.

35 Switching Duty (SWD) Rated Circuit Breakers

35.1 A circuit breaker rated 15 or 20 A, 347 V or less and intended to switch fluorescent lighting loads on
a regular basis, see 56.1, shall in addition to other requirements in this Standard be subject to the
endurance and temperature test described in 35.2.

35.2 Additional circuit breakers shall be subjected to a temperature test, 26.4, after 999, 1000, 1001,
2999, 3000, and 3001 operations of endurance, 26.5. Three single-pole circuit breakers, or one pole of
each of three multi-pole circuit breakers shall be tested. The voltage for the endurance test shall be 120,
127, 277, or 347 volts, as appropriate. After the 999th and 2999th operation, each circuit breaker shall be
operated only to close the contacts for the temperature test. At the option of the submitter, the 1000, 1001,
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3000, and 3001 cycles of operation may be performed with supply (full voltage or low-voltage) or without
any supply connected. Except as noted in 35.3 — 35.5, the temperature rises on the line and load terminals
shall be in accordance with 26.4.2.2 and Figure 26.2 and Figure 26.3, and the temperature limit of the
insulating material shall not be exceeded. To determine the temperature of the insulating material, a
thermocouple shall be attached externally on the circuit breaker housing directly opposite the stationary
contact.

35.3 If one temperature reading exceeds permitted limits (during the 999, 1000, 1001, 2999, 3000, or
3001 cycles), the circuit breaker shall be operated for three additional cycles (in addition to those
performed), each cycle followed by measurement of constant temperatures. To be considered acceptable,
all three additional temperature measurements shall be in compliance with the temperature limits.

35.4 If two tgmperature measurements on a single sample or one or more readings on eagh of the three

samples excegd the limits specified, the results shall be considered not acceptable.

35.5 If two feadings, one on each of two samples exceed the limits specified, thiee additional
temperature measurements on each of the two circuit breakers on which excessive tempegratures were
recorded shal| be obtained. To be considered acceptable, all six additional. temperature measurements
shall be in conppliance with the temperature limits.

36 400 Hz Rpted Circuit Breakers

bd to the tests
B 400 +20 Hz

36.1 Except ps specified in 36.2, a circuit breaker, rated for use at 400 Hz, shall be subject
applicable to the type of circuit breaker as indicated in Table-26.2 and shall be tested on
supply. Samplgs shall be selected in accordance with 26.4.:4’and 26.1.2.

36.2 A 400

calibration adj
60 Hz, the tem

Hz rated circuit breaker that is the¢same as a 60 Hz construction, excep
Istment, shall only be subjected to-the calibration test at 400 Hz £20Hz, the o
perature test at 400 Hz £20 Hzyand the dielectric voltage-withstand test at 60

t for possible
erload test at
Hz if all of the

following condjtions are met:

a) Maxjmum ampere rating is 250’amperes or less;
b) Max]jmum voltage rating)is 240 volts or less; and

¢) Short-circuit interrupting rating is not more than one-half of the 60 Hz interrupting rg
case more than 5kA.

ting, butin no

37 Draw-Out Circuit Breakers

37.1 Electrical continuity test

37.1.1 The electrical continuity between the handle of conductive material, as described in 6.5.6, and the
intended enclosure, and between any metal part of a draw-out unit intended to be grounded, as indicated
in Draw-Out Circuit Breakers, Section 17, and the member of the stationary part that is intended to provide
the grounding path, shall meet the requirements of 37.1.2 and 37.1.3.

37.1.2 The electrical continuity shall be such that the resistance does not exceed 0.06 ohm when tested
as specified in 37.1.3.

37.1.3 Compliance with 37.1.2 shall be determined by measuring the voltage when a current of 30 A is
passed between the parts in question. The current shall be derived from a 48 — 62 Hz or dc source, having
an open circuit voltage, preferably not exceeding 30 V. A draw-out unit shall be in any position providing
less than 3.2 mm (1/8 inch) clearance between the disconnect (primary and secondary) and the
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associated live part of the stationary unit. The voltage drop shall be measured between the two parts —
within 150 mm (6 inches) of the stationary member to the farthest point on the draw-out unit — and the

resistance shall be computed therefrom.

37.2 Dielectric voltage-withstand test

37.2.1

The air gap between the circuit breaker terminals and the stationary terminals of a draw-out circuit

breaker shall be capable of withstanding for one minute without breakdown, the application of a 48 — 62 Hz
essentially sinusoidal potential of 1000 V plus twice the rated voltage.

38 Series-Connected Circuit Breakers

38.1

38.1.1 This
having an avd
side of an acg

38.2 Select
38.2.1 The
combination @

each group of

38.2.2 Over

the intermediate interrupting tests. If agreeable to all eoncerned parties, previously tested s3

used.

38.2.3 A fus
fuse or test lin
accordance v
would be not
largest fuse {
necessary to

shall be det¢rmined at the~voltage rating of the fuse. If agreeable to all concerne

determination

Generlll

section covers additional requirements for circuit breakers intended_tobe us

eptable overcurrent protective device.
on of test samples

line-side overcurrent protective device shall be.fthe maximum ampere

subgroup tested shall be as specified in 26.11.

current protective devices in the as-received condition shall be used for the in

e used as the line-side overcurrent protective device shall be a Class CC, @
hiter. Each fuse shall have:such characteristics that, when tested on a single-f
ith the requirements fot_the class of fuse, the peak let-through current I, a
less than the corresponding values specified in Table 38.1, for the ampers
hat can be installed~in the intended fuseholder. To obtain the required valu
Lise a device of-a different class or having a higher current rating (1,,). The valu

may be made at the voltage rating of the series combination.

ed on a circuit

ilable fault current higher than its marked interrupting rating by being-connected on the load

rating for the

onnected in series in the application in which it is tobe used. The load-side cifcuit breaker in

terrupting and
mples may be

,J LR orT
hase circuit in
nd clearing It
e rating of the
es, it may be
es of I’tand |,
d parties, the

Table 38.1
Peak-Let-Through Currents and Clearing It for Fuses
Between threshold and 50
Fuse rating kA 100 kA 200 kA
Amperes Ip x 10° ’tx 103 I, x 10° ’tx 103 I, x 10° ’tx 10°

Class CC Fuses

30 6 7 7.5 7 12 7
Class G Fuses

15 - - 4 3.8 - -

20 - - 5 5 _ _

30 - - 7 7 - —
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Table 38.1 Continued

Between threshold and 50
Fuse rating kA 100 kA 200 kA
Amperes 1,x10° Ptx 103 I,x10° 1%t x 103 I, x10° 2tx 103
60 - - 10.5 25 - -
300-Volt Class T Fuses
30 5 35 7 35 9 35
60 7 15 9 15 12 15
100 9 40 12 40 15 40
200 13 150 16 150 20 150
400 22 550 28 550 35 550
600 29 1000 37 1000 46 1000
800 37 1500 50 1500 65 1500
1200 50 3500 65 3500 80 4000
Class J and 600-Volt Class T Fuses

30 6 7 7.5 7 12 7

60 8 30 10 30 16 30
100 12 60 14 80 20 80
200 16 200 20 300 30 300
400 25 1000 30 1100 45 1100
600 35 2500 45 2500 70 2500
800 50 4000 55 4000 75 4000

Class L Fuses
800 80 10000 80 10000 80 10000
1200 80 12000 80 12000 120 15000
1600 100 22000 100 22000 150 30000
2000 110 35000 120 35000 165 40000
2500 - - 165 75000 180 75000
3000 - - 175 100000 200 100000
4000 £ - 220 150000 250 150000
5000 = - - 350000 300 350000
6000 - — — 350000 350 500000
Class RK5 Fuses®*?

30 1 50 1 50 14 50

60 20 200 21 200 26 200
100 22 500 25 500 32 500
200 32 1600 40 1600 50 2000
400 50 5000 60 5000 75 6000
600 65 10000 80 10000 100 12000

@ The value for a Class RK5 fuse is to be used when a Class RK1 fuse is specified for overcurrent protection.
®|n Canada, Class RK5 fuses are designated as Class R.

38.2.4 A 300 V fuse may only be specified for series combinations with voltage ratings of 120, 127,
120/240, 240, or 277 V.
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38.2.5 Fuses used for tests shall be selected from a lot from which samples have been selected and
calibrated to determine that their 1’t and I, characteristics comply with the prescribed values called for in
38.2.3. Two samples from the lot shall be calibrated if the fuses are of Class CC, G, J, R, or Class T rated
600 amperes or less, and one sample if the fuses are Class L or Class T rated greater than 600 amperes.

38.2.6 If, due to the current versus trip time characteristics of the overcurrent devices involved, devices
used as line-side overcurrent protection do not clear during a test, the devices shall be permitted to be
reused in later tests under either of the following conditions:

a) The devices when retested, do not clear. If the results are acceptable but the devices clear, the
test shall be considered inconclusive and must be repeated.

oFAa o-thatis-te d—+ecorded prior to
the firgt test and is measured again prior to each subsequent test and does not show an increase.
(It may be necessary to allow the devices to cool to room temperature priof fo subsequent
resistgnce measurements.)

38.3 Test procedure

38.3.1 The |ampacity of leads shall be as specified in Table 631. Determination |of test-circuit
characteristicg shall be as specified in Annex C.

38.3.2 Except as specified in 38.3.5 — 38.3.8, each overcurrentprotective device shall be mounted in the
smallest enclpsure with which it is intended to be used, taking into account the required wire bending
space. Openings shall be permitted in any enclosure if the combined area of all the openings does not
exceed 10 pgrcent of the total external enclosure area‘and if no opening is directly oppodite a vent in a
circuit breaker case. The enclosures shall be permitted to be connected by length(s) of gonduit of any
convenient trade size. Except for the final branch.breaker, each lead, from test terminals fo the line-side
overcurrent pfotective devices, shall be not longer than 1.219 m (4 feet) per pole. For the final breaker, the
combined length of both the line- and load-side leads shall be not longer than 1.219 m (4 [feet) per pole.
The leads shall be connected in accordance with Figure 38.1.

38.3.3 If the[required current cannot.be delivered at the reduced voltage rating when testing a single pole
branch breaker, it shall be permifted to use two breakers in the branch position with the voltage doubled. If
this option is Ised, the second branch breaker shall be installed next to the branch breaker in series with a
main or feed¢r breaker asishown in the left side drawing in Figure 38.1. The load termirjals of the two
branch breakers shall be shorted and the line side of the second branch shall be connected directly to the
source termirjal and §hall not be connected through a main or feeder breaker. The maximum conductor
length, A + B { shorting conductor = 1.2 m (4 ft) Max, shall be maintained.
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Figure 38.1
Connections for Tests
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38.3.4 When tested as allowed in 38.3.3, both branch breakers shall be evaluated in accordance with
38.5-38.10.

38.3.5 The series overcurrent protective devices shall be permitted to be mounted within the end-use
equipment that is intended to contain them and that is marked for use with the series combination. The
line-side leads to the equipment and shorted load-side leads for the final breaker shall each be not longer
than 1.219 m (4 feet) per pole. The load-side circuit breaker shall be positioned as closely as possible to
the line-side overcurrent protective device.

38.3.6 Conduit need not be provided between test enclosures, but the enclosures shall be connected by
a 10 AWG (5.3 mm?) solid copper conductor. If conduit is not provided, the conductors outside the
enclosure shall be restrained to prevent whipping during the test.

38.3.7 Fusep used as main devices need not be mounted in an enclosure.

38.3.8 Leadp greater than 1.219 m (4 feet) in length shall be permitted if they were includegd in the circuit
as part of the alibration.

38.3.9 When more than two circuit breakers in series are being considered, each intermediate and load-
side circuit brjeaker that is being evaluated shall be subjected to a,sihgle type "O" and "CO" operation,
followed by g trip-out test, 38.7 and a dielectric voltage-withstand, test, 38.9. This may require several
circuit breakefs of the same rating to be used during the tests{but only the one specified|for evaluation
shall be subjected to trip-out and dielectric voltage-withstand tests.

For example, |if four circuit breakers (A, B, C, and D) with-the following ratings are being tested in series:

Circuit Breaker IGRating Pgsition
Al 100 kKA Line-Side
B 65 kA Intemediate
C 42 kA Inte:lmediate
D 22 kA Loqd-Side

To evaluate thhe A — B — C' D combination for the 100 kA rating, each subgroup shall be gvaluated with
only the circult breakers in‘that subgroup in the circuit for both type "O" and "CO" operationg for the rating

as follows:
Circuit Breaker
Group Evaluation Rating Closed in "CO" Test
A-B 100 kA B
A-B-C 100 kKA C
A-B-C-D 100 kKA D

Following the subgroup evaluation, for groups A— B, A-B - C, and A-B — C - D, circuit breakers B, C,
and D respectively, shall be subjected to a trip-out test, 38.7, and a dielectric voltage-withstand test, 38.9.

During each evaluation (A — B, A — B — C, and so forth), the load-side sample shall be selected in
accordance with 26.11.1.1 — 26.11.1.4.
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38.3.10 A fuse shall be connected between the enclosure or enclosures and the line terminal of the pole
least likely to arc to the enclosure, or the neutral, if the circuit breaker is rated 208Y/120 V, 120/240 V,
480Y/277 V, or 600Y/347 V ac. The connection shall be made to the load side of the limiting impedance by
means of 10 AWG (5.3 mm?) copper wire, not more than 1.829 m (6 feet) in length. The fuse shall be a 30
A nonrenewable type acceptable for branch circuit protection having a voltage rating not less than the
rating of the device and an interrupting rating not less than the available current.

38.3.11 The line neutral terminal shall be connected to the system neutral for any cases where such a
connection is required to provide power to an electronics assembly. See 30.3.4.

38.3.12 For those circuit breakers that also incorporate equipment ground fault, GFCI, and/or AFCI
functions, the calibration of the additional functionality shall be conducted after the circuit breaker
calibration and trip-out tests during the series rating sequence. The ground fault or arc fault functions shall
be tested in gccordance with Section 29 or Section 30 of this Standard or by operating-the test circuit
referenced in Annex B, Ref. No. 24, as applicable.

38.4 Closing test

38.4.1 Randpm closing shall be used in all 3-phase tests. In tests in whieh the circuit is closed on the
combination, fontrolled closing shall be used in single-phase tests o that closing occurs within 10
electrical degrges of the zero point of the supply-voltage wave.

38.5 Interrupting test

38.5.1 The interrupting test shall be conducted in accordance with 26.11.4, except that|the length of
leads and the [test enclosure shall be as specified in 38.3.2 and the tests under "bus bar" cdnditions need
not be conducted.

38.5.2 For Type "O" tests, all overcurrent protective devices shall be fully closed and the tgst circuit shall
be closed on the series combination.

38.5.3 For Type "CO" tests, all of the line-side overcurrent protective devices in the combination being
tested shall bqg fully closed and the-load side (ultimate) circuit breaker shall be closed on the gircuit.

38.6 Intermédiate interrupting test

38.6.1 Except as specified in 38.6.2, a series combination having line-side fuses shall b¢ tested at an
available currént as specified in Table 38.2 at maximum voltage. A dummy fuse shall bge used in the
fuseholder.

Table 38.2
Test Current
Fuse rating Test current
Class of fuse in main amperes amperes, minimum

RK52 200 9,750
RK52 400 19,500
RK52 600 29,250
JorT 400 9,000
JorT 600 13,500

Table 38.2 Continued on Next Page
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Table 38.2 Continued

Fuse rating Test current
Class of fuse in main amperes amperes, minimum
LorT 800 18,000
LorT 1200 27,000
L 1600 42,000
L 2000 52,500
L 2500 75,000
L 3000 90,000
| 4000 120.000
L 5000 150,000
L 6000 180,000

2|n Canada, Cl

hss RKS5 fuses are designated Class R.

38.6.2 The fests shall not be required if the required test current is equal‘to.or less than t

interrupting rg

38.6.3 With
described in 3

ting of the load-side circuit breaker or circuit breakers either individually or in s

regard to 38.6.1, the series combination shall be{subjected to the same
8.5.2 and 38.5.3.

38.6.4 If the

two circuit brI

same operati
circuit breake]
shown that th
evaluated, thi

38.6.5
combination {
except that if
circuit breake

38.6.6 With
determine thz
the next highg

If the line-side overcurrent (protective device is a current-limiting circuit break

akers are being evaluated, or any subgroup of a larger group — shall be suU
ns as described in 38.5.2 and 38.5.3 atthe maximum current level that cause
I to open without also causing the Jie-side circuit breaker to open, except t
e current level is lower than the “interrupting rating of the load-side circuit
5 test shall not be required. See‘38.6.6.

hall be evaluated in_the region below the current-limiting threshold of the lin
it can be shown that the current level is lower than the interrupting rating o
[, this test shall pot-be required.

regard t038.6.4, the maximum current levels shall be in accordance with |
t the maximum current level used is correct, it will also be necessary to cong
r valtie-of current to determine that the line-side circuit breaker opens.

Ihe short-circuit

Bries.

operations as

line-side overcurrent protective device is a-circuit breaker, the series combifation — if only

bjected to the
5 the load-side
nat if it can be
breaker being

er, the series
e-side device,
the load-side

[able 46.1. To
uct the test at

38.7 Trip-outtest

38.7.1

evaluated shall be subjected to a trip-out test as described in 26.11.5.

38.8 Other functionality calibration test

38.8.1 Calib

ration shall be conducted as required in 38.3.12.

38.9 Dielectric voltage-withstand test

38.9.1

evaluated shall be subjected to a dielectric voltage-withstand test as described in 26.11.7.
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38.10 Interpretation of test results
38.10.1 The results shall be evaluated in accordance with 26.11.8. The evaluation criteria of 26.11.8

shall be applied to the combination of series-connected devices tested. For example, when applying the
criteria of 26.11.8.2(a), if only one of the circuit breakers in a combination clears the test circuit but no other
Type A or Type B performance result occurs, the overall results of the test shall be considered acceptable.

39

39.1

40 High-Intensity-Discharge (HID) Type Circuit Breakers

40.1 Acircui
(HID) lighting |
the Endurancs

40.2 Repres
multipole circy

there is a change in contacts in the group of ratings to be covered;”additional represe

breakers will n

40.3 Additionpal circuit breakers are to be subjected to the Temperature Test, 26.4, after 999

2999, 3000 an
Test, 26.5, ex
2999 operati
The 1000, 10
voltage) or wit

and load termpinals shall be in accordance*with 26.4.2.2 and Figure 26.2 and Figure 1

temperature i

insulating material, a thermocouple is~to."be attached externally on the circuit breaker hg

opposite the s

404 Ifone't
3001 cycles),
performed), ez
all three additi

40.5 Iftwotg

Interchangeable-Trip Circuit Breakers

An interchangeabile trip circuit breaker shall comply with Table 26.1 and Table 26.2.

breaker rated 50 A maximum, 480 V or less and intended to switch high=inten
pads on a regular basis, shall in addition to other requirements in this_Standarg
Test, 26.5 and the Temperature Test, 26.4. See also 61.1.

bntative circuit breakers shall consist of three single pole, arone pole of
it breakers of the maximum and minimum ampere ratings of the group to

eed to be tested.

d 3001 operations of endurance. The endurance test shall be in accordance w|
bept that the load shall have a power factérin the range of 45 — 50 %. After
bn, each circuit breaker is to be operated only to close the contacts for the ten
D1, 3000 and 3001 cycles of operation may be performed with supply (full
hout any supply connected. Exceptas noted in 40.4 — 40.6, the temperature ris

sity-discharge
be subject to

pach of three
be covered. If
ntative circuit

), 1000, 1001,
th Endurance
the 999" and
perature test.
oltage or low
es on the line
6.3, and the

mit of the insulating material;shall not be exceeded. To determine the temp

ationary contact.

emperature reading exceeds permitted limits (during the 999, 1000, 1001, 2
the circuit breaker is to be operated for three additional cycles (in add
ch cycle followed by measurement of constant temperatures. To be considere
bnal temperature measurements shall comply with the temperature limits.

mperature measurements on a single circuit breaker or one or more readings

erature of the
using directly

099, 3000, or
tion to those
d acceptable,

bn each of the

tha raciilic ara At SNt

three circuit br

40.6

P2 ro-oaeo a alimita on fiod
ORCTS CACCTCOUtNC TS SPCOmT Ut To SuUnS arc orattC ptaort:

If two readings, one on each of two circuit breakers, exceed the limits specified, three additional

temperature measurements are to be obtained on each of the two circuit breakers on which excessive
temperatures were recorded. To be considered acceptable, all six additional temperature measurements
shall comply with the temperature limits.

41 Circuit BREakers for Use with 16 or 18 AWG Wire

41.1 General

41.1.1 This section covers additional requirements for circuit breakers intended for use with 16 or 18
AWG wire. Circuit breakers intended for use with 16 AWG wire shall be rated 10 A. Circuit breakers
intended for use with 18 AWG wire shall be rated 7 A or less. See also Circuit Breakers for Use with 16 or
18 AWG Wire, Section 63.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 489 2025.pdf

MARCH 7, 2025

NMX-J-266-ANCE-2025 ¢ CSA C22.2 No. 5:25 ¢ UL 489

117

41.2 Circuit breaker test sequences

41.21

41.21.1

General

The selection of samples for circuit breaker tests shall be in accordance with 26.1.2, except as

otherwise noted. Wire used in the tests shall be Type MTW or TEW with or without other Type
designations and provided with a jacket.

41.2.2 Temperature test

41.2.21

A temperature test shall be conducted in accordance with 26.4, except as modified by 41.2.2.2.

41.2.2.2 ThJa line terminals of the circuit breaker shall be connected to the test circuitts

1.219 m (4 ft)

AWG for 10 A

41.2.3 Endu

41.2.3.1
conducted in

of Type MTW copper wire of the size for which the circuit breaker is intended
circuit breakers and 18 AWG for 7 A circuit breakers).

rance test

If the circuit breaker has not met the requirements pursuant 16:26.5, an endurand

hccordance with 26.5 except as modified in 41.2.3.2.

41.2.3.2 The line terminal leads shall be Type MTW copper.wire and shall be 16 AWG f

breakers and

41.2.4 Inter

41241 An

18 AWG for 7 A circuit breakers.
rupting test

interrupting test shall be conducted in‘accordance with 26.7 except as modifie

41.2.4.2 The line terminals of the circuit bfeaker shall be connected to the test circuit termi

erminals using
to be used (16

e test shall be

or 10 A circuit

iin41.2.4.2.

nals using 610

mm (2 ft) of Type MTW copper wire of\the size for which the circuit breaker is intended tp be used (16
AWG for 10 A circuit breakers and 18 AWG for 7 A circuit breakers).

41.3 High apailable fault current test sequence

41.3.1 Testq shall be conducted in accordance with 26.11 except as modified in 41.3.2.

41.3.2 The line terminals of the circuit breaker shall be connected to the test circuit termipals using 610
mm (2 ft) of TypesMTW copper wire of the size for which the circuit breaker is intended tp be used (16
AWG for 10 Alcircuit breakers and 18 AWG for 7 A _circuit hrpnkprc)

41.4 Thermal withstand sequence

41.41 A thermal withstand test shall be conducted as described in 41.4.2 —41.4.4.

41.4.2 The lowest current level at which the circuit breaker will trip instantaneously shall be found.

41.4.3 Current at 5 percent below the instantaneous trip level found in 41.4.2 shall be conducted through
the circuit breaker. The current shall flow until the circuit breaker thermally trips. The wire shall not be
damaged.

41.4.4 The wire used shall be Type MTW of the size for which the circuit breaker is intended (16 AWG for
10 A circuit breakers and 18 AWG for 7 A circuit breakers).
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42 4-Pole Circuit Breakers
42.1 4-pole constructions of the same design as 3-pole constructions shall be permitted to be

represented by 3-pole constructions, except that the 4-pole construction shall be substituted for the 3-pole
construction in Test Sequence Y of Table 26.2.

42.2 4-pole constructions with protected neutrals shall include the neutral pole in the required calibration
and trip-out tests in accordance with Table 26.2, based on its rating.

42.3 The requirements of 26.1.27 and 26.11.4.1.14 shall apply, except that the neutral pole of 4-pole
constructions shall be connected to the enclosure or mounting surface.

43 Joints with Insulators

43.1 Withre

a) The
wide.
diamet

bpect to 6.6.1.12, a clamped joint between two insulators shall be tested using

first sample shall have the clamped joint opened up to produce a<space 1/8

This may be accomplished by loosening the clamping means or by drillir

er hole at the joint between the insulators at a point of minimum spacing betw

parts o
opposi

n the opposite sides of the joint. The drilled hole shall,nébdecrease spacings
e polarity parts as measured through the crack between the insulators.

breakdpwn voltage through this hole shall then be determined by applying a gradua

60 he

voltage (500 volts per second) to 5000 volts rms.or until breakdown occurs.

b) If brgakdown occurs on the first sample, the secand sample with the clamped joint

subjec
clampg

44 CircuitB

441 Circuit
26, and AnneX

45 Special F

451 A speci
26.1 and Table

ed to a gradually increasing 60 hertz voltage to 5000 volts rms and held for 1
d joint is acceptable if there is no dielectric breakdown of the second sample.

reakers and Surge Protective Devices

B, Ref. No. 22.

urpose Not for General Use Circuit Breakers

26.2.

RATINGS

wo samples.

nch (3.2 mm)
g a 1/8 inch
een the metal

between the
he dielectric
lly increasing

ntact shall be
second. The

preakers and surge protective devices shall comply with Standard Circuit Bregkers, Section

al purpose. not for general use circuit breaker shall comply with the requirenmients of Table

46 General

46.1
to be rated for

ac, dc, or both.

46.2 A circuit breaker shall have one or more of the following voltage ratings:

A circuit breaker shall be rated in amperes, volts, and frequency. A circuit breaker shall be permitted

a) DC: 24, 48, 60, 65, 80, 125, 125/250, 160, 200, 200/400, 250, 400, 500, 600, and 650 to 1500

Vdgc, in

50 V increments.

b) AC: 120, 127, 120/240, 208, 208Y/120, 240, 277, 347, 480Y/277, 480, 600Y/347, 600, 650, 690,
and 700 to 1000 Vac in 50 volt increments. In addition, any wye-connected system voltage with the
above mentioned values meets the intent of the requirement.
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46.3 The interrupting rating of a circuit breaker, or a circuit breaker frame with an interchangeable trip
unit shall be the value as prescribed in Table 26.12, "common" for 2- and 3-pole, or one or more of the

values shown

in Table 46.1 that are higher.

Table 46.1
Current-Interrupting Ratings RMS Symmetrical or DC Amperes
7,500 25,000 65,000
10,000 30,000 85,000
14,000 35,000 100,000
18 000 42 000 125 00
20,000 50,000 150,000
22,000 200,000

46.4 The int
to be less tha

46.5
breaker are
appropriate n
or ratings to W

46.6 A current-limiting circuit breaker shall be ratedvadditionally in terms of peak curre

through, toge
let-through sh
Such informa
breaker. The
point shall be

46.7 A currg
either:

a) The

b) 65 t

46.8 Acircu

errupting rating of a circuit breaker frame with an interchangeablejtrip unit sha
n that of the frame in which it is to be used.

not the same, all such interrupting ratings shall be,‘permitted to be incor
arking if each interrupting rating is clearly associated’with the circuit breaker
hich it applies.

her with the frequency related to the let-through values. The rating for peak
all be provided in terms of let-throughrversus prospective current curve, orin {
ion shall be made available by the-manufacturer and shall correlate with the p
et-through for at least the threshold current, interrupting rating current, and on
indicated.

nt-limiting circuit breaker shall have a threshold current rating not more tha

value indicated.in Table 46.2 corresponding to its interrupting-current rating; o

mes the_ maximum current of the circuit breaker frame size.

t breaker with equipment ground-fault protection shall have a ground-fault trip

Il be permitted

If the imterrupting ratings of all ampere ratings of a frame size of-a non-interchangeable trip circuit

porated in an
ampere rating

nt and It let-
current and 1t
abulated form.
articular circuit
e intermediate

n the lesser of

-

evel rating.

Table 46.2
Maximum Threshold Current for Interrupting Rating

Maximum threshold current

Interrupting rating Amperes-rms, symm. or DC
5,000 1,500
7,500 3,000
10,000 5,000
14,000 7,500
18,000 10,000
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Table 46.2 Continued

Maximum threshold current

Interrupting rating Amperes-rms, symm. or DC
20,000 12,000
22,000 14,000
25,000 15,000
30,000 18,000
35,000 20,000
42,000 25,000
45,000 27.000
50,000 30,000
60,000 36,000
65,000 42,000
70,000 45,000
85,000 557000
100,000 65,000
125,000 85,000
150,000 100,000
200,000 130,000

MARKINGS

Advisory Notel: For products intended for use in_Canada, markings shall be in English or in French and
English; caution and warning markings shall be, in French and English. For products intenfled for use in
Mexico, all markings shall be at least in Spanish. For products intended for use in the United States, all
markings shall be at least in English...See Annex D for suitable translations of caution| and warning
markings.

47 General
47.1 Details

4711 Locatjon of ‘required markings shall be in accordance with the "Location Categaries" given in
Table 47.1. See Table 114.1 for location of markings on circuit breaker enclosures.

Table 47.1
Location of Markings Circuit Breaker
Location categories?®
Clause numbers Subject (See notes)
General
4711 Location -
471.2 Type designation B
471.2 Manufacturer's name B
471.2 Voltage rating B

Table 47.1 Continued on Next Page
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Table 47.1 Continued

Location categories®

Clause numbers Subject (See notes)
47.1.2 Frequency B
47.1.4 Durability & legibility _
47.1.8 Ampere rating — more than 100 A B
47.1.9,47.1.10 Ampere rating — 100 A or less
47.1.11-47.1.13 Special characteristics C,F
47.1.14 Line and load B
47.1.15 Factory identification
Position Indication
47.1.16 Open and Closed (On and Off) \
47.1.17 Trip and Reset
47.1.18 Electrical operation (On and Off)
47.1.18 Electrical operation (Trip and Reset)
Terminations
47.21-47.24 CU-AL B
47.2.5,47.2.6 Tightening torque BlC
47.2.7 Maximum wire size G
47.2.8 Multiple-conductor connectors N
60 °C/75 °C (140 °F/167 °F).=400 A max or circuit
47.2.9,47.2.10 breakers not marked for use“with wire sizes of 1/0 or larger B)|C
47.2.11 Separately shipped cofnnectors N
47.2.12 Cable connectiononly B
47.2.13 Bus bar sizes B
47.2.14 90 °C/Aluminum or copper-clad aluminum wire B
47.4.8 Configuration of connections of the terminals B
Interrupting Ratings
47.3.1-47.3.3 Ratings Blc
Special Markings
47.1.19 Nonconducting enclosures N
47.1.20 Ventilated enclosures B
47.1.21 2-pole — 3-phase rated B
47.1.22 Multi-wire circuit B
47.1.23 3-pole — 1 phase rated B
47.4.1 40°C c
47.4.2 Class CTL C
47.4.3 "Delta" — Replacement use only C
47.44-47.45 100 percent continuous rated B,C
47.4.6 Independent trip
47.4.7 Special purpose not for general use
48.1 Current limiting c
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Table 47.1 Continued

Location categories®
Clause numbers Subject (See notes)
491 Instantaneous trip D
54.1 "HACR Type" B
56.1 "SWD" B
57.1 400 Hz B
58.1 Draw-out circuit breaker C
61.1 "HID" B
63.1 16 or 18 AWG c
64.1 4-pole with neutral B
CBI/GFCI
50.1 "Test" function A
50.2 "Class A" marking
50.3,50.4 - Instructions
50.7, 50.8 Terminal identification (o €]
CB/Equipment ground-fault protection
511 Ground-fault trip level/"Equipment ProtectionOnly" B
51.2-51.3 Terminal identification Ct
Fused circuit breakers
52.1 Line and load
52.2 Identification H
52.4 No open fuse tripping
Adjustable
53.1 Instantaneous trip
53.2-53.4 Type A and Type B
Remotely-operated
55.1 "Remately Operated"”
55.2 Equipment label K
Interchangeable Trip Units
60.1 Manufacturer's name K
60.3 Ampere rating B
607 Erame designation & magnetic setting "
60.5 50 Aorless C
Rating plugs
62.2 Current rating
62.3 Frame designation, manufacturer's name, and trip setting
62.4 50 Aorless
Accessories
91.1,91.2 Ratings C
91.3 Shunt trip C
91.4 Separately shipped —
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Table 47.1 Continued

Location categories®
Clause numbers Subject (See notes)
91.5 Separately shipped C
91.6 External dropping resistor C
NOTES

A Marking shall be visible without removing the trim or cover of enclosure.

B Marking shall be visible without disassembling or removing device and shall be visible when the trim or cover of enclosure is
removed, and may be visible with the trim or cover in place.

C Marking may be on any convenient location, except on the rear.

Marking of TTRIPPED" and "RESET" need not be provided if on intended receiving device.
"ON" and "QFF" marking need not be visible on circuit breaker if on electrical operator.
Part replacgment marking need not be visible when removable part is installed.

Marking shall be visible when wire connector is in place.

I @ M m O

Fuse or higlp-fault protector identification shall be visible when cover over fuse or high-fault protector compartmient is removed.

Marking may| be anywhere on the circuit breaker.
J Shipped with circuit breaker.

K Marking negd only be visible after removal of circuit breaker frame cover or eduivalent.

@ At the option df the manufacturer, a higher order of location category may be used. The order of location category is A — K, with A
being the highegt.

—

47.1.2 A cirguit breaker and a circuit breaker frame*shall be marked with the manufactdrer's name or
trademark, o with other means for identifying the ;manufacturer, the electrical rating, and with the type

designation of the equivalent. Location Category.B. The symbols/\/ for AC,—— — for DC, pr”\U for both,
as applicable] shall be used. Additional wording'may be provided.
47.1.3 For recommended symbols apd\abbreviations, see Annex F.

47.1.4 The narking of a circuit breaker shall be durable and legible.

47.1.5 The determination.of-the durability of the marking shall take into consideration the |material used,
the security with which theimarking is attached, and the degree of abuse expected because [of the marking
location.

47.1.6 Ink sfamped marking shall not be easily obliterated.

47.1.7 Paper stickers are not acceptable for the marking of a circuit breaker. A paper label with an
adhesive that has been investigated and found to be acceptable and is not subject to delamination by
moisture or heat shall not be considered a "paper sticker."

47.1.8 The ampere rating of a circuit breaker rated higher than 100 A shall be visible after removal of a
trim or cover. Location Category B.

47.1.9 The ampere rating of a circuit breaker rated 100 amperes or less shall be molded, stamped, or
etched into; ink-stamped onto; or similarly marked on the handle or the escutcheon area of the circuit
breaker so as to be visible without removing the trim or cover of the enclosure. Location Category A. For
handle marking of switches, see 70.4.

47.1.10 If the ampere rating marking is placed on the handle of the circuit breaker, the numerical value
alone shall be considered to be adequate.
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47.1.11 If a circuit breaker has characteristics which may affect adversely its operation under certain
conditions of use, such as that of polarity or position, such characteristics shall be clearly indicated by a
marking on the device. Location Category C.

47.1.12 If the proper operation or installation of a circuit breaker is dependent upon an insulating barrier,
liner, shield, or similar member being mounted on the circuit breaker or elsewhere, a marking on the circuit
breaker shall be provided indicating the need for the barrier and giving all pertinent information, including
its size and location. Location Category C.

47.1.13 Where the proper operation or installation of a circuit breaker is dependent upon a barrier or
similar member that is part of the circuit breaker, such as a terminal cover, a marking shall be provided to
indicate the need for the replacement of this part. Location Category F. The marking shall not be on the
removable part.

47.1.14 Circ
acceptable wi
complies with |

47115 Ifar
circuit breaker
identified as th

47116 Aci
visible with a t
or door. Locati

47117 If a
automatic tripy
breaker has tw
the tripping of
included. See
position and t
the intended r

!

it breakers shall be marked "line" and "load" unless the construction andthe t
th the line and load connections reversed. A frame with interchangeable
b.5.13 is not required to be marked "line" and "load". Location Categery B.

nanufacturer produces or assembles circuit breakers at more'than one factory,
shall have a distinctive marking, which shall be permitted to be in code, by w
e product of a particular factory. Location Category |,

cuit breaker shall indicate clearly whether it is;@pen or closed and such ma
im or cover in place except that when enclosed.it may require the opening of g
pn Category A. For switches see 70.5.

circuit breaker handle has an additional or intermediate position which
ing, that position shall be marked teiindicate that the circuit breaker has trippe
o operating poles, either of which’may trip independently of the other as desg
each pole shall be separately-indicated. Instructions for resetting the circuit br
17.1.18. Location Categories B and E. For switches see 70.5. Marking indicati
e resetting instructions heed not be provided on the circuit breaker if they ar|
ceiving device.

47.1.18 Ifth

position is nof readily visible' when an electrical operator is installed, the electrical operatg
indicate whether the ciredit breaker is in the ON or OFF position and may also indicate if the
is in the tripped positien? Location Categories B and E.

47.1.19 A citcuif breaker not intended for use in a metal enclosure see 26 126 _shs

marking required in 47.1.16 to indicate whether a circuit breaker is in the o

bst results are
trip units that

each finished
hich it may be

rking shall be
hinged cover

t takes upon
d. If the circuit
ribed in 6.5.1,
paker shall be
ng the tripped
e provided on

pen or closed
r shall clearly
circuit breaker

Il be marked

"Suitable for use in a nonconducting enclosure only". Equivalent wording shall be permitted. Location
Category C.

47.1.20 A circuit breaker intended for use only in a ventilated enclosure shall either be marked with the
type number, or equivalent, of the enclosure with which it is to be used or indicate the proper size of the
enclosure and location and size of the ventilating openings. This marking shall be located where it will be
readily visible after installation. See 26.4.2.4 and 95.1. Location Category B.

47.1.21 A 2-pole circuit breaker that has been investigated and found acceptable for controlling a 3-
phase circuit shall be permitted to be marked "1 — 3@". Location Category B.

47.1.22 A 3-pole circuit breaker that is intended for use only on a single phase multiwire circuit (one that
includes the neutral or grounded conductor) shall include in its marked voltage rating the term, “Only for
Use in 1-Phase Circuits” or equivalent. The neutral pole shall be clearly identified. Location Category B.
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47.1.23 A 3-pole circuit breaker shall be permitted to be marked, "Also Suitable For Use In Single Phase
Applications up to V" or the equivalent if tested in accordance with Note d of Table 26.12. The
applicable voltage (240V, 480V, or 600V) shall be specified. The marking shall also indicate the poles to be
used, such as, “Use Outside Poles for Single Phase Applications” or “Use Any Two Poles for Single Phase
Applications”. Location Category C.

47.1.24 240V, 480V, or 600V rated 3-pole circuit breakers, employing one pole for single phase
applications in wye system, and 208Y/120 V, 480Y/277 V, or 600Y/347 V rated circuit breakers, are
permitted to be marked, "Also Suitable For Use In Single Phase Applications up to V", or the

equivalent. The applicable voltage (120V, 277V, or 347V) shall be specified.

47.2 Terminations

47.21
in any require

47.2.2 A cir
aluminum cor
|IALII, |ICU/AL|

47.2.3 A cir|
marked "USH
and found ac
ONLY". Locat

4724 Acir
wire only sha
marking shall

The abbreviation "CU" for the word "copper" and "AL" for the word "aluminum! sh3

d marking.

Cuit breaker with wiring terminals intended and found acceptable: for use wi
ductors shall be marked "Use copper or aluminum wire" or with the abbreviat
, or the equivalent. Location Category B.

cuit breaker with terminals intended and found acceptable for copper wire
COPPER WIRE ONLY" or with the abbreviation<CU ONLY". If the terminal
eptable for aluminum wire only, the marking shaill\be "USE ALUMINUM WIRE
on Category B.

buit breaker with wiring terminals having,a“wire range of 14 — 10 AWG (2.1 —
| be marked "14 — 10 AWG SOLID",¢*14 — 10 AWG SOL.", or with equivalen
be located adjacent to the terminal ‘'and shall be visible after the circuit bre

installed in thg intended manner. Location Category B.

47.2.5 With
values or a
connectors fq
Category B.

47.2.6 Notw
be permitted
Location Cate

regard to the requirements.in 6.4.2.3, a circuit breaker shall be marked to sh
hominal value of tightening torque to be applied to the clamping screws
r field wiring. This-tmarking shall be visible when a front or trim is remg

thstanding,47.2.5, a circuit breaker that is 38.1 mm (1-1/2 inch) wide per po
to havethe marking at any convenient location on the circuit breaker exce

gory-<G:

47.2.7

If thelt

Il be permitted

th copper and
ons "CU", and

only shall be
5 are intended
ONLY" or "AL

5.3 mm?) solid
wording. The
bker has been

ow a range of
of all terminal
ved. Location

e or less shall
bt on the rear.

ala of o Al L not-aeccaptiabhrbheld naovt lorane o and

aroain ot heaoleae vag
tCTrrarsS U o CiTouUrt oTCaikCi v

o hao 4 iZza o
T oAt PtaoTy TTOTU e TICATTTargcroSizC~oomd

ctor than that

required, the circuit breaker or the terminal shall be marked to indicate the maximum wire size. This
marking shall be visible when the connector is in place. See 6.4.2.13. Location Categories C and G.

47.2.8

If a terminal is acceptable for the connection of more than one conductor in the same opening and

is intended for such use, the marking shall indicate the proper connection. Location Category C.

47.2.9 A circuit breaker, circuit breaker frame, or interchangeable trip unit rated 100 A or less or that is
not marked for use with wire sizes of 1/0 or larger, shall be marked as being suitable for 60 °C (140 °F),
75 °C (167 °F) only, or 60/75 °C (140/167 °F) wire, except that if the circuit breaker frame is so marked, the
interchangeable trip unit need not be marked. The degree sign (°) is optional. Location Category B.

47.2.10 A circuit breaker that is 38.1 mm (1-1/2 inch) wide per pole or less shall be permitted to have the
markings specified in 47.2.9 at any convenient location on the circuit breaker except on the rear. Location
Category C.
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47.2.11 If pressure terminal connectors are not provided on a circuit breaker or circuit breaker frame as
shipped, the circuit breaker or circuit breaker frame shall be marked stating which pressure terminal
connectors or component terminal kits are acceptable for use with the circuit breaker or circuit breaker
frame. A wire connector of the type mentioned in the marking may be installed on the circuit breaker or
circuit breaker frame at the factory with instructions, if necessary, to effect proper connection of the
conductor. A terminal kit shall carry a marking identifying the wire size and manufacturer's name or
trademark. Location Category C.

47.2.12 A circuit breaker rated more than 4000 A intended for cable only connections as mentioned in
26.4.1.17 and 26.4.1.18 shall be marked for cable connection only. Location Category B.

47.2.13 When a circuit breaker has been tested using bus bars larger or smaller than those specified in

Table 26.8, it
Category B.

47.2.14 Acin
has a tempera
marked, Locat

a) For
of 75°

shall be marked to show the minimum size bus bar with which it can be u

ture rise on a wiring terminal exceeding 50 °C (90 °F), see 26.4:31 and 26.4

sed. Location

cuit breaker that is intended to be operated continuously at 100 percent of its fating and that

1.3.2, shall be

on Category B:

ise with 90 °C (194 °F) wire and the wire size. The wire size shall be based on
C rated conductors as indicated in Table 6.1.

b) To indicate that wire connectors used shall be identified AL9, CU9AL, or AL9CU,

alumin
breake
47.3 Interru
47.3.1 Acirc

rating or ratin
include the wq
"Maximum RM
not be indicat|
values of volta

47.3.2 Excef

Um or copper-clad aluminum conductors, unless connectors are provided
.

bting ratings

it breaker having an interrupting-+rating other than 5 kA shall be marked with th
gs for which it has been found-acceptable, in accordance with 46.3. The
rds "Interrupting Rating(s)!(r "Current Interrupting Rating(s)", and may inclJ
S Symmetrical", abbreviation thereof, or any portion thereof. An asymmetrig
ed. Where more than ‘one value of voltage is associated with the interrupti
ge shall be shown-with the associated values of current.

t as specified.in 47.3.3 the current-interrupting rating of a circuit breaker sh

where it will b

visible wheh a front or trim is removed. If there is more than one interrupting

on the circuit Qreaker, @l) such ratings shall appear together. Location Category B.

47.3.3 Adcir

the ampacity

if for use with
on the circuit

e interrupting
marking shall
de the words
al rating shall
ng ratings, all

all be located
rating marked

it breaker that is 38.1 mm (1-1/2 inch) wide per pole or less shall be permittq

d to have the

marking at any convenient location on the circuit breaker except on the rear. Locatfion Category C.
47.4 Special markings

47.4.1 A circuit breaker meeting calibration requirements at 40 °C (104 °F) shall be permitted to be
marked "40 C". A circuit breaker frame and interchangeable trip unit meeting calibration requirements at
40 °C shall be permitted to have the trip unit only marked "40 C". An electronic trip circuit breaker is not
affected by ambient temperatures and therefore meets calibration requirements at 40 °C. The marking is
not required for electronic trip breakers, but it is optional. Location Category C.

47.4.2 A circuit breaker that is required to be or is optionally marked to show intended use in Class CTL
assemblies shall be marked "Class CTL" or "CTL". See 6.1.8. This marking is not required to be visible
after installation. Location Category C. A "half-size" circuit breaker intended for use in a lighting or
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appliance branch circuit panelboard shall be marked "Class CTL." A "full-size" circuit breaker intended for
use in a lighting or appliance branch circuit panelboard shall be permitted to be marked "Class CTL."

47.4.3 A delta circuit breaker (a 3-phase, 3-pole circuit breaker having provision for two poles connected
to a bus structure and a third isolated pole) shall be marked "For Replacement Use Only". Location
Category C.

47.4.4 A circuit breaker, having a frame size of 250 A or greater, or a multi-pole type of any ampere
rating rated over 250 V; and intended for continuous operation at 100 percent of rating, shall be marked:
"Suitable for continuous operation at 100 percent of rating only if used in a circuit breaker enclosure Type
(Cat. No.) _ orin a cubicle space by by  mm (inches)". Equivalent wording shall be

permitted. Location Category C. The blanks are to be filled in with the minimum dimensions.

47.4.5 Exce
100 percent o

4746 A 2
or the equival

47.4.7 Circd
marked “Spe

pt as indicated in 47.4.4, a circuit breaker shall not be marked for continusu
f rating.

ole independent trip circuit breaker shall be marked "Independent<Trip", "No (
ent. See 6.5.1 and 46.3. Location Category B.

ial Purpose Not For General Use”. Location Category-C. Instructions shall &

the manufactyirer detailing the applications.

4748 DCg
configuration
shall be inclug
that reads, "H

rcuit breakers that are required to be wired in‘series shall be marked to indig
of connections of the terminals. If there are’ multiple configurations, a sepa
ed with the circuit breaker, and the circuit breaker shall be permanently marke

s operation at

Common Trip",

it breakers having special features limiting their suitability to specific applications shall be

e provided by

ate the proper
ate document
d with wording
n No.

or the proper configuration of connections of the terminals, refer to Publicatic

provided with fthis circuit breaker." Location Category C. The document shall include:

a) Thel manufacturer's name and type.designation or equivalent;

b) Pullication number and date.or equivalent;

c) The|current ratings, voltage rating, number of poles; and

d) A s¢ghematic of each-0f the intended wiring configurations.

48 Current{Limiting Circuit Breakers

48.1 If intendedyfor such use, a circuit breaker that has been investigated and found to cpmply with the
requirements forcurrent=limiting Tircuit breakers—shatt-bemarked " Current=timitimg“—TheTurrent-limiting
symbol in Table F2.1 may also be marked on the device. In addition, the circuit breaker shall be marked
with the rating mentioned in 46.6 or it shall be marked to indicate the source of the information. This
marking shall not be required to be visible after installation. Location Category C.

49 Instantaneous-Trip Circuit Breakers

49.1 Instantaneous-trip settings on an instantaneous trip circuit breaker shall be marked on the circuit
breaker, and designations in code shall be permitted. Location Category D.

49.2 An instantaneous-trip circuit breaker shall not be marked with an interrupting rating in accordance
with 47.3.1.
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50 Circuit Breaker and Ground-Fault Circuit-Interrupters

50.1

be marked "Test" to identify its function. Location Category A.

50.2 ACB/G

FCI shall be marked Class A. Location Category C.

The supervisory (test) switch of a circuit breaker and ground-fault circuit-interrupter (CB/GFCI) shall

50.3 CB/GFClI instructions shall be provided for correct operation of the supervisory (test) circuit, and the
need to test monthly. Location Category J.

50.4 There shall be packaged with each CB/GFCI instructions to guide the installer. Location Category J.

50.5 Users ¢f a CB/GFCI shall be informed that they are not protected in the event.thg
contact more than one conductor of a circuit. This information need only be in the literaturé g
the device. Logation Category J.

50.6

Information provided with a device intended to control a 120/240 V single“phase, 3-w

120/208 V cirquit derived from a 3-phase, 4-wire supply shall include the following notice or

— Location Ca
dryers whose
connected to t

50.7 At least
multipole CB/
breaker. Locat

50.8 Termina
identified by th
color. The cold

egory J: "To obtain maximum protection against electric shock, electric range
frames are grounded by connection to the grounded“circuit conductor s
he load circuit of this device".

three of the four terminals of a single-pole CB/GFCI and all but one of the
5FCI shall be identified. This marking shall,be permitted to be on the side
on Categories C and G.

Is of a CB/GFCI intended to be eonnected to the grounded circuit condy

t they should
ackaged with

ire circuit or a
he equivalent
s and clothes
hould not be

erminals of a
of the circuit

ctor shall be

e color white. The identification of other terminals shall be a readily distinguishable different

r green shall not be used. Location Categories C and G.
reakers with Equipment Ground-Fault Protection

breaker with equipment ground-fault protection shall be marked as follows:

its ground-fault'trip level in mA where visible after installation. Location Categq

b) With the follewing wording or an equivalent abbreviation thereof on the front

I "Equipment Protection Only." Location Category B.

ry B.

of the circuit

thvoa af tha fa vt ale ~AFfF 5 AN\ ~Apr 497 \/ protad Al Hhraolear ith =~

51 CircuitB
51.1 Acircui
a) With
breake
51.2 Atleast

a H ST WH a Or AL ao
T CC U thNCTouUT (Crials oTra Zz0- v Ol 1TZ1 v raltcU onoat oTrCanrTirvitaT Yot

ment ground-

fault protection and all but one of the terminals of a multipole circuit breaker with equipment ground-fault
protection shall be identified. This marking shall be permitted to be on the side of the circuit breaker.
Location Categories C and G.

51.3 Terminals of a circuit breaker with equipment ground-fault protection intended to be connected to
the grounded circuit conductor shall be identified by the color white. The identification of other terminals
shall be a readily distinguishable different color. The color green shall not be used. Location Categories C
and G.

52 Integrally Fused Circuit Breakers and High Fault Protectors

52.1 A fused circuit breaker shall be marked "line" and "load", with the "load" marking on the same side
of the contacts as the fuses or high-fault protectors. Location Category B.
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52.2 A fused circuit breaker or fused high-fault module shall be marked to indicate, by specific catalogue
numbers or the equivalent, the fuses or high-fault protectors that have been found by investigation to be
acceptable for use therein. The marking shall be visible when the cover over the fuse or high-fault
protector compartment is removed. Location Category H.

52.3 An accessory high-fault protector shall be marked to indicate the specific type number or equivalent
of the circuit breakers with which it is intended to be used.

52.4 An integrally fused circuit breaker that does not automatically trip by signal, other than main current
let-through, from fuses or high-fault protectors upon the clearing of one or more fuses or high-fault
protectors shall be marked "OPEN FUSE TRIPPING NOT PROVIDED" or an equivalent wording. See

11.3. Location Category B.

53 Adjustalle Circuit Breakers

53.1 A circu
indicate at led
or as a perce
permitted to b

53.2 A Typg A adjustable circuit breaker shall be marked witfh a single ampere ra

percentage (
adjustment se

53.3 AType
which it is set

53.4 Each ¢
defined settin

53.5 Acircu
the following
Protection On

54 Heating,

541 Acircu

it breaker that has an adjustable instantaneous means for tripping shall
st the rating of the minimum and maximum settings. This markingsshall either
htage of the ampacity. Where an interchangeable trip unit is provided, this m
e on the trip unit. Location Category K.

br other similar) markings, or with distinct currefit markings for each conti
tting. See 12.5. Location Category B.

B adjustable circuit breaker shall have provision for being marked with the an
and shall show this as the rating when so'set. See 12.4. Location Category B.

ontrol of an adjustable circuit breaker shall be plainly marked as to its effe
j points. Location Category B.

t breaker that has an adjustable ground-fault function shall be permitted to b
vording or an equivalent abbreviation thereof, on the front of the circuit break
ly". Location Category'B.

Air Conditioning, and Refrigeration (HACR) Circuit Breakers

t breaker)intended for group installation may be marked "HACR Type" or "HA

be marked to
be in amperes
arking shall be

ing, and with
nuous current

hpere rating to

ct, with clearly

e marked with

br, "Equipment

CR". Location

Category B.

55 Remotely-Operated Circuit Breakers

55.1 A remotely-operated circuit breaker shall be marked, "Remotely Operated". Location Category B.
55.2 A remotely-operated circuit breaker shall be furnished with a separate label marked "Remotely-
operated circuit breakers installed in this equipment" and instructions for attaching the label to the
equipment. The instructions shall indicate that the separate label shall be visible after attachment without
removing the equipment trim or cover. Location Category K.

55.3 Installation instructions shall be provided with the circuit breaker identifying any Class 2 remotely-
operated circuit and indicating the necessity to separate the Class 2 circuits from electric light, power and
Class 1 circuits.
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56 Switching Duty (SWD) Rated Circuit Breakers

56.1

A circuit breaker intended to switch fluorescent lighting loads on a regular basis and complying with

Switching Duty (SWD) Rated Circuit Breakers, Section 35 shall be marked "SWD". Location Category B.

57 400 Hz Rated Circuit Breakers

57.1

A circuit breaker rated 400 Hz shall be marked "400 Hz". Location Category B.

58 Draw-Out Circuit Breakers

58.1 A draw

out circuit hraakar chall ha markad with tho catalaoa ~nimmhar of thg raoo
tH—EH-GtH R ak8—SHar—o 8—Ha e a—WHr—o—Gataho g—huipet —te—

iving device.

Location Cate

59 Series-C

59.1 The intg
line-side overd

59.2 The int

circuit breakef
interrupting rating.

60

60.1
a) The
b) The
c) The
d) The
provide

60.2 Notwith

Interchanpgeable-Trip Circuit Breakers

An intefchangeable-trip unit shall be marked with the following:

jory C.
bnnected Circuit Breakers

rrupting rating of a series combination shall not exceed the marked interruptin
urrent protective device.

shall be permitted to be marked to refer to a~drawing or the like that

manufacturer's name or trademark;
rating in amperes;

frame or frames for whichit is intended; and

d as part of the.circuit breaker marking.

standing-60.1, the marking indicating the frame or frames for which it is inter

be provided if
frame design

he instructions provided with the trip unit instruct the user on the proper use of

g rating of the

errupting rating of a series combination shall not be fmarked on any circuit breaker, but a

contains the

minimum and maximum settings of the adjustable magnetic means for tifipping unless

ded need not
the trip unit —

ionnor'designations and the like. The rated current |, and the current setting |,

for adjustable

trip units shall be-marked or displayed on the trip unit. The current setting may be marked in gmperes or as

a multiple of the rated current. Means shall be available to read the display regardless of the state or

status of the ci

rcuit breaker (i.e., closed or opened).

60.3 The current rating (l,) shall be visible when a trim or cover is removed. The numerical value alone
shall be considered acceptable if the word amperes, or abbreviation thereof appears on the cover adjacent

to the trip unit

numerical value of rating. Location Category B.

60.4 The marking of the frame designation, the manufacturer's name, and the adjustable magnetic trip

setting need o

nly be visible after removing the frame cover. Location Category K.

60.5 An interchangeable trip unit rated at 50 A or less shall be clearly marked "NOT FOR USE IN
DWELLING UNITS". Location Category C.
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60.6 The interrupting ratings of all the circuit breaker frames with interchangeable trip units shall be
marked on the circuit breaker frame. Each interrupting rating shall be clearly associated with the current
rating (I,,) of the trip unit. Interrupting ratings shall not be marked on interchangeable trip units.

61 High-Intensity-Discharge (HID) Type Circuit Breakers

61.1

A circuit breaker intended to switch HID lighting loads on a regular basis and complying with

Performance — HID Type Circuit Breakers, Section 40 may be marked "HID". Location Category B.

62 Rating Plugs

62.1
the frame for
for tripping n

62.2 The current rating (I,,) shall be visible when a trim or cover is removed. The’numerid
shall be considered acceptable if the word amperes, or abbreviation thereof appears on the
to the trip unifjnumerical value of rating. Location Category B.

62.3 The marking of the frame designation, the manufacturer's name; and the adjustablg
setting need gnly be visible after removing the rating plug. Location Category K.

62.4 A circujt breaker or an interchangeable trip unit that may accept a rating plug rated
shall be clearly marked "NOT FOR USE IN DWELLING UNITS". Location Category C.

62.5 The inferrupting ratings of all the circuit breaker frames with rating plugs shall be

circuit breakef frame. Each interrupting rating shallkbe clearly associated with the current rx

rating plug. Inferrupting ratings shall not be marked on rating plugs.
63 Circuit Breakers for Use with 16 ori18 AWG Wire

63.1 A circujt breaker having a rating less than 15 A that has been found to comply with thq
of Section 41|shall be marked as,intended for use with 16 or 18 AWG wire as appropriate (
A circuit breakers and 18 AWG for 7 A circuit breakers). Location Category C.

64 4-Pole Circuit Breakers

64.1 A 4-pdle circuit breaker shall have the fourth (neutral) pole marked “Protection

amperes and
bgnetic means

al value alone
cover adjacent

magnetic trip

ht 50 A or less

arked on the

ing (I,,) of the

e requirements
6 AWG for 10

% 1. The

percentage indicated shall be any value 0 through 100 inclusive. Location Category B.

MOLDED CASE SWITCHES
CONSTRUCTION

65 All types

65.1 General
65.1.1 The general details of a switch shall comply with 6.1.1 — 6.1.6.
65.2 Corrosion protection

65.2.1 The corrosion protection of a switch shall comply with Corrosion Protection, 6.2.
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65.3 Cases — Insulating material
65.3.1 Insulating material of a switch shall comply with Cases — Insulating Material, 6.3.

65.4 Current-carrying parts

65.4.1

65.4.1.1 The

General

general details of a switch shall comply with General, 6.4.1.

65.4.2 Terminals

65.4.2.1 The

65.4.3 Wirin

65.4.3.1 The

65.5 Operat

65.5.1 Theo

65.5.2 If an
Access to an
interfering wit

the switch is i
mechanism or

65.5.3 Any 1
breaking or re
indicator, but S

65.5.4 An er

!

terminals of a switch shall comply with Terminals, 6.4.2.

g leads

wiring leads of a switch shall comply with Field Wiring Condugtors, 6.4.3.
ng mechanism

perating mechanism of a switch shall comply with 6254 — 6.5.6

instantaneous response release mechanism\is provided, it shall be prese
internal mechanism with an instantaneous¥ésponse release and tampering
the mechanism shall require dismantling-of the switch or the breaking of a

tended to have field installed accesseéries, the seal shall be permitted to be

ly.

neans for sealing a switch with an instantaneous release mechanism shall
moving it shall be plainly“evident. Paper or cloth shall be permitted to be u
hall not be used as a means for holding parts together.

closed fused molded case switch shall include an interlock that will prevent

fuses unless the switch is in the’OFF position.

65.5.5 The b

ade or ferrule of a fuse shall not be used as a switch contact.

65.6 Spacin

[ and sealed.
, changing or
seal, except if
n the release

be such that
sed as a seal

access to the

PS

65.6.1

The spacings of a switch shall comply with Spacings, 6.6.

66 Draw-Out Switches

66.1

Draw-out switches shall comply with Draw-Out Circuit Breakers, Section 17.

PERFORMANCE
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67 General
67.1 Details

67.1.1 Switches shall comply with the general performance requirements of 26.1.14 — 26.1.23 and the
additional general requirements of Section 67.

67.1.2 Except as specified in 67.1.3, the performance of a switch shall be investigated by subjecting
representative sets of samples in commercial form to the applicable tests indicated in Table 67.1. The test
sequence for Tests 1 — 4 shall be as specified in Table 67.1. No conditioning of the switch shall take place
during or between tests. During the test program a switch shall be mounted in a vertical position that would
normally cause_the line terminals to be at the top. Sets of samples shall be constituted as indicated in
67.1.2. Separate samples shall be permitted for the remaining tests as indicated in the degcription of the
tests.

Table 67.1
Tests

Test Section
1. Temperatufe 67.2
2. Overload 67.3
3.  Endurance] 67.4
4. Dielectric oltage-withstand 67.5
5. Short circult current withstand 67.7.2
6. Mechanicg 67.6.1
7. Electrical cpntinuity 68.2
8. Power levdl determination 67.6.4
9. Contact opening?® 67.7.6

NOTE: Only 1 {4 are to be conducted in sequen¢e and in the order given on the same set of samples.

@ See 67.1.10 apd 67.1.11.

Table 67.2
Sets of Samples

Ampere rating Samples per set?

0-—225 3or4;see 26.1.23
226 - 400 2
401 and higher 1

2 |f a switch is not marked "line" and "load", one sample is to be tested with reversed line and load connections or an additional
sample of each test set shall be provided. When only one sample constitutes a test set for operating tests, a second sample is
required for reversed line-load connection tests. For reversed line-load connections see 67.1.9.

67.1.3 A switch that is identical to a molded-case circuit breaker that complies with the requirements for
circuit breakers in this Standard, and that the release element is either omitted or made inactive, except for
an instantaneous release mechanism, shall only be tested as indicated in Withstand Test, 67.7.

67.1.4 The investigation of a switch shall require complete testing of sets of the maximum rating only,
unless basic design differences are present. If the frame size includes ampere ratings of 125 A or less, but
more than 30 A, that are to be marked for use with 75 °C (167 °F) wire, ratings shall be selected for the
Overload and Temperature Tests based on the use of 75 °C wire (167 °F). In selecting the rating(s) for test,
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consideration should be given to the relative heat dissipating effect of the 60 °C (140 °F) versus 75 °C
(167 °F) wire size for the particular ampere rating.

67.1.5 If the marked rating of a switch includes both alternating and direct current, or if the marked rating
does not exclude one or the other, the acceptability of the use of both ratings shall be determined. The ac
rating shall be verified by the test program described in 67.1.2. To verify the dc rating, it will ordinarily be
necessary only to additionally subject a previously untested sample set that has the maximum ampere
rating of the frame size, to:

a) Overload and endurance tests with dc; and

b) Dielectric voltage-withstand tests with ac.

67.1.6 A 2-pole switch that has an additional marking to indicate that it may be used)pn a 3-phase
corner-groundged, delta circuit shall be caused to control 3-phase test circuits during‘\the [overload and
endurance tests. See 47.1.21.

67.1.7 In thg overload, endurance, and short-circuit withstand tests, a switch shall be mpounted in an
enclosure in agcordance with the requirements of 26.1.25.

67.1.8 In the|overload, endurance, and short-circuit withstand tests;.a fuse, as specified in[26.1.26, shall
be connected ps shown in Figure 26.6 and Figure 67.1 to indicate-arc'over.
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Figure 67.1
Circuit for Withstand and Closing Tests

3-PHASE 1-PHASE

JII T

A o
wn ()
A o
wn (@]
) o
wn (]
A o
wn (@]

SB162 _l_

X — Variable tap air-core reactor

R — Variable resistor

SW — Closing switch — may be located as shown or ahead of limiting impedance
F — Enclosure fuse

D — Device under test

Rs — Coaxial shunts for metering current

OC — Current-limiting fuses or circuit breakers used during test
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67.1.9 If a switch is not marked "line" and "load", one sample of each set tested, or one additional
sample, shall be connected with the line and load connections reversed during the overload and
endurance tests. When an additional sample is used, it shall also be subjected to the dielectric voltage-
withstand test.

67.1.10 An electrically tripped switch intended and marked for use as a disconnecting device in
conjunction with Class 1 ground-fault sensing and relaying equipment shall have means to prevent
automatic opening (lockout) if the current in any phase exceeds 850 percent of the switch ampere rating
unless tested in accordance with Item 4 of Table 67.3.

Table 67.3
Circuit-Opening — Current Multiplier
Item Type of switch Test current
1 E}ectrically tripped 10 timgs rated
2 Ejectrically tripped — for use with Class Il ground-fault sensing and relaying 10 timgs rated
efjuipment
3 E}ectrically tripped — with integral lockout (see 67.1.10) — for use with Class,| 10 timgs rated
gfound-fault sensing and relaying equipment
4 E]ectrically tripped — without integral lockout (see 67.1.10) — for use with Class | 10 timgs rated
gfound-fault sensing and relaying equipment

67.1.11 A switch which includes a shunt release (electrically-tripped) shall be tested in acgordance with
67.7.6.

67.2 Temperature test

67.2.1 Except as specified in 67.2.6, the témperature test requirements of 26.4.1.4 — 24.4.2.4, 26.4.4
and the additignal requirements of 67.2.2 —67.2.3 shall apply to switches.

67.2.2 A swikch shall be installed and operated in the smallest enclosure in which it is iltended to be
used until constant temperaturestare obtained. Ventilation openings shall be permitted in ¢nclosures for
switches rated 400 A or more,

67.2.3 For the test, thetemperature of the ambient air shall be within a range of 10 — 40 °C [50 — 104 °F).

67.2.4 Except as Specified in 67.2.5, a fused molded-case switch shall be tested using ddmmy fuses in
place of regulgr.fuses.

67.2.5 A fused molded-case switch employing Class T or L fuses or 400 or 600 A Class J fuses shall be
tested with fuses in place and while carrying 80 percent of its rated current.

67.2.6 Switches with a frame size rated 250 A or more or a multi-pole type of any ampere rating and
rated higher than 250 V may have a temperature rise in accordance with 67.2.7 when tested in
accordance with 26.4.3 and marked in accordance with 70.21.

67.2.7 The temperature rises where connections are made to external bus bars, when bus bars are
used; or on a wiring terminal at a point to which the insulation of a wire is brought up as in actual service
when tested with insulated wire shall not exceed 60 °C (108 °F), if marked in accordance with 70.21. The
marking shall be permitted to indicate only specific current ratings (l,) if a rating less than the frame rating
does not exceed the 50 °C (90 °F) temperature rise.
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67.3 Overload test

67.3.1 A switch shall be capable of performing successfully when operated under the overload
conditions of Overload test, 26.3.

67.3.2 A fused molded case switch shall be tested using dummy fuses in place of regular fuses.
67.4 Endurance test

67.4.1 A switch shall be capable of performing successfully when operated under the conditions of
Endurance test, 26.5.

67.5 Dielectric voltage-withstand test

67.5.1 A switch shall be capable of performing successfully when tested undef the| conditions of
Dielectric voltage-withstand test, 26.9.

67.6 Miscellaneous tests

67.6.1 Mechanical test

67.6.1.1 Swjtches shall comply with the mechanical test requirements of 26.10.1.
67.6.2 Barrier and liner test

67.6.2.1 A RQarrier or liner less than 0.71 mm (0.828 inch) thick used in accordance with(6.6.1.10 shall
comply with the requirements of 26.10.2.

67.6.3 Conflormal coating test
67.6.3.1 Copformal coatings shall be judged in accordance with the requirements of 26.10{3.
67.6.4 Power level determination test

67.6.4.1 The power level of the secondary winding of a transformer shall be determined [and limited as
specified in 26.10.4.

67.7 WithstFnd test

67.7.1 General

67.7.1.1 To determine if a switch complies with the requirements for short-circuit current withstand, low-
level dielectric voltage-withstand, and closing, a representative sample of each ampere rating shall be
subjected to the applicable tests indicated in Table 67.4. A switch marked with two or more short-circuit
ratings shall be tested at each rating, unless a test at any one rating is representative of the performance
at the other ratings. See 69.2 and 70.7 — 70.11. Oscillograph recordings, or an equivalent method, shall be
used to determine circuit characteristics. See Annex C.
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Table 67.4
Short-Circuit Current Withstand Tests

Maximum specified overcurrent Instantaneous release
Short circuit rating protection ampere rating mechanism in switch Notes
10 kA or less Not more than switch With a
10 kA or less Not more than switch Without -
10 kA or less More than switch With a
10 kA or less More than switch Without -
Over 10 kA Not more than switch With a
Over 10 kA Not more than switch Without -
Over 1D kA More than switch With b
Over 1D kA More than switch Without -

a A switch that is
Standard and in
need not be test:

b Tests describe

current of the indtantaneous trip of the switch.

identical in construction and ratings to a molded-case circuit breaker that complies with the-requir
Wwhich the release element is either omitted or made inactive, except for an instantapeeus release
pd.

in Withstand Test, 67.7 are to be conducted with the available current adjusted to a value just bel

tments in this
mechanism,

bw the pick-up

67.71.2 As
used. Opening
10 percent of
the switch. If {
circuit withstarn

67.7.2 Short

67.7.21 Ac
shall be close
the overcurrer
fuse, the test
mechanism to

a) The

b) The
impaire

c) Ad

vitch shall be tested in the smallest enclosure (box and cover) in which it is i
s shall be permitted in the enclosure, if the combined-area of all openings do
he total external enclosure area, and if no opening is directly opposite a vent

d test. No bolt or lock shall be used unless.itds the only securing means.
-circuit current withstand test

rcuit capable of providing the ‘maximum short-circuit current for which the s
1 on a previously untested sample. The switch shall withstand the designate
t protective devices open."\For a switch not marked as requiring a specific cirg

respond. After the circuit is opened:
fuse connected to the enclosure shall not have cleared.

e shall nof-be any breakage to the extent that the integrity of the mounting
d.

oor,'shall not have opened. Deformation of the enclosure shall be cons

4

htended to be
Bs not exceed
in the case of

he enclosure includes a door, it shall be closed"and secured by its latch dufing the short-

witch is rated
0 current until
uit breaker or

current shall be maintained for 3 cycles or the time required for an instantaneous release

f live parts is

idered to be

accept

kLl 1 L Py HN | £
VIT UTNTOoSo TIVE Palto Aart dLlLTooIVIT U

kL e latarl [ ™S H - Iadird 2
IS arutuiatcu provc oSriuwinrirm1 IHUIC Ul .4,

d) The switch shall be capable of being opened manually with its operating handle, and the switch
contacts shall be capable of being reclosed.

e) The contacts shall be permitted to weld provided that the operating handle stays in the ON
position. The weld shall be broken by operating the handle, and the switch contacts shall be
capable of being reclosed.
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Figure 67.2
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67.7.2.2 For the test specified in 67.7.2.1:

a) The open-circuit voltage of the power-supply circuit shall not be less than the maximum rated
voltage of the switch.

b) The available short-circuit rms symmetrical current in amperes shall not be less than the marked
short-circuit current rating of the switch.

c) The test enclosure shall be connected through a 30-A nonrenewable cartridge fuse rated for
branch-circuit use. The fuse shall have a voltage rating not less than the rating of the switch being
tested. It shall be connected to the pole of the switch considered least likely to arc to the enclosure.
This connection shall be made to the load side of the limiting impedance by a 10 AWG (5.3 mm?)
copper wire having a length of 1.22 — 1.83 m (4 — 6 ft), except that the fuse shall be permitted to be

connedted to the grounded conductor if the switch is intended for use on a grounded.gystem.

d) For Withstand Test of 10 kA or less:
1) The circuit shall be as indicated in Figure 67.1. External overcurrent protective devices
shall be connected where the "OC" symbols are indicated, see 6777.2.3.
2) The power factor of the circuit shall be 0.45 — 0.50, lagging.

e) For Withstand Test Greater than 10 kA:
1) The circuit shall be as indicated in Figure 67.1.and shall include the necessary measuring
equipment and the fuse-mounting means. A citelit breaker shall be used if spgcified for use
with the switch.
2) The power factor of the circuit shall be as specified in Table 26.14.

67.7.2.3 The overcurrent protective devices specified in 67.7.2.2(d) shall be externally-copnected Class

H fuses of the
rating indicate

maximum rating for the case(siZe of the rating specified or circuit breakers o
d by the marking.

f the type and

67.7.2.4 The
as described i

overcurrent protective devices specified in 67.7.2.2(e) shall be externally-connected fuses

N 67.7.2.7 —67.7.2:90r circuit breakers as marked on the switch.

67.7.2.5 The

devices, if it c@
the opening tirn

tests specified in 67.7.2.1 shall be permitted to be performed without overcurt
n be shownrthat the test-circuit current was maintained for a period of time at
ne of the-specified overcurrent protective devices at the level of current involve

67.7.2.6 For

ent protection
least equal to
d.

the/performance of the test, the line and load terminals of the switch shall be

connected to

the corresponding test-circuit terminals by copper-wire leads, not longer than 1.22 m (4 ft) per terminal,
each of which has an ampacity not less than the current rating (l,,) of the switch.

67.7.2.7 Fuses used for ratings greater than 10 kA shall have characteristics representing the peak let-
through current (I,) and clearing 1t values associated with the maximum rated fuses by which the switch is
intended to be externally protected. It is assumed that protection will be provided by the maximum fuse in
the case size of the indicated fuse. The fuses shall be installed on the load side of the device as shown in
Figure 67.1. Each of these fuses shall be of such characteristics that, when tested on a single-phase
circuit, they will permit a peak let-through current (I,) and a clearing It of not less than the corresponding
values specified in the requirements for the class and the current and voltage ratings of the fuse intended
for use with the switch being tested. Special test fuses having the required characteristics shall be
permitted to be used. To obtain the required values of these characteristics, it may be necessary to employ
a fuse having a current rating (l,) larger than that of the fuse specified and of a different class.
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67.7.2.8 The fuse referred to in 67.7.2.7 shall be permitted to be any Class G, J, L, T, or R fuse, without
regard to its peak let-through current and clearing 1%, if the test current is below the point (threshold value
of the fuse) at which the fuse is considered to be current-limiting.

67.7.2.9 Fuses used for tests shall be selected from a lot from which two samples have been selected if
the fuses are of Class G, J, RK5, or Tand one sample if the fuse is Class L and that have been calibrated
to determine that their 1°t and |, characteristics comply with the prescribed values called for in 67.7.2.7.

67.7.2.10 The characteristics of recovery voltage and ac decrement shall be as required by Annex C.

67.7.2.11 With the device in the full-closed position, the test circuit shall be closed on the device. For
devices tested on a single-phase circuit, controlled closing shall be employed so that maximum current

flow (I,) is ol
offset) or latel

67.7.3 Diele

67.7.3.1 Un
to the short-ci

67.7.4 Clos

67.7.41 A s
circuit withsta
67.7.2.1 (a), (

tained. The closing angle shall be essentially at the zero of the voltage g
, to produce the start of arcing within 30 electrical degrees prior to system.peal

ctric voltage-withstand test

ess the same sample is to be subjected to the closing test, a switch that has 4
rcuit withstand test shall comply with the requirements in 26.11.7.1, 26.11.7.2 &

ve (maximum
voltage.

een subjected
nd 26.11.7.4.

ng test

ample of the switch shall be closed on a circuit 'capable of providing the n
nd current. After the circuit has cleared, the switch shall comply with the re
b), and (d).

67.7.4.2 Th¢ sample for this test shall be that used for the short-circuit withstand test, or 4

the submitter
short-circuit w
the switch cor

A previously untested sample. The conditions of the closing test shall be the s
ithstand test, except that random closing shall be employed. Complete phys
tacts need not be established:

aximum short
quirements in

t the option of
ame as for the
ical closure of

67.7.5 Dielgctric voltage-withstand test

67.7.5.1 The¢ dielectric voltage=withstand test described in 26.11.7.1, 26.11.7.2, and 26.]
conducted following the closing test.

1.7.4 shall be

67.7.6 Contact opening test

67.7.6.1 An|électrically tripped switch shall be capable of being operated by the eleftrical tripping
mechanism to break levels of current as indicated in Table 67.3. The number of operations shall be three
except that a switch intended for use on single-phase circuits only, shall be tested for five operations. The
circuit on which the test is conducted shall have a normal frequency recovery voltage equal to the rated
voltage of the device, except that the recovery voltage need not be determined if the closed-circuit voltage
is not less than 90 percent of the rated voltage of the device. The open-circuit voltage shall not be more
than 110 percent of the rated voltage except that a higher open-circuit voltage may be used if agreeable to
all concerned parties. See 67.1.11.

67.7.6.2 The test circuit power factor shall be:
a) 0.45 - 0.50 lagging for a switch rated 1200 A or less;
b) 0.25 — 0.30 lagging for a switch rated 1201 — 2500 A; or

¢) 0.15 - 0.20 lagging for a switch rated 2501 — 6000 A.
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A lower power

factor shall be permitted if agreeable to all concerned parties.

67.7.6.3 At the conclusion of the test, the device shall be in operable condition. The fuse connected to
indicate arc-over to the enclosure or grounded metal shall not have opened.

67.7.7 Dielectric voltage-withstand test

67.7.7.1

repeated following the contact opening test.

68 Draw-Out Switches

The dielectric voltage-withstand test described in 26.11.7.1, 26.11.7.2 and 26.11.7.4 shall be

68.1 GenerJI

68.1.1 A dray-out switch shall additionally comply with the requirements in 68.2.

68.2 Electri¢al continuity test

68.2.1 Switches shall comply with the electrical continuity test requirements of 37.1.
RATINGS

69 General

69.1 A switch shall be rated in accordance with the requirements of 46.1 and 46.2 and with

requirements

69.2 The sh
rating shall ng
rating shall be
Class G, J, L,

69.3 A 300\
70.12.

69.4 A 300
accordance w

pf 69.2.

pri-circuit rating of a switch shall-be one or more of the values shown in Ta
t be greater than that of the specified overcurrent protective device or integ
10,000 A for plug, Class Hyand Class K fuses. The rating shall not be less tha
R, and T fuses.

rated fuse may. be) specified for switches rated 120, 127, 120/240, 240, or 27

V rated/fuse may be specified for a switch rated 480Y/277 V if the switch
th 7018.

the additional

ble 69.1. The
al fuses. The
h 25,000 A for

7 V. See also

is marked in

Table 69.1
Short Circuit Current Rating, RMS

Symmetrical amperes

5,000 25,000 65,000
7,500 30,000 70,000
10,000 35,000 85,000
14,000 42,000 100,000
18,000 45,000 125,000
20,000 50,000 150,000
22,000 60,000 200,000
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MARKINGS

Advisory Note: For products intended for use in Canada, markings shall be in English or in French and
English; caution and warning markings shall be in French and English. For products intended for use in
Mexico, all markings shall be at least in Spanish. For products intended for use in the United States, all
markings shall be at least in English. See Annex D for suitable translations of caution and warning
markings.

70 General

70.1 Switches shall be marked in accordance with the requirements of General, Section 47 and
Markings, Section 91, and the additional requirements of this Section. Location of required markings shall

be in accordapce with the "Location Categories" given in Table 70.1.
Table 70.1
Location of Markings — Switches
Location catepories
Clajise numbers Subject (See notes)
General
70.1 Location —
47.1.2 Type designation B
47.1.2 Manufacturer's name B
47.1.2 Voltage rating B
4714 Durability and legibility -
70.4 Ampere rating B
70.5 Ampere rating — 100 A or less
47.1.11-47.1.13 Spegcial characteristics C,F
47.1.14 Line’and load B
47.1.15 Factory identification H
70.2,70.3 Switch identifier/Caution statement A B
80 percent continuous rated fused
70.19 molded-case switch C
Position indication
70.6 Open or close (on or off) A
70.6 Intermediate position — reset B,D
47117 Electrical operator (on or off) B,E
Short circuit ratings
70.7 -70.18 Ratings B,C
Terminations
47.2.1-47.24 CU-AL B
47.2.5,47.2.6 Tightening torque B,C
47.2.7 Maximum wire size C,G
47.2.8 Multiple-conductor connectors C
47.2.9,47.2.10 60 °C/75 °C — 125 A Max. B, C
47.2.11 Separately shipped connectors C
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Table 70.1 Continued

Location categories
Clause numbers Subject (See notes)

90 °C/Aluminum or copper-clad

70.21 aluminum wire B
Accessories
91.1,91.2 Ratings C
91.3 Shunt release C
91.4,91.5 Separately shipped _
91.6 External dropping resistor C
Special markings

70.14 Automatic opening B
47.1.19 Non-conducting enclosures C
47.1.20 Ventilated enclosures B
47.1.21 2-pole, 3-phase rated B
47.1.22 Multi-wire circuit C

A Marking shdll be visible without removing the trim or cover of enclosure.

B Marking shjll be visible without disassembling or removing the device and shall be visible when the trim or coer of enclosure

is removed, andjmay be visible with the trim or cover in place.

C Marking may be on any convenient location except on the rear.

Marking of iptermediate position and "RESET" need not be provided:if on intended receiving device.
"ON" and "QFF" marking need not be visible on switch if on electrical operator.

Part replacefment marking need not be visible on switch if on-electrical operator.

Marking shgll be visible when wire connector is in place:

I @ M m O

Marking negd only be visible after removal of switch'ffom panel of enclosure.

70.2 An unfused switch shall be marked in accordance with either of the following:

a) With the switch symbol: =~/ —_—; or

b) "Caution" and . with the following or equivalent statement "Does not providg over-current
protectjon."

Location Category A

70.3 An unfused switch shall be marked "Caution" and with the following or equivalent statement "Does
not provide over-current protection”, Location Category B, unless the device is marked in accordance with
70.2(b).

70.4 The ampere rating of a switch shall be distinct so that it may be clearly understood what is the
ampere rating on the switch. Location Category B.

70.5 The ampere rating of a switch rated 100 A or less shall be permitted to be stamped, etched, or
similarly marked into the handle or the escutcheon area of the switch so as to be visible without removing
the trim or cover of the enclosure with which it may be properly used. Location Category B.

70.6 A switch shall indicate clearly whether it is open or closed and such marking shall be visible with a
trim or cover in place except that when enclosed it may require the opening of a hinged cover or door. If a
switch handle has an additional or intermediate position which it takes upon automatic opening, that
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position shall be marked to indicate that the switch has automatically opened. Instructions for resetting the
switch shall be included. The word "tripped" shall be permitted to be used on the handle but shall not be
used in the instructions. Location Categories B and D. Marking indicating the intermediate open position
and the resetting instructions shall not be required on the switch if they are provided on the intended
receiving device. Location Category D.

70.7 Except as specified in 70.8 — 70.11, an unfused switch shall be marked, "This switch is suitable for
use on a circuit capable of delivering not more than __ ampere, rms symmetrical, ____ volts maximum
when protected by Class _ fuses (type __ circuit breaker) rated  amperes maximum", or with an
equivalent marking. See 69.2. Refer to 70.16 and 70.17 for location.

70.8 If the short-circuit rating is 10,000 A, the class of fuse shall not be required but the current rating (l,,)
shall be provigled. Location Category C.
70.9 If the ghort-circuit rating is 5,000, 7,500, or 10,000 A, and the rated current) (1,) of the specified

I or fuse does not exceed that of the switch, the type designation.and manufacturer of the

- shall not be required.

circuit breake]
circuit breake

70.10 The type designation and manufacturer of the circuit breaker or Class of fuse shall not be required
if:
a) The short-circuit rating is 5,000, 7,500, or 10,000 A;
b) Thg continuous-current rating (l,) of the specified circuit breaker or fuse excedds that of the
switch} and
¢) TheJcombination was tested for three cycles\as indicated in 67.7.2.1.
70.11 If the phort-circuit rating is greater than.10,000 A and the combination was tested for three cycles
as indicated in 67.7.2.1, the type designation-and manufacturer of the circuit breaker and Class of fuse

shall not be re

70.12 When
include "300

70.13 A swi
following or e

70.14 A swi

quired. Location Category.C:

the overcurrent protective device is a 300 V rated fuse, the marking mentione

fch rated 480Y/277 V that is specified for use with a 300 V fuse shall be m
uivalent wording: "For use with line-to-neutral loads only." Location Category

ch.having an instantaneous release shall additionally be marked as part of

olts maximum" after.the "rated amperes maximum." Location Category @.

d in 70.7 shall

arked with the

-
v

ts short circuit

rating "May open)circuit above A" or equivalent wording or "May open automqatically". When
the latter marking is provided, the Tikely tripping current shall be published in other Titerature which is made
available to system designers, and the like. Location Category B.

70.15 The marking in 70.7 — 70.11 shall be permitted to be repeated for several different types of
protection. Location Category C.

70.16 The short circuit rating of a switch shall be located where it will be visible when a front or trim is
removed. If there is more than one rating marked on the switch, all such ratings shall appear together.
Location Category B.

70.17 Notwithstanding 70.16, a switch that is 38.1 mm (1-1/2 inch) wide per pole or less may have the
marking at any convenient location on the switch except on the rear. Location Category C.
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70.18 A fused molded-case switch constructed to accept only Class CC, G, J, R or T fuses shall be
marked with the following statement: "Suitable for use on a circuit capable of delivering not more than
amperes, RMS symmetrical, volts maximum: Use Class fuses."

70.19 A fused molded-case switch shall be marked, "Continuous load current not to exceed 80 percent
of the marked rating of fuses". Location Category C.

70.20 For recommended symbols and abbreviations, see Annex F.

70.21 A switch that has a temperature rise on a wiring terminal exceeding 50 °C (90 °F), see 67.2.6,
shall be marked, Location Category B:

a) For yise with 90 °C (194 °F) wire and the wire size. The wire size shall be based.on the ampacity
of 75 °C rated conductors as indicated in Table 6.1.

b) To indicate that wire connectors used shall be identified AL9, CU9AL, orAL9CU, if for use with
aluminpm or copper-clad aluminum conductors, unless connectors are provided on the switch.

ACCESSORIES

CONSTRUCTJON
71 General
71.1  General details
71.1.1 A conpponent part of an accessory shall comply with the requirements for that accesgory.
71.2 Installgtion

71.2.1 A cirguit breaker or switch (may have provision for field-installed accessories |provided the
following condjtions are met:

a) Theircuit breaker orlswitch is acceptable for use with or without the accessory.
b) EacI accessorysis acceptable for the intended use.

c) Each accessory may be installed without the breaking of a seal and without the djsassembly of
factorytinstalled circuit breaker parts except for:

) Those partsTrecessary tomstattorreptace atircuit breaker tripomnit;

2) A circuit breaker or switch operating handle;

3) Other parts that if omitted are considered not to affect the intended performance of the
circuit breaker or switch; or

4) Essential parts that if omitted are effectively replaced by an accessory if the circuit
breaker or switch is tested in accordance with 81.5 and marked in accordance with 91.4 and
91.11.

d) Instructions for the installation, operation, and necessary adjustments are provided with each
accessory.
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e) The installation of an accessory does not require the use of other than normally available tools,
such as screwdrivers, pliers and wrenches, unless such a tool and instructions for its use are
furnished with each accessory.

f) A barrier that is necessary because spacing would otherwise be less than required, or for any
other reason, is securely attached at the factory to either the circuit breaker or switch, or to the
accessory to be installed.

g) The accessory is an essentially complete unit and does not require detailed assembly in the
field. Except as permitted in (h), the installation of the accessory does not expose live or
mechanical functional parts that would not be exposed during the replacement of an
interchangeable trip unit. An arrangement that requires cutting, splicing of existing wires, or

resold

ering of connections within the circuit breaker housing is not acceptable

h) Exd
filing g
be prg
remov|

i) Drilli
openir
breakd
j) Itis
circuit
k) Strg

as an
tools n

1) The

m) Th
switch

71.2.2 So th
or trip unit, a
be provided W

a) Ifin

ept as noted in (i) and (j) means for mounting the accessory require no! drill
f holes. Openings to provide for the accessory actuator to operate thé)trip m
vided in the trip unit housing. If breakouts are provided for this(purpose,
Bble in one piece.

ng, cutting, or filing is acceptable in the circuit breaker or switch housing only
g for the accessory leads and the location of such openings is indicated by
uts.

possible to accomplish the operation described.in{i) in a manner so that de|
breaker or switch housing does not accumulate.

in or pushback relief, if required to meet the‘requirements of 71.5.1 and 71.5

ng, cutting, or
bchanism may
they shall be

to provide an
drill points or

bris inside the

.2, is provided

ntegral part of the accessory or is furnished as part of the kit along with any
ecessary to comply with the requirements of this Standard.

pccessory complies with the marking requirements of 91.4.

e installation of the accessory does not affect the performance of the cirg

at instructions arge always available should it become necessary to replace a
Circuit breaker @r interchangeable trip unit intended to accept field-installed ac
ith information.for the proper reinstallation of the accessory.

erchangeable trip units are involved, this information may be:

1)\Pdrt of the trip unit installation instruction;

instructions or

uit breaker or

circuit breaker
cessories shall

2) Marked on the trip unit; or

3) Provided on a separate tag attached to the trip unit.

b) If noninterchangeable trip units are involved, this information may be:

c) The
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3) Refer to where installation instructions for each accessory may be obtained; in this case,
the information shall include a statement of the need to determine that the accessory
performs its intended function after it has been reinstalled.

71.3 Mounting

71.3.1 An accessory shall be securely mounted in position and prevented from loosening or turning if
such motion may affect adversely the intended performance of the circuit breaker or switch or reduce the
minimum spacing to less than that indicated in 71.6.1.

71.4 Field wiring

7141 An agcessory shall be provided with means for the connection of wires haying ampacity
corresponding to the rating of the accessory. See Table 6.1 and Table 71.1.

71.4.2 Termipal leads of a circuit breaker accessory shall consist of wire suitable for the particular
application, when considered with respect to the temperature and voltage and: conditions| of service to
which the wiring is likely to be subjected.

71.4.3 Termihal leads shall be 24 AWG (0.20 mm?) minimum. The free-{ength of a termina| lead shall be
at least 150 mm (6 inches).

Table 71.1
Ampacities of Insulated’Conductors

Wire size 60 °C (140 °F)
AWEG (mm?) Copper Aluminum
24 (0.20) 2 -
22 (0.32) 3 -
20 (0:52 5 -
18 (0.82) 7 =
16 (1.3) 10 —

71.4.4 A pregsure connector provided for use with an accessory shall comply with 6.4.2.2.

71.5 Strain ||elief

71.5.1 Strain relief shall be provided to prevent a mechanical stress on the accessory supply leads to
which field connections are made from being transmitted to terminals, splices, or interior wiring. See 81.3.

71.5.2 Means shall be provided to prevent the accessory supply leads to which field connections are
made from being pushed into the housing of a circuit breaker or switch through the lead entry holes, if
such displacement is likely to subject the lead to mechanical injury, or if it is likely to reduce spacings —
such as to a metal strain-relief clamp — below the minimum acceptable values, or if the mechanical
operation of the circuit breaker or switch, or accessory is impaired.

71.5.3 Any surface with which the leads may come in contact shall be free from any projections, sharp
edges, burrs, fins, or the like that may cause abrasion of the insulation on the conductors.
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71.6 Spacings

71.6.1

less than those required in General, 6.6.1.

71.6.2 The requirements in 71.6.1 do not apply:

With any combination of accessories installed, the circuit breaker or switch spacings shall not be

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

switch

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

or

c) Bet
circuit

veen uninsulated live parts of the component and that part of the dead metal
breaker or switch on which the component is mounted in the intended manner.

71.6.3 The fequirements in 71.6.1 do apply:

a) Bety

b) Bet
breakg

71.6.4 The s

veen live parts in different components; and

veen an uninsulated live part of a component and a live part or the dead met
r or switch, other than the dead metal surface on whjehthe component is mou

surface of the

bl of the circuit
nted.

pacings at an accessory and its field-wiring terminals shall be in accordance with Table 71.2.

Table 71:2
Minimum Acceptable Spacings in millimeters (inches)

Potential involved in volts
131-300 301-600
6.4 (1/4) 9.5 (3/8)
9.5 (3/8) 12.7 (1/2)

0-130
3.2 (1/8)
6.4 (1/4)

650 — 1000
9.5 (3/8)
12.7 (112)

Locatjon

insulated
nsulated live
e polarity,
inded parts
hclosure, or
arts

Between any ur
live part and un
parts of opposit
uninsulated gro|
other than the ¢
exposed metal

Through air;

Over surface

NOTES:

1 An isolated dd
between an uni
dimension of th

ad metal'part (such as a screw head or a washer) interposed between uninsulated live parts of op
hsulatéd-ive part and a grounded dead metal part is considered to reduce the spacing by an amoul
b interposed part along the path of measurement.

posite polarity or
nt equal to the

21n measuring roverstrface opa\,illy, any b:U‘l, groove;of the :ir\c, 6-33mm (3013 illbh) wide-ortessinthecontour of insulating

material shall be disregarded.

3 In measuring spacings, an air spacing of 0.33 mm (0.013 inch) or less between a live part and an insulating surface shall be
disregarded, and the live part considered in contact with the insulating material.

72 Shunt Trip Release Devices

721 A shunt trip release device shall have a normally open auxiliary switch contact ("a" type) connected
in series with its coil, except that the auxiliary switch may be omitted under any one of the following
conditions:

a) The shunt trip coil is rated for continuous duty;

b) The operating voltage for the coil is taken from the load side of the circuit breaker; or
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c) The supply voltage to the coil is reduced, such as with electronic circuits. In this instance, it shall
be necessary to conduct the temperature test on the coil at the voltage to which the operating
voltage has been reduced.

73 Undervoltage-Trip Release Devices

73.1
circuit breaker

or switch without an auxiliary switch.

An undervoltage-trip release device shall normally have its coil connected to the line side of the

73.2 An attempt to close the circuit breaker or switch during an undervoltage condition shall not result in
maintaining contacts in a closed position for more than ten cycles.

74 Overvoltlage-Trip Release Devices

741 An ove
tripping under
closing stroke

75 Electrical Operators

75.1 An eled

handling its maximum normal load without introducing any adverse condition.

75.2 A windi
in a workmanl

75.3 With re
treated to pre
absorptive ma3
absorption.

75.4 An eled
factory- or fielq
field-installed.

75.5 Provisig
electrical ope
exposed. Meg

Fvoltage-trip release device shall be so designed that the armature will be
an overvoltage condition when the circuit breaker is in the ON position and a
of the circuit breaker or switch.

trical operator shall be compatible for the particular ‘application, and shall

ng shall be such as to resist the absorption of moisture and shall be formed a
ke manner.

jard to the requirement in 75.2, film<coated magnet wire is not required to b
vent absorption of moisture, but, fiber slot liners, cloth coil wrap, and sim
terials should be provided.with impregnation or otherwise treated to pre

trical operator intended to be mounted externally to the circuit breaker or s
-installed. Instructions shall be provided with the electrical operator when it is |

n shall bémade for manual operation of a circuit breaker or switch that is equ
ator andshall be so located that when in use, the wiring space and live
ns.shall be provided to prevent the electrical operator from functioning d

released for
so during the

pbe capable of

hd assembled

e additionally
ilar moisture-
ent moisture

witch may be
ntended to be

ipped with an
parts are not
uring manual

operation if ele

ctrical operation can result in a risk of electric shock or injury to operating pers

bnnel.

75.6 An electrical operator shall be provided with acceptable means for grounding all exposed
accessible metal parts.

75.7 An electrical operator shall not require manual reset of the circuit breaker or switch.

76 Alarm an

76.1

d Auxiliary Switches

other contact arrangements shall be permitted to be used:

Auxiliary switch contacts shall be permitted to be designated as "a" or "b" as indicated below, but

a) "a" contacts are opened when the molded-case product contacts are opened, and are closed
when the molded-case product contacts are closed.
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b) "b" contacts are closed when the molded-case product contacts are opened, and are opened
when the molded-case product contacts are closed.

77 Mechanical Interlock
77.1 A mechanical interlock supplied as a kit for field installation shall comply with 71.2.1.

77.2 A mechanical interlock shall have the necessary mechanical strength to ensure reliable and positive
mechanical performance.

77.3 A mechanical interlock shall have a mounting means such that removal of a door, dead-front,
barrier or the like shall not result in defeating the interlocking mechanism between the intended circuit
breakers or syitches.

78 Lock-Off Device

78.1  Alock-pff device supplied as a kit for field installation shall comply with allof the following:

a) Acdommodate a padlock that will prevent the operation of the:circuit breaker or $witch with the
padlogk in place;

b) Reduire the use of a tool for removal;

c) Have the necessary mechanical strength to:sensure reliable and positive mechanical
performance;

d) Not|depend on the panel enclosure cover to-retain the device in place;
e) Not|interfere with the normal intended operation of the circuit breaker or switch;

f) Enspure that the ON-OFF marking- for the circuit breaker or switch is clearly vjsible with the
padlogking attachment in place;and

g) Be marked in accordance.with 91.9.
78.2 The ON-OFF marking'mentioned in 78.1(f) may appear on the lock-off device.

79 Lock-On Device

79.1 Alock-pn'device supplied as a kit for field installation shall comply with all of the following:

a) Accommodate a padlock that will prevent the operation of the circuit breaker or switch with the
padlock in place;

b) Require the use of a tool for removal;

c) Have the necessary mechanical strength to ensure reliable and positive mechanical
performance;

d) Not depend on the panel enclosure cover to retain the device in place;
e) Not interfere with the normal intended operation of the circuit breaker or switch;

f) Ensure that the ON-OFF marking for the circuit breaker or switch is clearly visible with the
padlocking attachment in place; and

g) Be marked in accordance with 91.9.
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79.2 The ON-OFF marking mentioned in 79.1(f) may appear on the lock-on device.

80 Generator Transfer (For use in Canada Only)

80.1 Mechanical interlocks intended for use as a generator transfer shall be in accordance with Annex B,
Ref. No. 29.

PERFORMANCE

81 General

81.1 One sapple-of-each-accesss ine compliance

with the con
accessory(ies

accesspry classification.

c) Wh
calibra

ther the installed accessory(ies) affect(s) the,operating characteristics, mech
ion, and the like, of the circuit breaker or switch.

81.3 The strain-relief means provided on the accessory leads to which field connections ar
tested in accordance with81.4 shall be capable of withstanding for 1 min, without displacen
as required in| Table 81.1. The force shall-be applied to the leads with the connections wit
breaker or swifch disconnected.

hat with the
performance
lled.

ctors shall be

Ce section.

covering the

hnical, arcing,

b made, when
ent, the force
hin the circuit

Table 81.1
Pull Force
Wiresize Force
AWG N (Ibf)
187and larger 89 (20)
20-24 445 (10)

81.4 The specified force shall be applied to the individual leads and so supported by the circuit breaker
or switch that the strain-relief means will be stressed from any angle that the construction of the circuit

breaker or switch permits. The strain relief is not acceptable if:

a) There is enough movement of the leads to indicate that stress on the connections would have

resulted;

b) A metal strain-relief has moved to have reduced electrical spacings below
acceptable values; or

¢) The mechanical operation of the device is impaired.

the minimum

81.5 Except as specified in 81.8 and 81.9, if an accessory affects parts involving mechanical or arcing

characteristics, because of its proximity to such parts, and for all circuit breakers or switc

Copyright Underwriters Laboratories Inc.

hes where an


https://ulnorm.com/api/?name=UL 489 2025.pdf

MARCH 7, 2025 NMX-J-266-ANCE-2025 ¢ CSA C22.2 No. 5:25 ¢ UL 489 153

accessory replaces a part as described in 71.2.1(c)(4), the device with the accessory installed shall be
subjected to the interruption type tests specified in 81.6. If an accessory affects the calibration of a circuit

breaker, the calibration tests shall also be performed.

81.6 The interruption type tests to be performed in accordance with 81.5 are as follows:

a) For circuit breakers — overload, endurance and interrupting as well as high available fault current
if the circuit breaker has such a rating.

b) For

switches — overload, endurance, and withstand, if applicable.

81.7 During tests on the circuit breaker or switch, the accessory and the circuit breaker or switch shall,

except wherewmmmmmm
the most sevére opposite polarity possible, including reverse line and load connection; un

breaker or sw|

81.8 For cir|
required on t
arcing contac

81.9 Interru
with the acce
point of the o
live parts or th

81.10 Shou

tch is marked to indicate line-load connections.

Cuit breaker or switch frame sizes rated over 150 A, interrupting)type test
ne combination if a solid barrier with no holes is located between the acce
S.

bting type tests shall not be required on circuit breaker or switch frame sizes ra
5sory installed, if the accessory is located more than,/50.8 mm (2 inches) fro
ben end of the arc plate, measured as a straight.line between the arc plate a
e uninsulated dead metal parts of the accesserytself.

as material sige and the like, or should the accessory*be mounted less than 50.8 mm (2 in
nearest point pf the open end of an arc plate in ciretiit breaker or switch frame sizes rated gr
A, then the copmbination shall be subjected to-the maximum voltage interrupting test or wi

determine w
intended duri

81.11 No ad
switches rate
interrupting te

81.12 Interr
with the acce
uninsulated li

d there be any questions regarding the acceptability of the barrier mentioneg

ther additional interrupting type tests are necessary. The accessory shall be
g the test.

I greater than 150-Avand installed accessories satisfactorily completes the ma
st followed by the recalibration and dielectric voltage-withstand tests.

plied to cause
ess the circuit

5 shall not be
ssory and the

ed over 150 A
m the nearest
hd uninsulated

in 81.8, such
ches) from the
cater than 150
hstand test to
energized as

ditional interrupting type tests shall be necessary if the combination of circyit breakers or

ximum voltage

Liption type‘tests shall be required on circuit breaker or switch frame sizes rate
ssories.installed within the circuit breaker or switch housing, except whe
e or exposed dead metal parts on the accessory and the accessory does n

the intended ¢

peration — mechanical, calibration, or arcing characteristics — of the circuit bre

150 A or less
there are no
interfere with
ker.

81.13 More than one type of accessory, shunt trip, alarm switch, and the like may be installed in the
circuit breaker or switch when it is subjected to any one of the interrupting type tests.

81.14 Tests need not be performed on the accessory or component parts of the accessory if component
parts have been previously tested and found acceptable for the application. Should tests be necessary to
determine the acceptability of the accessory for the application, the circuit breaker or switch need not be
energized if the construction is such that the accessory is encapsulated or there are no uninsulated live or
exposed dead metal parts on the accessory.

81.15 |If it is required to conduct tests on a circuit breaker with the accessory installed, the number of
circuit breaker samples required shall be in accordance with Table 26.1, except that only one sample shall
be required if the circuit breaker without the accessory installed is found to comply with the performance
requirements.
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81.16

If it is required to conduct tests on a switch with the accessory installed, the number of switch

samples required shall be in accordance with Table 67.2, except that only one sample shall be required if
the switch without the accessory installed is found to comply with the performance requirements.

82 Shunt-Trip Release Devices

82.1 Temperature

82.1.1

voltage, shall not be higher than that permitted by Table 26.7.

82.2 Overvo

82.2.1 A coi
continuously 1

82.3 Operat

82.3.1 A shd
the circuit bre

equipment application shall operate at 55 percent of rated voltage.for)ac control power.

82.4 Endurance test

8241 Ashu
capable of pe
rate of operati

82.4.2 The't
switch.

82.4.3 A shd
repeating the
on each cycle

Itage test

The maximum temperature rise of a coil intended for continuous duty, when operated at its rated

of a shunt-trip device intended for continuous duty shall be capableof
10 percent of its rated voltage without injury.

on test

nt-trip device shall operate in the intended manner at 75 percent of its rated
aker or switch, except that a shunt-trip device for<use in a ground-fault

nt-trip device, including a switch used to*de-energize the coil as described in
forming successfully for 10 percent ofithe number of “With Current” operatig
bn shown in Table 26.9.

bsts may be performed in eenjlnction with the endurance test on the circ
nt-trip device shall_be _connected to a rated source of coil voltage. The test s

ollowing cycle forthe required number of operations. The circuit breaker or s
of operation:

withstanding

voltage to trip
protection of

72.1 shall be

ns and at the

it breaker or

nhall consist of
vitch shall trip

a) Close circuit breaker or switch.
b) Enefgize shunt-trip with rated voltage.
82.5 Dielectricvoltage-withstamdtest
82.5.1 With the shunt-trip device installed in the circuit breaker or switch, the shunt-trip device shall be

capable of withstanding for 1 minute without breakdown the application of a 48 — 62 Hz essentially
sinusoidal potential:

a) Between all live parts (including circuits) within the accessory;

b) Between all live parts tested in (a) and live parts of the circuit breaker or switch; and

c) Between the accessory coil winding and its frame.

82.5.2 The test potential for 82.5.1 (a), (b), and (c), respectively, shall be:

a) Twice the voltage rating of the accessory plus 1000 V;
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b) Twice the voltage rating of the circuit breaker plus 1000 V; and

c¢) Twice the voltage rating of the accessory plus 1000 V,

except that the test potential of (a), (b), and (c) above shall be twice the voltage rating, but not less than
900 V, when tested after the high available fault current circuits interrupting capacity test for circuit
breakers or the withstand test for switches. The test described in (b) is not required when the design of the
circuit breaker isolates the accessory from energized parts in the circuit breaker, such as in a separate
pole or in an accessory pocket.

82.5.3 The dielectric voltage-withstand test shall be performed after the interruption test(s), if the test(s)
was performed to evaluate the acceptability of the combination. If no tests were performed, the dielectric

voltage-withs
83 Undervg
83.1

Tempel

83.1.1
permitted by ]|

The maximum temperature rise of an undervoltage-trip release,coil shall not be h

and test shall be conducted with the combination In an as-received conadition.
Itage-Trip Release Devices

rature

[able 26.7. See 81.7.

83.2 Overvoltage test

83.2.1 The
continuously.

83.2.2 After
and without ¢
voltage for 4 K

83.3 Operaf

83.3.1 Anu
percent or les|

83.3.2 Anu
percent (or hi

coil shall be capable of withstanding without injury 110 percent of its
See 81.7.

the Temperature test, the same undervoltage release sample, with the circuit-
urrent in the main circuit, shall withstand the application of 110 percent rated
ours without impairing its functiens. The temperature rise obtained shall comp

ion test

hdervoltage-trip release device shall operate to open the circuit breaker o
5 of the marked-voltage rating of the trip coil.

ndervoltage-trip release device shall not operate to open the circuit breaker ¢
jher) ofithe marked voltage rating of the trip coil.

83.3.3 Anu

ndervoltage-trip release device may operate to open the circuit breaker or sv

gher than that

rated voltage

breaker closed
control supply
y with 26.4.

 switch at 35

r switch at 70

vitch when the

voltage across the Trip coil'is greater than 35 percent but less than 70 percent of the marke
of the trip coil.

voltage rating

83.3.4 An electrically reset undervoltage-trip release device shall pick up and a mechanically reset
undervoltage-trip release device shall seal in at 85 percent of the rated voltage. Both devices may also
pick up and seal in at lower voltage.

83.3.5 To determine compliance with 83.3.1 — 83.3.4, the test shall be conducted as follows starting with
the circuit breaker in the tripped position or the switch in the off position:

a) Energize the undervoltage-trip release device at 85 percent of the marked rated voltage of the
coil.

b) Close circuit breaker or switch.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 489 2025.pdf

156

NMX-J-266-ANCE-2025 ¢ CSA C22.2 No. 5:25 ¢+ UL 489

MARCH 7, 2025

c) Reduce voltage to 70 percent of the marked rated voltage of the coil. The circuit breaker or
switch shall not operate at this voltage.

d) Reduce voltage to 35 percent of the marked rated voltage of the coil. The circuit breaker or
switch shall operate at this voltage.

83.4 Endurance test

83.4.1
the number of

“With Current” operations and at the rate of operation shown in Table 26.9.

An undervoltage-trip release device shall be capable of performing successfully for 10 percent of

83.4.2 The tests may be performed in conjunction with the endurance test on the circuit breaker or

switch.

83.4.3 To ddg
circuit breaket
shall be perfor

a) Ene
coil.

b) Clos

c) Red
83.5 Dielect

83.5.1 With
undervoltage-
application of

a) Bety
b) Bety

c) Betw
83.5.2 Thed

83.6 Contad

termine compliance with 83.4.1, the test shall be conducted as follows' std
in the tripped position or the switch in the off position, except that.the last t
med in accordance with 83.3.5:

rgize the undervoltage-trip release device at 85 percent of the marked rated

e the circuit breaker or switch.

ice coil voltage to zero. The circuit breaker or switch shall trip at zero coil volta
ric voltage-withstand test

the undervoltage-trip release device installed in the circuit breaker o
rip release device shall be capable of withstanding for 1 minute without b
48 — 62 Hz essentially sinusoidal potential:

een all live parts (including-circuits) within the accessory;

een all live parts tested in (a) and live parts of the circuit breaker or switch; and

een the accessory coil winding and its frame.

rting with the
en operations

voltage of the

je.

switch, the
reakdown the

electric\eltage-withstand test shall be performed in accordance with 82.5.2 and 82.5.3.

t closing test

83.6.1
in maintaining

contacts in a closed position for more than 10 cycles.

84 Overvoltage-Trip Release Devices

84.1 Temperature

84.1.1

rated voltage, shall be less than or equal to that permitted by Table 26.7.

84.2 Overvoltage test

84.2.1

breaker or switch, or is intended for use in series with an
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An attempt to close the circuit breaker or switch during an undervoltage condition shall not result

The maximum temperature rise of an overvoltage-trip release coil, when operating at its nominal

An overvoltage-trip release coil that is intended to be connected to the load side of its circuit
auxiliary contact, shall be capable of
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withstanding continuously without injury 98 percent of the voltage at which it causes the circuit breaker or
switch to trip.

84.2.2 An overvoltage-trip release coil that is intended to be connected directly to the line side of a circuit
breaker or switch, with no series auxiliary switch contact, shall be capable of withstanding continuously
without injury its marked maximum voltage rating. See 81.7.

84.3 Operation test

84.3.1 Both before and after the endurance test described in 84.4, an overvoltage-trip release device
shall operate to cause the circuit breaker or switch to trip within £5 percent of the rated trip voltage of the
coil and shall not cause the circuit breaker or switch to trip when the nominal rated voltage is applied to the
coil.

84.4 Endurance test

84.4.1 An oyervoltage-trip release device shall be capable of performing suceessfully fo 10 percent of
the number of “With Current” operations and at the rate of operation shown igJable 26.9.

84.4.2 The fests may be performed in conjunction with the endurance test on the cirquit breaker or
switch.

84.4.3 To determine compliance with 84.4.1, the test shall\be conducted as follows starting with the
circuit breakef in the tripped position or the switch in the off,position:

a) With no voltage applied to the overvoltagestrip release device coil, close the cir¢uit breaker or
switch

b) Apgly a gradually increased voltage(io the coil. The circuit breaker or switch shall trip when the
appliedl voltage is within 5 percent ofithe rated value.

84.5 Dielecfric voltage-withstand test

84.5.1 With [the overvoltage-ttip release device installed in the circuit breaker or switch, the overvoltage-
trip release dgvice shall be, capable of withstanding for 1 minute without breakdown the application of a 48
— 62 Hz essentially sinusgidal potential:

a) Betyveen_alMive parts (including circuits) within the accessory,

o

b) Betyveen all live parts tested in (a) and live parts of the circuit breaker or switch, an

c) Between the accessory coil winding and its frame.

84.5.2 The dielectric voltage-withstand test shall be performed in accordance with 82.5.2 and 82.5.3.

85 Electrical Operators
85.1 Endurance test

85.1.1 An electrical operator shall perform acceptably when subjected to the endurance test described in
85.1.2-85.1.8.

85.1.2 An electrical operator shall be tested on the frame size circuit breaker or switch for which it is
intended for the number of “Without Current” operations indicated in Table 26.9 for the given frame size.
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85.1.3 An electrical operator intended for use with more than one frame size of circuit breaker or switch
shall be tested on the maximum and minimum frame sizes for which it is intended. The total number of
operations for each frame size shall be as indicated in Table 26.9, except that if the same operator is used
for both tests, the number of operations required on the smallest frame size may be reduced by the
number of operations required for the maximum frame size.

85.1.4 The first 25 operations shall be conducted at 85 percent of the electrical operator voltage rating at
the rate required for the endurance test with the current as indicated in Table 26.9. During each of these
operations, the circuit breaker or switch if appropriate shall be tripped so as to involve a resetting
operation.

85.1.5 The next 25 operations shall be conducted as in 85.1.4 except at 110 percent of the electrical
operator voltage rating.

85.1.6 The balance of the operations shall be completed with the electrical operator connegted to a rated
voltage supply and cycling ON and OFF without tripping the circuit breaker or swijtéhyat a ratg¢ agreeable to
the submitter gnd the testing agency.

85.1.7 If ovefcurrent or overload protection is provided with the operator,it shall not functjon during the
endurance test.

85.1.8 If the Electrical operator, or any part of the operator, is installed within the circuit brepker or switch
housing, or i installed so as to interfere with the intended.venting of the circuit breaker or switch,
consideration shall be given to the need for interrupting tests to be performed on the circlit breaker or
switch with thq electrical operator installed.

85.2 Dielectfic voltage-withstand test

85.2.1 An elpctrical operator intended to be-installed externally to the circuit breaker of switch shall
withstand, for g period of 1 min, without breakdown, the application of a 48 — 62 Hz essentially sinusoidal
potential of 1000 V. The test voltage~shall be applied between current-carrying parts of|the electrical
operator and gccessible dead metal parts.

85.2.2 If the Electrical operator.or any part thereof is installed within the circuit breaker or syitch housing,
the dielectric Voltage-withstand-test specified in 26.9 is applicable.

86 Alarm and Auxiliary Switches

86.1 Temperature

86.1.1 The temperature attained on an alarm or auxiliary switch shall not exceed the values given in
Table 26.6 and Table 26.7, and the temperature rise at any connections intended for field wiring shall not
exceed 50 °C (90 °F) when tested as outlined in 86.1.2 and 86.1.3.

86.1.2 The alarm and/or auxiliary switch or switches to be tested shall be installed in the intended circuit
breaker or switch. If the circuit breaker or switch is constructed to accept more than one alarm and/or
auxiliary switch, the maximum intended number of switches shall be installed.

86.1.3 Each alarm or auxiliary switch shall be caused to carry its rated current and the circuit breaker or
switch shall carry its rated current while connected as for the temperature test specified in 26.4.1.4.
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86.2 Overload test

86.2.1 An alarm or auxiliary switch shall perform acceptably when subjected to an overload test. When
rated in amperes, this test shall consist of 50 cycles of operation, making and breaking 150 percent of
rated current at rated voltage. The rate of operation shall be in accordance with Table 26.4. The test shall
be made on direct current with a noninductive resistance load if the switch is rated dc only, and shall be
made with alternating current and an inductive load having a 75 — 80 percent power factor if ac rated. If
both ac and dc ratings are involved, tests shall be conducted to represent both ratings, except that tests
using a dc circuit may represent both ratings provided that ac current levels are equal to or less than the dc
rating.

86.2.2 An alarm or auxiliary switch rated for pilot duty (electromagnetic loads) shall be capable of
performing alceptably when subjected to 50 cycles of operation making and breaking a_circuit consisting

of a load as indicated in Table 86.1 when connected to a test voltage adjusted to 110 percent of the value
indicated in Table 86.2.

Standard Electromagnetic I:r:abtljes ?2;'1Alarm or Auxiliary.Switches
Vditage Standard duty Heavy duty
Vrating Normal current Inrush current Normal current Inrush current
1104127 ac® 3.0 30 6.0 60
220 240 ac® 1.5 15 3.0 30
440 480 ac® 0.75 7.5 1.5 15
550 4600 ac? 0.6 6 1.2 12
1154 125dc 1.1 - 2.2 -
230+ 250 dc 0.55 - 1.1 -
550 + 600 dc 0.2 - 0.4 -
@ Power factor, .35 or less.
Table 86.2
Values of Voltage for Tests
Voltage rating of alarm or auxiliary switch Test potential in volts?®
110-120 120
127 127
220 -240 240
440 - 480 480
550 — 600 600
2 If the rating of the switch does not fail within any of the indicated voltage ranges, it is to be tested at its rated voltage.

86.2.3 The load indicated in 86.2.2 shall be an electromagnet representative of the load that the device is
intended to control. The load shall be adjusted to draw the normal and inrush currents indicated in 86.2.1
when connected to a test voltage as indicated in Table 86.2 before being connected for the test described
in 86.2.2.
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86.3 Endurance test

86.3.1

number of “With Current” operations and at the rate of operation shown in Table 26.9.

An alarm switch shall be capable of performing acceptably when subjected to 10 percent of the

86.3.2 An auxiliary switch shall be capable of performing acceptably when subjected to the number of

“With Current”

operations and at the rate of operation shown in Table 26.9.

86.3.3 The tests may be performed in conjunction with the endurance test on the circuit breaker or

switch.

86.3.4 An a
switches, the
current. For a
having a 75 |
alternating curn
ratings. See a

86.3.5 An al
voltage as ind
load as indica
device is inten

86.4 Dielect
86.4.1
capable of wi
sinusoidal pot
the circuit brea
86.4.2 Thed
87 Mechani

87.1 A mec
demonstrate t

Est shall be made on direct current with a noninductive resistance load of 100

With @an alarm or auxiliary switch installed in.the circuit breaker or switch, the acce

C only rated switches, the test shall be made on alternating current with. an
- 80 percent power factor and 100 percent of rated current. If both direc
rent ratings (l,) are the same, the test shall be conducted on direct-current to 1
50 81.10 and 81.12.

arm or auxiliary switch rated for pilot duty (electromagnetic loads) conneg
cated in Table 86.2 shall be capable of performing acceptably when making a
ed in 86.2.1. The load shall consist of an electromagnet representative of thg
ded to control.

ric voltage-withstand test

thstanding for 1 minute without bre@kdown the application of a 48 — 62 §
ential between all live parts of the accessory including the associated wiring ar
ker or switch.

dc only rated
percent rated
nductive load
t current and
epresent both

ted to a test
nd breaking a
load that the

s5sory shall be
iz essentially
d live parts of

electric voltage-withstand test shall be performed in accordance with 82.5.2 and 82.5.3.

tal Interlock

nanical interfock provided with a pair or group of circuit breakers or s

testing to Ann

87.2 A mech

he ability<to-only allow the intended circuit breaker(s) or switch(es) to be tu
x B, Réf. No. 23.

witches shall
rned “ON” by

nical interlock shall be tested in accordance with Annex B, Ref. No. 23, unles

5 the interlock

complies with either of the following:

a) Prevents the load switching from the normal source of supply to the alternate source of supply in
one continuous motion; or

b) Prevents the operating handles of both the normal and alternate supply circuit breakers or
switches from being in motion simultaneously.

88 Lock-Off

88.1
turned “ON”.

Device

A lock-off device shall prevent the circuit breaker or switch with which it is associated from being

88.2 To demonstrate the correct operation of a lock-off device, it shall be installed, per the
manufacturer's instructions, and an attempt should be made to turn the circuit breaker “ON”.
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89 Lock-On Device

89.1 A lock-on device shall prevent the circuit breaker or switch with which it is associated from being
turned “OFF”.

89.2 To demonstrate the correct operation of a lock-on device, it shall be installed per the manufacturer’s
instructions, and an attempt shall be made to turn the circuit breaker “OFF”.

RATINGS

90 General

90.1 An accessory for a circuit breaker or switch shall have voltage, current, and frequéngy or dc ratings
appropriate fgr the application.

MARKINGS

Aavisory Note¢: For products intended for use in Canada, markings shall.be"in English orlin French and
English; caution and warning markings shall be in French and English.For products interlded for use in
Mexico, all markings shall be at least in Spanish. For products intehded for use in the Unfted States, all
markings shgll be at least in English. See Annex D for suitable)translations of cautio and warning
markings.

91 General

91.1 A circyit breaker or switch provided with anfaccessory shall be marked to identify the installed
accessory. THe marking shall include type, proper&onnections (if not obvious), and the elegtrical rating of
the accessory. Location Category C. See Table-47.1.

91.2 The elgctrical rating for each type.ef-accessory shall contain at least the following information:

Type of accgssory Volts Amps DC or Hertz VA
Alarm switch X B C -
Auxiliary switch

X B C
Electrical opgrator X A X A
Over-voltage trip X A X A
Shunt trip X A X A
Under-voltage trip X A X A

X — Indicates this information required.

A — Indicates either amperes or VA information required.
B — Indicates either amperes or pilot duty rating required.
C — Indicates AC (or frequency in Hz), DC, or both.

91.3 A circuit breaker or switch provided with a shunt trip accessory, intended for use with ground-fault
sensing and relaying equipment, shall be marked to indicate the specific equipment with which it is to be
used, or shall bear the following marking, Location Category C:

a) Voltage and frequency, or dc, of tripping circuit;
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b) Rated tripping current at 0.25 second if for dc or rated tripping current at 0.033 second and 0.25
second if for ac. Where the circuit provides for automatic disconnection of the shunt trip while the
circuit breaker or switch contacts are open, the 0.25 second ac rating need not be provided; and

c) "Suitable for Ground-Fault Protection when combined with Class |, or manufacturer and
catalogue number, Ground-Fault Sensing Element”, or the equivalent.

If, in accordance with 71.2.1 and 71.2.2, an accessory is shipped from the factory separately from

the circuit breaker or switch with which it is intended to be used:

a) The accessory shall be marked with its own catalogue number or the equivalent, with the name
or trademark of the manufacturer, and with the electrical rating, except that when physical space

does

ed with some

identifi
See 84

b) Instr
or swit

{pormit-permanent—trarking—on-the—accessory—-and-the—accessory—is—mark
tation that can be referenced, a removable tag or alternate marking means
2.2

uctions shall be furnished with the accessory indicating the specifig,types of ci
hes with which the accessory is intended to be used.

c) A marking label that can be attached to the circuit breaker or switch to identify the

access
attachi

d) Inst3
makes

91.5 A circui

ory and its connections shall be furnished with the accessory, along with i
ng the label to the circuit breaker or switch.

llation and wiring instructions shall be furnished-with the accessory unless th
the installation obvious.

breaker or switch accessory shall be permitted to be marked with a type nun

the external conditions as specified in Annex B, Ref-No. 14 for which it is acceptable. A cirg

switch access

bry that complies with the requiremefts for more than one type shall be perr

multiple designations. Location Category C.

91.6 Ifanex
breaker or sw
be marked to
the manufacty

91.7 EachKki

a) lts i
switch

ernal dropping resistor is«intended to be connected between the line terminal

dentify this fact. The.circuit breaker or switch shall also be marked to indicat

or package.of.a mechanical interlock shall be marked with:

Hentification, including the catalog or type number or numbers of the circuit
es) with'which it may be used;

may be used.

rcuit breakers

field-installed
structions for

b construction

ber indicating
uit breaker or
hitted to have

5 of the circuit

tch and the line terminals_of an under-voltage trip device, the circuit breaker ¢r switch shall

e the name of

rer, the catalogue-ntimber, and the electrical rating of the resistor. Location Category C.

breaker(s) or

tradamorl namaa

b) The ket

c) The

method of installation.

91.8 Each kit shall contain a label to identify each circuit breaker or switch that is associated with the
interlock as being interlocked and instructions that the installer should label the circuit breakers. As an

example, a label may state: “Circuit breaker

is interlocked with circuit breaker

91.9 Each kit or package of a lock-off or lock-on device shall be marked with:

a) Its identification, including the catalogue or type number or numbers of the circuit breaker(s) or

switch(

b) The

es) with which it may be used;

name, trade name, or trademark of the manufacturer; and

¢) The method of installation unless the construction makes the installation plainly evident.
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91.10 For recommended symbols and abbreviations, see Annex F.

91.11 If an accessory is available for field installation in accordance with 71.2.1(c)(4), the accessory and
the circuit breaker or switch shall be clearly marked with the following or equivalent statement, “(A) or (B)
must be installed before energizing”, where part (A) is the factory installed part of the circuit breaker or
switch being removed and (B) is the accessory (or accessories) in question. If any required marking on the
circuit breaker would be removed or concealed by the accessory, the accessory shall include the removed
or covered markings. Location Category B.

ENCLOSURES

CONSTRUCTION

92 General

92.1 An overall enclosure provided with a circuit breaker shall comply with Annex’B, Ref. No. 15, except
for modificatigns and additional requirements as specifically described in this Standard.

92.2 When tonducting the rain test, consideration shall be given to the effects of the opgrating-handle
position on the integrity of the enclosure.

92.3 An ext¢rnal operating means, such as one for a disconneci, a pilot device, or a resetting operation,
mounted on gr through an enclosure shall withstand the environmental tests.

92.4 Gasketls employed on Type 12 or 12K enclosures'shall be oil resistant.

92.5 A circujt breaker enclosure that includes a‘meter socket of the semi-flush type shalllbe marked as
an enclosure [Type 3R and shall additionally be-marked concerning its use as specified in 118.4.

92.6 Exceptlas noted in 92.7, a circuit-breaker enclosure that includes a ringless meter sogket and that is
intended for gutdoor use shall:

a) Haye a permanent structural system to channel any accumulation of water to the| outside of the
enclodure;

b) Be ¢gonstructed to*prevent water from entering the circuit breaker compartment abgve the level of
live parts; and

c) Be marked as an enclosure Type 3R.

92.7 A circuit breaker enclosure that completely encloses a meter socket so that an installed meter is not
exposed to rain shall be permitted to be marked as an enclosure Type 3, 3S, 4, 4X, or combination of
these types.

92.8 An enclosure intended for surface mounting and a box proper intended for flush mounting shall be
permitted to be formed of sheet steel not less than 1.07 mm (0.042 inch) thick (base metal thickness not
including a coating thickness) provided that:

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

b) The depth of the box proper is not more than 127 mm (5 inches); and
c¢) The thickness of a cover, front, door, trim, and the like provided as part of an enclosure intended

for flush mounting is as specified in Annex B, Ref. No. 15.
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92.9 An overall enclosure constructed to accommodate a circuit breaker shall use materials throughout
that are acceptable for the purpose and shall be constructed so as to have the strength and rigidity
necessary to resist the ordinary abuses to which it may be subjected, including any tests specified in this

Standard, so that:

a) It wil

| retain its shape;

b) Doors will close tightly; and

c) Covers, fronts, and the like will fit properly.

92.10 The enclosure mentioned in 92.9 shall completely enclose all current-carrying parts whether dead

or alive, regar

dless of the position, off or on, of the circuit breaker; and with the circuit brea

ker in position

shall not have
shall be reaso

92.11 Wherg
uppermost po

92.12 A bac
terminate the
additional fast
hold-down kit
See 120.1.

92.13 Doors

93 Provision for Locking

93.1 A door
shall have pro

93.2 Means
accomplished

a)Alo
b)Alo

c) A log

any open hole or slot to provide for the movement of an operating handl€~|]
hably tight and shall have means for mounting.

circuit breaker handles are operated vertically rather than rotationally or hg
ition shall be the on position.

-fed circuit breaker that uses a friction or plug-on bus barconnection shall
field installed ungrounded supply conductors. A back-<fed-circuit breaker pro
bner that requires other than a pull to release the unit'from its mounting positi
shall be permitted to be used to terminate field ‘astalled ungrounded suppl

shall be capable of being opened 90° or more from the closed position.

or cover that gives access to the interior of the enclosure shall be fastened
ision for locking.

shall be provided fer the locking of a circuit breaker in the off position.
by any one of thefellowing means:

king means thatis part of the circuit breaker;
king means that is part of the enclosure;

kable-door or cover over the circuit breaker handle; or

'he enclosure

rizontally, the

ot be used to
vided with an
on (such as a
y conductors.

by screws or

This may be

d) A separate locking means, with instructions for its installation, which is shipped with and can be

easily i
94 Connecti

941

nstalled on the circuit breaker or the enclosure.

ons to Wiring Systems

If knockouts are provided in a circuit breaker enclosure, they may be of any size; but at least two of

them, or more when multiple conduits are involved, shall be located so that the installation of bushings will
not result in spacings between live parts and bushings of less than those specified in Table 6.2 when the
knockouts are reamed to accommodate the size of conduit required for the maximum number and gauge
of conductors necessitated by the maximum rating of the circuit breaker intended to be used in the
enclosure.

94.2 If threads for the connection of conduit are tapped all the way through a hole in a circuit breaker
enclosure, or if an equivalent construction is used, there shall not be less than 3-1/2 threads in the metal,
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and the construction of the device shall be such that a conduit bushing can be properly attached. If the
threads for the connection of conduit are not tapped all the way through a hole in an enclosure wall,
conduit hub, or the like, there shall not be less than five full threads in the metal and there shall be a
smooth well-rounded inlet hole for the conductors, which shall afford protection to the conductors
equivalent to that provided by a standard conduit bushing and which shall have an internal diameter
approximately the same as that of the corresponding trade size of rigid conduit.

94.3 A separable conduit hub shall comply with the requirements in 94.2.
95 Ventilation
95.1 Ventilating openings shall be permitted in Type 1 and Type 2 enclosures housing a circuit breaker

having a fram

95.2 A vent
metal will be 4

95.3 A vent
screening or

specified in 9%

954 The te
is less than 1
plane of the o

95.5 Alouvd

95.6 The siz
overall enclos

e size of 400 A or larger.

ating opening in an enclosure shall be constructed and located so that.no fl
mitted during the interrupting test on the circuit breaker. See 26.7.12:

lating opening in an enclosure shall have such size or shape’or shall be
by an expanded, perforated, or louvered metal panel that a’test rod having
.4 will be prevented from entering.

5t rod indicated in 95.3 shall be 13.1 mm (33/64 ineh) in diameter if the plane
02 mm (4 inches) from an uninsulated live part,»or 19.4 mm (49/64 inch) in
pening is 102 mm (4 inches) or more from such-a part.

r shall not be more than 305 mm (12 inches) in length.

e, shape, and location of a ventilating opening shall be such as not to undy
ure.

95.7 The tofal area of enclosure material removed from a wall for ventilation, together with

of ventilating

the entire sur
limitation may
and the enclo

95.8 The ar
1.29 m? (200 jn
of the parent
inch) thick co

bpenings as a result of forming the parent material, shall not exceed 25 percen

be exceeded provided suitable means of reinforcement, such as stiffeners,
sure complies.with 95.6.

ba of any yentilating opening, as defined by the opening in the parent metal, sh
n?).ifthe ventilated closing panel is formed from material that has a thickness

hme or molten

50 covered by
the diameter

pf the opening

Hiameter if the

ly weaken the

the total area
t of the area of

face of any wall in-which such ventilating openings are located, except that {he 25 percent

are employed

all not exceed
less than that

metal’ A ventilated closing panel of 1. 35 mm (0.053 inch) thick uncoated or 1

42 mm (0.056

opening of more than 5.16 m? (80 in?).

atedor Ilglller bleel or T4 AWG \4 1 ”IHI ) Oor Ilglller wire mestrsiattnotbeused to close an

95.9 The wires of a screen of a ventilating opening shall not be smaller than 16 AWG (1.3 mm?) if the
screen openings are 323 mm? (1/2 in?) or less in area, and not smaller than 12 AWG (3.3 mm?) for larger
screen openings. A supplementary screen of smaller openings may be additionally provided. The
supplementary screen shall not be considered in the evaluation of the ventilating opening screen.

95.10 Except as specified in 95.11, perforated sheet steel and sheet steel expanded mesh shall not be
less than 1.07 mm (0.042 inch) thick (base metal thickness not including a coating thickness), if the mesh
openings or perforations are 323 mm? (1/2 in?) or less in area, and shall not be less than 2.03 mm (0.080
inch) thick (base metal thickness not including a coating thickness) for larger openings.

95.11 Where the indentation of a guard on an enclosure will not alter the clearance between uninsulated
live parts and grounded metal, so as to affect performance adversely or reduce spacings below the
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minimum values given in General, 6.6.1, 0.51 mm (0.020 inch) minimum expanded metal mesh (base
metal thickness not including a coating thickness) shall be permitted. See 95.8.

95.12 If a barrier is located behind a ventilating opening to comply with 95.2, the barrier shall comply with
95.13-95.17.

95.13 Except as specified in 95.14, a sheet-metal barrier shall have a thickness of not less than 1.35 mm
(0.053 inch) if uncoated and not less than 1.42 mm (0.056 inch) if galvanized.

95.14 A metal barrier shall be permitted to be of steel of thickness less than that indicated in 95.13 if it is
formed or reinforced so that its strength and rigidity is not less than that of a flat sheet of steel having the
same dimensions as the barrier and of the specified thickness.

95.15 A nonmetallic barrier shall not be less than 6.4 mm (1/4 inch) thick and shall be~supported so as to

give adequate|strength and rigidity.

95.16 The tHickness of a nonmetallic barrier shall be permitted to be less than 6.4 mm (1
barrier is located so that it will not be subjected to mechanical abuse during installation and
supported so that it will have adequate physical strength and rigidity.

/4 inch) if the
s located and

95.17 A ven
spaced above

ilating opening in the top of the enclosure shall be €overed by a hood or prgtective shield

the opening to prevent the entry of foreign materials
96 External Operating Mechanism

96.1 It shall
in an enclosur

not be necessary to expose wiring or live parts in order to operate a circuit brgaker installed

=)

c.

96.2 An ope
shall be cons
indicates off o

ating member that indicates, the-position of the circuit breaker contacts — clo
ructed so that the door, frént, or cover cannot be secured in place so tha
tripped with the circuit breaker contacts in the closed position.

5ed or open —
the member

96.3 The co

rigidity. Screw
staked, upset,

hstruction of the operating mechanism shall be such as to provide ample
5 and nuts servingto attach operating parts to crossbars or other movable mer
or otherwisellocked in position to prevent loosening. Means shall be provided

strength and
hbers shall be
so that there

is not undue sfrain of cirCuit-breaker parts.

96.4 An extgrnal operating handle of conducting material shall be in electrical conneg¢tion with the

enclosure.

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

96.6 If the position of a circuit breaker is indicated by the position of the operating handle, the
construction of the operating mechanism shall be such that the handle cannot be left readily at or near the
off position when the circuit breaker is on.

96.7 The external member shall clearly indicate whether the circuit breaker is in the on or off position.
See also 115.1.

96.8 All metal parts, unless of corrosion resistant material, shall be protected against corrosion.
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96.9 Metal parts that are galvanized, plated, painted, or enameled are considered to be acceptably
protected against corrosion.

96.10 An external operating mechanism that is provided as part of a circuit breaker enclosure shall be
subjected to an endurance test. The number of operations shall be as indicated in Column 5 of Table 26.9,
based on the frame size of the circuit breaker used therein. The test shall be permitted to be conducted in
conjunction with the endurance test on the circuit breaker. There shall not be any mechanical malfunction
of the operating mechanism or breakage of the circuit breaker handle.

97 Cases - Insulating Material

97.1 A case_for mounting an uninsulated live part in a circuit breaker enclosure shall comply with the
requirements fin Cases — Insulating Materials, 6.3.

98 Current{Carrying Parts
98.1 Acircu
with the temp
installed and

t breaker enclosure that incorporates current carrying parts otherithan a neutr
erature test described in 26.4, when tested with its maximumcurrent rated
carrying 80 percent of rated current of the circuit breaker.

bl shall comply
circuit breaker

98.2 Any te
acceptable fo
shall comply

marked as be
wire size of af

98.3 In acir
having line te
be acceptabl
Only”. See 11

98.4 A sold
connection of
for use as ser

98.5 Unless
a terminal for
substantially

rminals provided as part of a circuit breaker enclosure, including the ne

vith the requirements of 6.4.2.2 and 6.4.2.3. See Table 6.1. If the circuit break
ng acceptable for use as service equipment, all'terminals provided shall be a
least 8 AWG (8.4 mm?).

cuit breaker enclosure having line tefminals or constructed to be used with a
minals acceptable for copper and aluminum conductors, any neutral line term
e for copper or aluminum conductors unless the enclosure is marked “Use
r.2.

bring lug or other connection which depends upon solder shall not be pr
vice equipment,
the terminal\parts intended for the connection of the grounded conductor are ¢

the connection of a grounded conductor shall be identified by means of a
whitesin» color, or the terminal may be of a metal substantially white in color

Ltral, shall be

I the wire size and type associated with the circuit¢breakers designated to be¢ installed and

br enclosure is
cceptable for a

icircuit breaker
nals shall also
Copper Wire

bvided for the

the service condugetars to a circuit breaker or circuit breaker enclosure marked acceptable

learly evident,
netallic plating
, and shall be

readily distinguishable from the other terminals.

98.6 A neutral assembly in or for use in a circuit breaker enclosure shall have an ampacity equal to the
highest ampere rating of the circuit breaker with which it is intended to be used except that when limited to
use on a 3-wire dc or 3-wire, single-phase or 4-wire, 3-phase circuit, the capacity shall be permitted to be
reduced to not less than 200 A plus 70 percent of the highest circuit breaker ampere rating with which it is
intended to be used. See 114.2.

98.7 If a circuit breaker enclosure is acceptable for use both with and without a neutral assembly, such
assembly need not be mounted in place in the circuit breaker enclosure when it is shipped from the factory
if the neutral assembly is shipped completely assembled with the necessary barriers and other
accessories which would be required for its use. The neutral assembly is acceptable for field installation if
it is complete, needs no field assembly of parts other than terminals, and has appropriate markings. See
119.1 and 119.2.
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99 Spacings
99.1 General
99.1.1 The spacings provided in a circuit breaker enclosure shall not be less than the applicable

spacings of 6.6.1.1 — 6.6.1.14.

99.1.2 Except as indicated in 101.3.1 and 101.3.2, a terminal that is intended to accommodate the
grounded conductor shall comply with the requirements in 99.1.1. The voltage between the terminal
intended to accommodate the grounded conductor and grounded metal is considered to be equal to the

line to neutral voltage of the supply.

99.2 Wiring Ispace

99.2.1 Thers
intended to be|

99.2.2 In thdg
mm?) will not
cables, rather

shall be adequate space within an enclosure for the installation and_terminati
employed.

consideration of wiring space, it is assumed that conductorsvlarger than 7
be used. For example, a 600 A connection will usually involve two 350 kcr
than one 1500 kcmil (760 mm?) conductor. If terminals are provided for the

conductors la
conductors urEess the enclosure is marked to indicate the size of conductors for which it is
also to indica

directly oppos

99.2.3 A cir
aluminum cor
identified as I
proper size aly

99.2.4 With

provided is tw
wires enter th
connected areg

er than 750 kemil (380 mm?), the wiring space provided shall be adequate

that the use of larger conductors will necessitate their being brought into
te the wiring terminals to which they are to be connected.

buit breaker enclosure having terminals identified as being acceptable w
ductors and an enclosure intended’sto be used with circuit breakers hay
eing acceptable with copper or_aluminum conductors shall provide wiring
minum conductors.

regard to the requirement;of 99.2.1, the number of wires for which wiring s
ce the number of circuit breaker poles — the maximum number of wires invo
e enclosure at thetend opposite to the end at which the terminals to whic

required. The
wiring space (
make their re

99.2.5 If kno

provision of barriers to prevent the running of wires end-to-end is acceptable
ptherwise required if the barriers are riveted, welded, or otherwise secured
oval difficult.

kouts are provided |n a side W|r|ng space the W|dth of such a space shall

located. If a solid neutral terminal is supplied, wiring space for such wirep

on of all wires

b0 kemil (380
hil (177 mm?)
connection of
for the larger
intended and
the enclosure

th copper or
ing terminals
space for the

pace is to be
ved when the
h they will be
will also be
n place of the
n place as to

be such as to

accommodatel—w itation, except
that side wiring spaces of less width shall be permltted if knockouts of appropriate size are properly
located elsewhere, and if they can be used conveniently in the normal wiring of the device. The minimum
wiring space for conductor sizes of 8 AWG (8.4 mm?) and larger are given in Table 99.1 and Table 99.2.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 489 2025.pdf

MARCH 7, 2025 NMX-J-266-ANCE-2025 ¢ CSA C22.2 No. 5:25 ¢ UL 489 169
Table 99.1
Minimum Wire-Bending Space at Terminals in mm
Wire size Wires per terminal (pole)?
AWG or kemil (mm?) 1 2 3 4 or more
14-10 (2.1-5.3) Not specified - - _
8 (8.4) 38.1 - - -
6 (13.3) 50.8 - - -
4 (21.2) 76.2 - - -
3 (26.7) 76.2 - - -
2 {33-6 88-5 -
1 (42.4) 114.3 - - -
1/0 (53.5) 127 127 177.8 -
2/0 (67.4) 1524 1524 1905 -
3/0 (85.0) 165.1  (12.7) | 165.1  (12.7) | 2082 -
4/0 (107) 177.8  (25.4) | 1905 (38.1) [\215.9 (12.7) _
250 (127) 2159 (50.8) | 2159 (50:8) | 228.6 (25.4) 254
300 (152) 254  (76.2) | 254 . {50.8) | 279.4 (25.4) ||304.8
350 (177) 304.8 (76.2) | 304.8 ¥ (76.2) | 330.2 (76.2) [[355.6 (50.8)
400 (203) 3302 (76.2) | 8302 (76.2) | 3556 (76.2) ||381.0 (76.2)
500 (253) 355.6 (76.2p| '355.6 (76.2) | 381.0 (76.2) ||406.4 (76.2)
600 (304) 381.0 (76:2) | 4064 (76.2) | 457.2 (76.2) ||482.6 (76.2)
700 (355) 406,4>%(76.2) | 4572 (76.2) | 508.0 (76.2) ||558.8 (76.2)
750 (380) 4318 (76.2) | 4826 (76.2) | 558.8 (76.2) ||609.6 (76.2)
800 (405) 457.2 508.0 558.8 609.6
900 (456) 482.6 558.8 609.6 609.6
1000 (507) 508.0 - - -
1250 (633) 558.8 - - -
1500 (260) 609.6 - - _
1750 (887) 609.6 - - —
2000 (1013) 609.6 - - -
& Wire bending gpace maybe reduced by the number of millimeters shown in parentheses under the following condlitions:
1. Only)rem bvable wire connectors receiving one wire each are used (there may be more than one removable|wire connector
per terminal).

2. The removable wire connectors can be removed from their intended location without disturbing structural or electrical parts

other than a cover, and can be reinstalled with the conductor in place.

mm 127 254 381 508 762 889 1143 127 1524 1651  177.8
(inch)y (12) (1) (1-12)  (2) 3) (3-12) (4-1/2) (5-1/2) (6) 6-112) (7)
mm 1905 2032 2159 2286 254 2794 3048 3302 3556 381.0 406.4
(inch)  (7-1/2) (8) (8-12) (9) (10) (M)  (12)  (13) (14  (15)  (16)
mm 4318 4572 4826 5080 5588 609.6

(inchy (17)  (18)  (19)  (20)  (22)  (24)
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Table 99.2
Minimum Width of Gutter and Wire-Bending Space for Conductors Through a Wall Not Opposite

Terminals in mm (inches)

Size of wire Wires par terminal (pole
A|‘(’Z ?m‘l” (mm?) 1 2 3 4 5
14-10 (2.1-5.3) Not specified - - - _
8-6 (8.4-13.3) 38.1 (1-1/2) - - - -
4-3 (21.1-26.7) 50.8 ) - - - _

2 (33.6) 635 (2-1/2) -

1 (42.4) 76.2 (3) - - - -
1/0-2/0 (563.5-67.4) 88.9 (3-1/2) 127 (5) 178 (7) - -
3/0-4/0 (85.0-107) 102 (4) 152 (6) 203 (8) L —

250 (127) 114 (4-1/2) 152 (6) 203 (8) 254 (10) _

300 - 350 (152 -177) 127 (5) 203 (8) 254 (10) 305 (12) -

400 - 500 (203 - 253) 152 (6) 203 8) 254 (10) 305 (12) 356 (14)

600 — 700 (304 - 355) 203 (8) 254 (10) 305 (2) 356 (14) 406 (16)

750 — 900 (380 —456) 203 (8) 305 (12) 356 (14) 406 (16) 457 (18)
1000 — 1250 (507 —633) 254 (10) - - - -
1500 - 2000 (760 —1010) 305 (12) - _ _ _
NOTES:
1 The table includes only those multiple-conductor combinations;that are likely to be used. Combinations not mentipned may be
given further corfsideration.
2 For circuit bredkers rated 125 A or less and marked to,indicate use of both 60 °C (140 °F) and 75 °C (167 °F) wirg, the wire
bending space ig based on the use of 60 °C (140 °F).nsulated wire.

99.2.6 The dlear wiring space at any point, independent of all projections, obstructions, gr interference
from moving parts of the operating~mechanism, shall not be less in width nor in depth than the values
given in Table [99.3.
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Table 99.3
Wiring Space
Max_imum size of Minimum width and Minimum areas in mm? (in) required for multiple wires based on factor of 2.5
Wwire or cable depth of wiring space - : Th : F H Fi § ix wi i
involved Fwe-wires Fhree-wires Feur-wires Five-wires: Six wires Seven wires
AWG or kemil
(mm?) mm (inch) mm? (in?) mm? (in?) mm? (in?) mm? (in?) mm? (in?) mm? (in?)

12 AWG 9.5 (3/8) 90 (0.14) 135 (0.21) 181 (0.28) 226 (0.85) 271 (0.42) 316 (0.49)
10 9.5 (3/18) 148 (0.23) 219 (0.34) 297 (0.46) 368 (0)57) 439 (0.68) 516 (0.80)
8 12.7 (1/2) 277 (0.43) 413 (0.64) 548 (0.85) 690 (1.07) 826 (1.28) 968 (1.50)
6 15.9 (5/8) 400 (0.62) 600 (0.93) 800 (1.24) 1000 (1.55) 1200 (1.86) 1400 (2.17)
4 19.1 (374) 516 (0.80) 774 (1.20) 1032 (1.60) 1290 (2.00) 1548 (2.40) 1806 (2.80)
3 19.1 (3/4) 587 (0.91) 877 (1.36) 1174 (1.82) 1465 (2.27) 1755 (2.72) 2052 (3.18)
2 22.2 (7/8) 665 (1.03) 1000 (1.55) 1329 (2:06) 1665 (2.58) 2000 (3.10) 2329 (3.61)
1 254 (1) 877 (1.36) 1316 (2.04) 1755 (2.72) 2194 (3.40) 2632 (4.08) 3071 (4.76)
1/0 25.4 (1) 1000 (1.55) 1503 (2.33) 2000 (3.10) 2503 (3.88) 3006 (4.66) 3503 (5.43)
2/0 254 (1) 1155 (1.79) 1729 (2.68) 2310 (3.58) 2884 (4.47) 3458 (5.36) 4039 (6.26)
3/0 28.6 (1-1/8) 1342 (2.08) 2006 (3.11) 2684 (4.16) 3348 (5.19) 4013 (6.22) 4690 (7.27)
4/0 31.8 (1-1/4) 1561 (2.42) 2342 (3.63) 3123 (4.84) 3903 (6.05) 4684 (7.26) 5465 (8.47)
250 kemil 34.9 (1-3/8) 1910 (2.96) 2865 (4.44) 3819 (5.92) 4774 (7.40) 5729 (8.88) 6684 (10.36)
300 38.1 (1-1/2) 2206 (3.42) 3310, (5.13) 4413 (6.84) 5516 (8.55) 6619 (10.26) 7716 (11.96)
350 38.1 (1-1/2) 2458 (3.81) 3690 (5.72) 4916 (7.62) 6148 (9.53) 7381 (11.44) 8606 (13.34)
400 41.3 (1-5/8) 2697 (4.18) 4045 (6.27) 5394 (8.36) 6742 (10.45) 8090 (12.54) 9439 (14.63)
500 44.5 (1-3/4) 3174 (4.92) 4761 (7.38) 6348 (9.84) 7935 (12.30) 9523 (14.76) 11110 (17.22)
600 47.6 (1-718) 3852 (5.97) 5781 (8.96) 7703 (11.94) 9632 (14.93) 1561 (17.92) 13484 (20.90)
700 50.8 (2) 4310 (6.68) 6465 (10.02) 8619 (13.36) 10774 (16.70) 2929 (20.04) 15084 (23.38)
750 50.8 (2) 4542 (7.04) 6813 (10.56) 9084 (14.08) 11355 (17.60) 3626 (21.12) 15897 (24.64)
800 54.0 (2-1/8) 4768 (7.39) 7155 (11.09) 9535 (14.78) 11923 (18.48) 4310 (22.18) 16690 (25.87)
900 57.2 (2-1/4) 5219 (8.09) 7826 (12.13) 10439 (16.18) 13045 (20.22) 5652 (24.26) 18264 (28.31)
1000 57.2 (2-1/4) 5658 (8.77) 8484 (13.15) 11316 (17.54) 14142 (21.92) 16968 (26.30) 19800 (30.69)
1250 63.5 (2-172) 7116 (11.03) 10677 (16.55) 14232 (22.06) 17794 (27.58) 21355 (33.10) 24910 (38.61)
1500 69.9 (2-3/4) 8219 (12.74) 12329 (19.11) 16439 (25.48) 20548 (31.85) 24658 (38.22) 28768 (44.59)
1750 73.0 (2-7/8) 9323 (14.45) 13981 (21.67) 18123 (28.09) 23303 (36.12) 27961 (43.34) 32626 (50.57)
2000 79.4 (3-1/8) 10348 (16.04) 15523 (24.06) 20697 (32.08) 25871 (40.10) 31045 (48.12) 36219 (56.14)
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99.2.7 The clear wiring space, independent of all projections, obstructions, or interference from moving
parts of the operating mechanism, shall be fully adequate for the wiring of the device, and shall not be less
in total area than 250 percent of the total cross-sectional area of the maximum number of wires that may
be used in such space.

99.2.8 Minimum values for some of the more common multiple-wire conditions are given in Table 99.3.

99.2.9 To determine if a wiring space complies with the requirements of 99.2.7, consideration shall be
given to the actual size of wires that will be used in that space, but it is to be assumed that wires smaller
than 12 AWG (3.3 mm?) will not be used. In computing the actual area of a wiring space, consideration

shall be given

99.2.10 For
in Table 99.1
breaker enclog

99.2.11 The
circuit breaker

99.212 Ifa
terminal to any
the barrier or g

99.2.13 The
of the wire te
terminal shall
the wall of thg
turning, such
barrier, shoulg
reduce the rag
the connection
the wall of the

99.2.14 The
space shall be

99.215 Ifa
isolating watt-

to all the available space that is permitted for the placement of wires.

h circuit breaker, the wire-bending space at the line and load terminals shall b
for the conductor size that corresponds with the maximum ampere rating
ure.

enclosure shall be as specified in Table 99.2.

ire is restricted by barriers or other means from being ‘bent in a 90° or S
usable location in the wall of the enclosure, the distance shall be measured fi
ther obstruction.

distance indicated in 99.2.10 and 99.2.11 shall\be measured in a straight line
minal closest to the wall in a direction perpendicular to the box wall or bar
be turned so that the axis of the wire opgning in the connector is as close to pe
enclosure as it can assume without’defeating any reliable means provided
bs a boss, shoulder, walls of a recess, multiple bolts securing the connector,
er, or the like shall be disregarded when the measurement is being made
ius to which the wire must be'bent. If a terminal is provided with one or more
of conductors in multiple,\the distance shall be measured from the wire oper

construction and arrangement of the operating mechanism and its relation
such that it'will not cause injury to wires.

circuit-breaker enclosure is divided by barriers into separate sections for tk
nourmeters so that field wiring is not installed from one section to another, a

with a separat

e as specified
of the circuit

wire-bending space from a connector to any barrier or other obstruction that is part of a

end from the
om the end of

from the edge
rier. The wire
rpendicular to
to prevent its
or the like. A
if it does not
onnectors for
ing closest to

enclosure. Side wire bending space, such as at a neutral inside gutter, shall b¢ measured in
a straight line from the center of the\wire opening in the direction the wire leaves the terminal

to the wiring

e purpose of
nd is provided

b cover for the meter sacket r‘nmpnrfmpnf that may bhe individt mlly sealed, the

wiring space,

wiring gutters, and wire bending space required in each section shall be based only on the field installed
conductors to be located in that section. Further, the wiring space, wiring gutters, and wire bending space
in the meter socket compartment shall be permitted to be in accordance with the requirements in Annex B,
Ref. No. 16.

100 Equipment Grounding Terminals
100.1

Provision shall be made in circuit breaker enclosures for the termination of grounding conductors.

100.2 The grounding means shall be permitted to be in the form of a kit. See 117.10.
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101 Enclosures Suitable for Use as Service Equipment (For use in US and Mexico)
101.1 General
101.1.1  The requirements in Section 101 do not apply to enclosures suitable for use as service

equipment that are intended for use in Canada. Such enclosures shall instead comply with the
requirements in Enclosures suitable for use as service equipment (for use in Canada), Section 102.

101.1.2 The grounding and bonding terms used in Section 101 are in accordance with the UL column in

Figure 101.1.

101.2 Discqnnecting means

101.2.1
conductor, sh
means for dis|

101.2.2 The
piece intende

provided with

101.23 Ifa

A G

The corresponding CEC and ANCE terms are also provided for information.

rcuit breaker enclosure which has provision for the connection of a\gfo
bll, if marked to indicate that it is acceptable for use as service equipment, be
Connecting the grounded service conductor from the grounded load conductor.

required disconnecting means shall be permitted to be a link;»Screw, or sim
d to make connection between two terminals; it shall bexpermitted to be a
a terminal or terminals.

disconnecting means as described in 101.2.1 is provided, there shall be pr

separate confection of the grounded line and load conductors:

101.3 Provi

101.3.1 Adi

provision for ¢

of the ground

ision for grounding

rcuit breaker enclosure marked as being acceptable for use as service equipn
onnection of the grounding electrode conductor to the grounded service cond
ng electrode conductor terminal*shall be in accordance with Table 101.1. A's

other connectjon means that depends updn solder is not acceptable.

101.3.2 There shall be provision for connection of the grounding-electrode conducto
101.3.1, to the grounded condueter, if a grounded conductor is provided. The provision sha
to be on the gquipment-grounding terminal assembly, bus, or the like if the main-bonding ju
bar or wire apd is connected directly from the grounded conductor to the equipment-grou

assembly. Seg Figure 101.1.
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¢ A No. 10 (4.83 mm) or larger brass or steel screw shall be permitted.
fA'No. 10 (4.83 mm) or larger brass or steel screw shall be permitted.

9 A 6.4 mm (1/4 inch) diameter or larger brass or steel screw shall be permitted.

i The Canadian Electrical Code CSA C22.1 requires copper conductor to be used as a grounding electrode conductor.

Table 101.1
Size of Grounding Electrode Conductors and Main Bonding Jumper
. Minimum size of main bonding jumper terminal®®¢ Minimum cross section of main bonding jumper in Minimum size of grott;r:iiir:glelectrode conductor
Amp;ir:et:;::g not AWG or kemil (mm?) square mm (in%)*P AWG or kemil (mm?)
Copper Aluminum’ Copper Aluminum’ bpper Aluminum’
90 8 (8.4) 6 (13.3) 8.4¢ (0.013%) 13.5¢ (0.0219) 8 (8.4) 6 (13.3)
100 6 (13.3) 4 (21.2) 13.5¢ (0.021%) 21.3¢ (0.0339 6 (13.3) 4 (21.2)
125 6 (13.3) 4 (21.2) 13.5¢ (0.021%) 21.3¢ (0.0339) 6 (13.3) 4 (21.2)
150 6 (13.3) 4 (21.2) 13.5° (0.021°) 21.3° (0.033°) 4 (21.2) 4 (21.2)
200 4 (21.2) 2 (33.6) 21.3° (0.033°) 33.5° (0.052°) 3 (26.7) 3 (33.6)
225 2 (33.6) 1/0 (53.5) 33.5%9 (0.052"9) 53.5% (0.083"9) 2 (33.6) 1/0 (53.5)
400 1/0 (53.5) 3/0" (85.0) 53.59" (0.083%M) 85290 (0.1329M) 2/0 (67.4) 3/0" (85.0)
500 1/0 (53.5) 3/0 (85.0) 53.5 (0.083) 85.2 (0.132) 3/0 (85.0) 3/0 (85.0)
600 2/0 (67.4) 4/0 (107.2) 67.7 (0.105) 107 (0.166) 3/0 (85.0) 4/0 (107.2)
800 2/0 (67.4) 4/0 (107.2) 67.7 (0.105) 107 (0.166) 3/0 (85.0) 4/0 (107.2)
1000 3/0 (85.0) 250 (127) 85.2 (0.132) 126 (0.196) 3/0 (85.0) 250 (127)
1200 250 (127) 250 (127) 114 (0.177) 126 (0.196) 3/0 (85.0) 250 (127)
1600 300 (152) 400 (203) 152 (0.236) 190 (0.294) 3/0 (85.0) 250 (127)
2000 400 (203) 500 (253) 190 (0.294) 228 (0.353) 3/0 (85.0) 250 (127)
2500 500 (253) 700 (355) 228 (0.353) 332 (0.515) 3/0 (85.0) 250 (127)
3000 600 (304) 750 (380) 266 (0.412) 380 (0.589) 3/0 (85.0) 250 (127)
4000 750 (380) 1000 (507) 380 (0.589) 523 (0.810) 3/0 (85.0) 250 (127)
@ The cross section shall be permitted to be redufed to 12.5 percentof fhie total cross section of the largest main service conductor(s) of the same material (coppr or aluminum) for any phase on equipment
rated 1200 A and above. This applies when the ¢ross section of.fhe-service conductors is limited by the wire terminal connectors provided.
® For equipment rated 1200 A or more and thatIs wiring terminals intended to connect service conductor wires sized larger than 600 kemil (304 mm?) copper of 750 kemil (380 mm?) aluminum, the cross
section of the main bonding jumper shall be at Iepst 12.5 percent of the total cross section of the largest main service conductor(s) of the same material (copper ¢r aluminum) for any phase
¢ These are also sizes for the grounded service ¢gonduetorof 101.3.3.
9 A No. 8 (4.17 mm) or larger brass or No. 10 (4.83-rim)-orlargerstesl-serew-shall-be-p ittad-

" When the ampere rating is 400 and the wire terminal connectors for the main service conductors are acceptable for two 3/0 AWG (85.0 mm?) copper or two 250 kcmil (127 mm?) aluminum conductors but will
not accept a 600 kcmil (304 mm?) copper conductor, these values shall be permitted to be reduced to 2 AWG (0.052 in?) (33.6 mm?) copper or 0 AWG (53.5 mm?) (0.083 in?) aluminum.
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Figure 101.1

Typical Grounding System for Single-Phase Service

Supply 1 7T T777 q ‘(\ Load
Circuit | > L »  Circuit
| |
i i <
| . &
5 & LS
N ©
| |
SM1110F =

Note: This figure |s only intended to show the use of terminology it is not intended to represent construction practices.

UL TERMS CEC TERMS ANCE TERMS
A - Ungroundgd service conductor Ungrounded service conductor. Conductores de fase de la §gcometida
B — Grounded service conductor Grounded service condustor Conductor de acometida pyesto a tierra
C — Grounding electrode conductor Grounding conductof: Conductor de electrodo de puesta a tierra
D - Insulated peutral bus Neutral bus Barra para neutro
E - Bonding jumper Bonding jumper Puente de union
F — Ground bys Bonding*bus/bonding connector Barra para puesta a tierra
G- Equipmerjt grounding conductor Bonding conductor Conductor de puesta a tierrp del equipo
H - Grounded circuit conductor Identified circuit conductor Conductor del circuito puesfo a tierra
I — Ungrounddd circuit conductor Ungrounded circuit conductor Conductores de fase del cirguito
J— Screw serying as bonding jumper Bonding screw Tornillo que sirve como puepte de union
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101.3.3 A circuit breaker enclosure that is marked for service equipment use shall have a terminal for a
grounded service conductor even though it has no provision for a load conductor to be connected to the
grounded service conductor. If there is no provision for such as load conductor, the grounded service
conductor terminal shall:

a) Accommodate a conductor of the same size as the grounding electrode conductor specified in
Table 101.1;

b) Be bonded to the enclosure; and

c) Be directly connected to the grounding electrode conductor terminal.

The terminals need not be supplied if the circuit breaker enclosure is marked as covered in 121.1.

101.3.4 A single wire connector shall be permitted for both the disconnecting meams, for the grounded
service condugtors and the connection of the grounding electrode conductor if the connector is capable of
separately sequring one, two, or three conductors.

101.4 Provigion for bonding
101.4.1  Theferminal indicated in 99.1.2 may be in electrical connectionwith the enclosure.|See 121.4.

101.4.2 If the connection indicated in 101.4.1 is solely by means of a screw, strap, or ¢pther bonding
device that can be readily removed and is not depended upan to perform a mechanical functjon, the circuit
breaker enclogure shall:

a) Conply with the requirement in 99.1.1 when.the bonding device is removed; or

b) Be marked as described in 121.7.

101.4.3 If thg bonding device described in:101.4.2 is provided with but not installed in the ¢ircuit breaker
enclosure and is such that the circuit"breaker enclosure complies with the requirements jn 99.1.1, the
marking descrjbed in 121.8 shall be permitted.

10144 ExcrIpt for steel or brass screws as specified in Table 101.1, a main bonding jumper shall be of
copper or alunminum and shall*have a cross-sectional area as indicated in Table 101.1.

101.4.5 Excegpt wheh'the intended use and method of installation are obvious, instructignal markings
shall accompgny the-bonding device indicated in 101.4.3.

101.4.6 Wit 2, ; have a green-
colored head. The screw shall be visible without disassembly or removal of devices inside the circuit
breaker enclosure.

101.5 Provisions for ground-fault protection

101.5.1  Ground-fault protection shall be provided with enclosures rated for solidly grounded wye-
connected services in excess of 150 V to ground, but not exceeding 1000 V phase-to-phase that are
intended for use with a minimum 1000 A rated circuit breaker and all enclosures rated 2000 A or more and
are marked for service equipment use only in accordance with 121.4. The ground-fault sensing and
relaying equipment provided shall operate to cause the service disconnecting means to open all
ungrounded conductors of the faulted circuit. The maximum setting of the ground-fault protection shall be
1200 A. The system is assumed to be solidly grounded unless marked as indicated in 123.2. It is also
assumed that a 3-phase, 3-wire enclosure shall be permitted to be connected to a solidly grounded 3-
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phase, 4-wire, wye-connected service unless the enclosure is marked as specified in 123.2. See also

125.1. The fol

a) The

lowing conditions shall also be permitted:

ground-fault protection shall be permitted to be integral to the circuit breaker.

b) Ground-fault protection need not be provided for an enclosure marked in accordance with 123.2.

c) If marked in accordance with 123.3, ground-fault protection need not be provided for a source
intended to supply power to a fire pump, or an alternate source for an emergency system or
required standby system as defined in Annex B, Ref. No. 2.

101.5.2 Where ground-fault protection is provided, it shall comply with the requirements for the

installation of

ground-fault protection equipment in this Standard, except that, if marked in accordance with

123.4, the grd
a source inte
Annex B, Ref

101.53 A d
conductor (if
installed in s
bonding conn
device for the

und-fault protection shall be permitted to initiate an audible or visual signalra
hded for emergency or required standby systems in accordance with there
No. 2.

Bny) and all ungrounded conductors of the protected circuit(zero sequence

pctions to the neutral. It shall be permitted to be on the/line’ or load side of the
protected circuit.

101.5.4 A gfound-fault protection system that combines the Qutputs of separate sensing el

neutral (if any
neutral sensir
The ungroung
device for the

10155 Ag
current (grou
current that fl
connections

insulated fromn

g element is located on the load side of any:grounding or bonding connection
ed conductor sensors shall be permitted to be on the line or load side of the
protected circuit.

round-fault protection system that uses a single sensing element to detect t
nd return type) shall be installed in such a manner that the sensing eleme

pws in the grounding electrode conductor, the main bonding jumper, and any o

noncurrent-carrying\metal.

101.5.6 Ifth
the neutral th
enclosure, s

t would interfere with the operation of a ground-fault protection system, if in ¢

s\that would interfere with its operation if grounded include all neutral parts o

round-fault protection system that uses a sensing element that encirclg

ich a manner that the sending element is located on the toad side of any

and each ungrounded conductor (residual type) shall be installed in such a n

vithin the enclosure that"may be made to the neutral. This will require the

Il be insulated and provided with at least 3.2 mm (1/8 inch) spacings throu
surface to thel enclesure. For zero sequence type ground-fault protection, or the residual tyg

her than open
quirements in

s the neutral
type) shall be
grounding or
disconnecting

ements for the
anner that the
to the neutral.
disconnecting

ne actual fault
nt detects any
her grounding
neutral to be

e enclosure or ground bus is factory bonded to the neutral, any conductive paft connected to

bntact with the
gh air or over
e ground-fault
N the load side
rfere with its

operation if grounded include all conductive parts connected to the neutral except those on the ground
side of the sensing means.

101.5.7 In an enclosure incorporating ground-fault protection of the ground return type as described in
101.5.5, the main bonding jumper shall be factory connected to the neutral bus and to the ground bus (or
the enclosure frame if a ground bus is not provided) and the enclosure shall be marked in accordance with
121.4.

101.5.8 A ground-fault protection sensor shall be securely mounted to reduce the risk of damage to it or
its leads during shipment.

101.5.9 If the construction of ground-fault sensing and relaying equipment is such that a reset operation
is required to restore the equipment to functional status following operation due to a ground fault or test:
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a) The construction shall be such as to prevent closing and maintaining contact of the
disconnecting device to be controlled by the ground-fault sensing and relaying equipment until the
reset operation is performed; or

b) Such means shall be incorporated in the disconnect device.

101.5.10 A ground-fault protection control circuit transformer with a primary rating of 12 A or less shall be
operated from a circuit protected by either a circuit breaker or branch circuit type fuses rated at not more
than 15 A. A transformer having a primary rating greater than 12 A shall be protected by an individual
overcurrent device in the primary connection, rated or set at not more than 125 percent of the rated
primary current of the transformer, except that:

a)Afu

aratad 2 A orlase mav hg 32 miccallanaousfusa
FeO =/ 01855Hay-—vea-HHS6endh PS50

b) Ove
ground
covere

101.5.11
connected on
transformer sh
of the main, o
equipment an
transformer of
load side of th
123.1 or 123|
disconnect.

101.5.12 Th
main disconn
functioning of

101.6 Provis

101.6.1  Circ
with the circui
contact by pern
equipment gr|
determined by
disconnect is

!

rcurrent protection shall not be required for the shunt trip coil of a circuit-brea
Hfault protection if the coil is connected to the load side of the controlled circ
d in 101.5.11.

The primary of a ground-fault protection control circuit transfortner shall be pq

ker used with
Lit breaker as

rmitted to be

the line or load side of the main disconnect or to an external source. The primary of such a

all be connected to two line voltage parts (not line and neutral). If connected t
I an external source, a fused disconnect switch or gircuit breaker rated for u
H providing overcurrent protection as covered in<071.5.10 shall be installed
control circuit. Overcurrent protection is not required for the control circuit

b main disconnect unless the control circuit contains a snap switch. Markings &
5 shall be provided if the transformer .is<not connected to the load side

control circuit of a ground-fault proetection system shall be connected on the |
ct if a test or monitor panel is‘\provided and if such connection is requireg
he panel.

ions for service equipment

it breaker enclosures marked for service equipment use shall be construct
breaker in the“off position, no ungrounded uninsulated live part is exposed
sons whileyservicing any field connected load terminal, including a neutral loa
bunding~terminal, or the neutral disconnect link. Exposure to inadverte
use-of the probe illustrated in Figure 101.2. If restriction to the line-side
dependent on the installation of field installed service conductors, condu

accordance wi

b the line side
se as service
ahead of the
f wired to the
s indicated in

of the main

ne side of the
for intended

ed such that,
to inadvertent
d terminal, an
nt contact is
pf the service
ctors sized in

th~Table 6.1 shall be installed in the terminals when dpmrmining exposure

o inadvertent

contact. All live parts of the line side service terminal, including the connector body and pressure screw
shall be evaluated. For circuit breaker enclosures suitable for more than one type of circuit breaker, the
evaluation shall be conducted with all types of circuit breakers and terminals.

NOTE: In accordance with the Standard for Electrical Safety in the Workplace, NFPA 70E, an electrically safe work condition should
be established prior to working on electrical equipment. Accessibility requirements do not endorse working on energized electrical

equipment.
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Figure 101.2
Straight probe

ANY CONVENIENT LENGTH

12.7mm DIA.

19.1mm DIA. (1/2 lNCH)

(3/4 INCH)

\
— U

|
14.3mm(9,/16 INCH) *\— 4.8mm R
(3/16 INCH)
101.6mm
(4 INCHES)

PA130B

101.6.2 With reference to the requirement in 101.6.1, unless otherwise marked in acfordance with
121.15, a circliit breaker enclosure is assumed to have service conductors terminated on either side of the
circuit breake.

101.6.3 Metal barriers provided to limit exposure to inadvertent contact shall:

a) Have a thickness not less than 0.81 mm (0:032 inch) if uncoated, not less than 0.6 mm (0.034)
inch if galvanized, and not less than 1.27 mt#® (0.050 inch) if aluminum.

b) Be fonstructed so that it can be readily removed or repositioned, and then re-ingtalled, without
the likelihood of contacting bare (ive parts or damage the insulation of any insulated live part.
Factory installed barriers thatlimit access to factory installed wiring and termingtions are not
requirgd to be constructed sorthat they can be removed or repositioned.

101.6.4 Nor|metallic barriers provided to limit exposure to inadvertent contact shall:

a) Comply with requirements in 6.6.1.10 for barriers used in conjunction with a minifnum air space
of 0.33 mm (0043 inch).

b) Be fonstructed so that it can be readily removed or repositioned, and then re-installed, to allow
access to/the terminal for servicing. Factory installed barriers that limit access to fgctory installed
wiring and terminations are not required to be constructed so that they can be removed or
repositioned.

101.6.5 Circuit breaker enclosures marked “Suitable for use as service equipment” shall be permitted to
provide the protection from inadvertent contact in 101.6.1 in a field installable kit when marked in
accordance with 121.16.

102 Enclosures Suitable for Use as Service Equipment (for use in Canada)
102.1 General

102.1.1 The requirements in Section 102 apply only to enclosures suitable for use as service equipment
intended for use in Canada.
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102.1.2 Molded case circuit breaker enclosures intended for use as service equipment shall comply with
102.1.3-102.2.1 and 122.1 — 122.6.

102.1.3 If an enclosure is marked for service use as described in 122.2, the circuit breaker shall be
manually operable.

102.1.4 Associated equipment that must, by its operation, be connected to the line side of the circuit
breaker, such as phase-failure or phase-reversal relays, shall be permitted to be installed in the enclosure.
Such equipment shall comply with the requirements in 4.17.4 of Annex B, Ref. No. 17.

102.1.5 The enclosure shall have provision such that incoming service conductors are capable of being
connected to the line side of the circuit breaker while maintaining separation from conductors connected to

the load side @

102.1.6 Thefe shall be provision for locking and sealing the enclosure to prevent access by

persons.
102.1.7 The

102.1.8 Wh¢g
equipment in 3
be provided wi
means for con|
a) Inco
b) Corn
c) Grol

d) Bon

e) Bon

The grounding
size for bondin

f the circuit breaker i.e., without crossing over each other.

handle of the service-disconnecting circuit breaker shall be lockable in the OFF

re a service requires a neutral conductor, enclosures~marked as suitab
ccordance with 122.2 shall be provided with a neutral'assembly. The neutral g
th an adequate number of suitable pressure-terminal connectors, clamps, or o
hecting the following:

Ming grounded circuit or grounded service esnductor;
esponding outgoing identified conductor'if any;

nding conductor;

jing jumper conductor to theienclosure; and

jing jumper conductor to the service raceway (or equivalent).

conductor terminal size shall be determined in accordance with Table 102.1
g jumper conduetors shall be determined in accordance with Table 102.2 and |

unauthorized

- position.

e for service
ssembly shall
ther approved

The terminal
[able 102.3.

Minimum Size of Grounding Conductor.:‘-ta;ll?lAeC1 %zy.;tems or common Grounding Canductor

Ampacity of largest service conductor Size of copper grounding conductor

or equivalent for multiple conductors AWG (mmz)
100 or less 8 (8.4)
101t0 125 6 (13.3)
126 to 165 4 (21.1)
166 to 200 3 (26.7)
201 to 260 2 (33.6)
261 to 355 1/0 (53.5)
356 to 475 2/0 (67.4)
Over 475 3/0 (85.0)
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Table 102.2
Minimum Size of Bonding Jumper Conductor to Service Enclosure

Rating or setting of overcurrent device

Size of bonding conductor

in circuit ahead of equipment, conduit, Copper wire Aluminum wire
etc. not exceeding — amperes AWG (mm?) AWG (mm?)
20 14 (2.1) 12 (3.3)
30 12 (3.3) 10 (5.3)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8.4)
466 8 {8-4) & (13.3)
200 6 (13.3) 4 (21.1)
300 4 (21.1) 2 (33.6)
400 3 (26.7) 1 (42.4)
500 2 (33.6) L70) (53.5)
600 1 (42.4) 2/0 (67.4)
800 1/0 (53.5) 3/0 (85.0)
1000 2/0 (67.4) 4/0 (107.2)
1200 3/0 (85.0) 250 kemil (127)
1600 4/0 (107:2) 350 kemil (177)
2000 250 kemil (127) 400 kemil (203)
2500 350 kemil (77) 500 kemil (253)
3000 400 kemil (203) 600 kemil (304)
4000 500 kemit (253) 800 kemil (405)
5000 700 kemil (355) 1000 kemil (507)
6000 800 kemil (405) 1250 kemil (633)
Table 102.3
Minimum/Size of Bonding Jumper for Service Raceways
Size of bonding jumper
Ampacity of Iarge_st sérvice Copper wire Aluminum wite
conductor or|equivalent for
multiple donductors AWG (mm?) AWG (mm?®)
100 drtess 8 84 & (13.3)
200 6 (13.3) 4 (21.1)
400 4 (21.1) 2 (33.6)
600 2 (33.6) 1/0 (53.5)
800 1/0 (53.5) 2/0 (67.4)
1000 2/0 (67.4) 3/0 (85.0)
1200 3/0 (85.0) 4/0 (107.2)

102.1.9 The bonding jumper connection described in 102.1.8(d) shall be permitted to be omitted if a
nonferrous or corrosion resistant steel screw is provided for bonding the service equipment enclosure to

the neutral bar (convertible neutral). The screw shall not be less than:

a) No. 10 for equipment rated at 100 A or less;
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b) 6.3 mm diameter for equipment rated over 100 A and up to and including 225 A; and

¢) 7.9 mm diameter for equipment rated over 225 A and up to and including 400 A.

102.1.10 The neutral assembly described in 102.1.8 shall be:

a) Constructed such that it is insulated from the enclosure;

b) Bonded to the enclosure if installed within the enclosure before shipment; and

¢) Marked in accordance with 122 .4.

102.1.11  Eqt
(8.4 mm?) or W

102.2 Grour

102.2.1
B, Ref. No. 1 4

102.3 Barriers

102.3.1 Circ
with the circui
contact by pe
determined by
applied with 4
dependent on
Table 6.1 shal
of the line sidg
circuit breake

conducted witl all types of circuit breakKers'and terminals.

NOTE: In accordg
prior to working o

Grodnd fault protection equipment shall comply with the requirements®of Rule 14

r than 8 AWG
ors.

. nfended § , hall | ided with wiri I

ith terminals acceptable for connection of 10 AWG (5.3 mm?) or larger condle
d fault protection

102 in Annex
nder the Canada column. See Annex E for additional information’.

it breaker enclosures marked for service equipment use shall be construcied such that,
breaker in the off position, no ungrounded uninsulated live part is exposed fo inadvertent
sons while servicing any field connected load terminal. Exposure to inadverfent contact is
use of the probe illustrated in Figurex102.1 applied in any possible configuration and
force not greater than 11 N. If restriction to the line-side of the service [disconnect is
the installation of field installed service conductors, conductors sized in ac¢ordance with
be installed in the terminals when determining exposure to inadvertent contact. All live parts
service terminal, including the connector body and pressure screw shall be gvaluated. For
enclosures suitable for more than one type of circuit breaker, the evaluation shall be

Id be established
quipment.

nce with CSA Standard‘Z462 Workplace Electrical Safety, an electrically safe work condition sho
electrical equipment, Accessibility requirements do not endorse working on energized electrical g
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102.3.2 With reference to the requirement in 102.3.1, unless otherwise marked in accordance with
21.9.5, a circuit breaker enclosure is assumed to have service conductors terminated on either side of the
circuit breaker.

102.3.3 Metal barriers provided to limit exposure to inadvertent contact shall:

a) Have a thickness not less than 0.81 mm (0.032 inch) if uncoated, not less than 0.86 mm (0.034)
inch if galvanized, and not less than 1.27 mm (0.050 inch) if aluminum.

b) Be constructed so that it can be readily removed or repositioned, and then re-installed, without
the likelihood of contacting bare live parts or damage the insulation of any insulated live part.
Factory installed barriers that limit access to factory installed wiring and terminations are not

requireg-te-be-constructed-se-that-they-can-be-remeoved-orrepesitioned-

102.3.4 Nonpetallic barriers provided to limit exposure to inadvertent contact shall:
a) Comply with requirements in 6.6.1.10 for barriers used in conjunction with’ a mininpum air space
of 0.33|mm (0.013 inch); and
b) Be donstructed so that it can be readily removed or repositioned;-and then re-installed, to allow
access| to the terminal for servicing. Factory installed barriers, that'limit access to fagtory installed
wiring jand terminations are not required to be constructed, so that they can bg¢ removed or
repositjoned.

102.3.5 Circliit breaker enclosures marked “Suitable for use*as service equipment” shall bp permitted to

provide the p
accordance w

PERFORMAN
103 Genera

103.1 These
breakers on ci

103.2 Excep|
shall be subje
circuit breaker

103.3 A circ

th 122.6.

CE (SHORT-CIRCUIT CURRENT-RATINGS)

requirements cover,circuit breaker enclosures intended for use with their id
Fcuits having available short circuit currents of not more than 200,000 A, rms s)

t as specifiedhin™03.3 — 103.5, a circuit breaker enclosure with short-circuit g

5 installed.

rotection from inadvertent contact in 102:3.1 in a field installable kit whén marked in

bntified circuit
mmetrical.

urrent ratings

cted to short-circuit current tests, and dielectric voltage-withstand tests with fepresentative

e short-circuit

it bréaker enclosure shall be acceptable without short-circuit testing for th

current rating

identified for use in the enclosure.

equatto theTmimmuormrinterrupting Tating of 5000, 7500, or 10,000 A of theTtircuit breaker(s)

103.4 Unless further restricted as noted in 103.3, a circuit breaker enclosure using meter-mounting
equipment shall be acceptable without any short-circuit testing for 10,000 A or less as the short-circuit
current rating.

103.5 A circuit breaker enclosure whose construction is represented by the enclosure used in the
current-interrupting tests on the identified circuit breakers need not be retested. This does not apply to
circuit breaker enclosures provided with a door, if the door is not provided, or if provided, not in the closed
position, during the current-interrupting test on the circuit breaker. See 111.1(e).
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104 Sample Selection

104.1

A representative number of sizes and ratings of the circuit breaker enclosure of each construction,

representing indoor and outdoor constructions, shall be tested to determine acceptability. If it can be
shown that the test on the outdoor construction is more severe and is representative of the indoor
enclosure, testing of the indoor construction shall be permitted to be waived.

105 Sample Preparation

105.1 Thee
105.2 Thee
the pole leas
voltage. The

copper wire 1
circuit breake

105.3 The d
plates install€]
the maximum

105.4 A cirg
test. Separatg
and maximun

105.5 A cird
or time setting

106 Line Connections

106.1 The ¢
copper cables
breaker enclo
305 mm (12

length of unsyipported cables Wwithin the enclosure. The line terminals shall be wired and ti
d on the cireuit breaker. The cables shall not be braced inside the encloslire unless the

torque marke
construction i
conduit on the

nclosure shall be mounted and supplied as in a normal installation.

nclosure shall be connected through a 30-A, nonrenewable cartridge fuse to
likely to arc to the enclosure. The fuse shall have a voltage rating not léss
connection shall be made to the load side of the limiting impedance by a~10-A
.2 — 1.8 m (4 — 6 feet) long. The fuse may be connected to the grounded c
[ is intended for use on a grounded system.

ircuit breaker enclosure shall be complete with any intended- dead-front s
d. If the enclosure is to be provided with a door, the door shalbe installed ang
short circuit current test.

uit breaker of the intended type having the maximym ampere rating shall be
circuit breaker samples shall be permitted to be.used for the maximum short
voltage tests.

uit breaker having adjustable trip features shall have all adjustments set at ma
S.

ircuit breaker enclosurée_or circuit breaker line terminals shall be connecteg
having an ampacity; based on Table 6.1, nearest to but not less than the ratin
sure or the installed:eircuit breaker. The cables shall enter the gutter through
nches) of conduit-at the line end of the enclosure, at a point that provides

hcludes provision for such bracing. A cable shall be permitted to be braced 3
supply*side.

he line lead of

than the test
WG (5.3 mm?)
bnductor if the

hield and filler
closed during

used for each
circuit current

Ximum current

by means of
g of the circuit
approximately
the maximum
ghtened to the

s it leaves the

106.2 The vatueof tightenmingtorque marked—onm & circuit—breaker—enciosure withTT

equipment shall be used if such marking appears on the enclosure.

eter-mounting

106.3 Each line circuit breaker enclosure terminal or circuit breaker terminal shall be supplied through a
cable having a length of 1.2 m (4 feet). Cable length as described in 107.2 shall be permitted.

107 LoadC

1071

onnections

The circuit breaker enclosure load terminals or circuit breaker load terminals shall be short-

circuited by a cable to each terminal having a length of 1.2 m (4 feet) and an ampacity not less than the
rating of the circuit breaker. The cables shall be lashed outside the cabinet to keep them from whipping
during the test. The cables to the load terminals or the instrument shunts shall be short-circuited by a
copper bus bar having a cross-sectional area not less than that of the cables. Cable length as described in
107.2 shall be permitted.
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107.2 If the physical arrangement of the test facilities requires leads longer than specified in 106.3 and
107.1, or lengths of bus bars necessary to extend the terminals, the additional length of leads or bus bars
shall be included in the circuit calibration.

108 Meter-Mounting Equipment

108.1 If a circuit breaker enclosure uses meter-mounting equipment, a watthour meter shall be in place
during any required short-circuit tests. Copper bus bars shall be permitted to be used in the jaws of meter-
mounting equipment when such equipment is used in conjunction with current transformers. The cross-
sectional dimensions of such bars shall be 2.4 by 19.1 mm (3/32 by 3/4 inch).

109 Short-C

ircuit Procedure

109.1 A 3-pk

breaker. Thesg tests shall be permitted to qualify a single-phase circuit breaker enclosure.

109.2 Asing
be tested on a

109.3 Excep|
intended to ag
4-wire supply
potential appli

109.4 A delf
connected in &

109.5 Acircy
for line-to-line

109.6 Theo
the test being
agreeable to a

109.7 Randdg

109.8 Contrg
the test circuit

ase circuit breaker enclosure shall be tested on a 3-phase circuit using & 3

e-phase circuit breaker enclosure using adjacent bus bars of the \3-phase con
single-phase circuit controlled as indicated in 109.8.

t as specified in 109.4, acircuit breaker enclosure rated ‘for a wye-connecte
commodate only single-pole circuit breakers shall bé tested on a wye-conneq
at the highest marked voltage rating, with a shortccircuit from one line to ne
bd to the adjacent circuit breaker with that circuit-breaker in the on position.

a connected supply may be used at the phase-to-phase voltage rating
ccordance with UL 489.

it breaker enclosure having a higher short-circuit current rating for line-to-neut
faults shall be tested with line-to=neutral faults as well as line-to-line faults.

ben-circuit voltage at the_supply connection shall be 100 — 105 percent of rat
conducted, except that, a voltage higher than 105 percent shall be permitted
Il concerned parties:The supply frequency shall be in the range of 48 — 60 Hz.

m closing shall be used for the 3-phase maximum current withstand test.

lled closing shall be used for the single-phase maximum current withstand te
shall occur within 10 electrical degrees of the zero point of the supply-voltage

-phase circuit

struction shall

i system and
ted, 3-phase,
utral and line

pf the device

ral faults than

ed voltage for

to be used if

st. Closing of
vave.

109.9 The available rms symmetrical current shall be determined at the test-station terminals unless
cable lengths, as described in 107.2, are used.

109.10 The magnitude of the test current and the power factor shall be determined by the applicable
method described in Sections C1 — C5 of Annex C. The power factor shall be in accordance with Table
26.14.

109.11  The available short-circuit current in rms symmetrical amperes shall not be less than the short-
circuit current specified for the test. The circuits used for the tests described in 109.3 and 109.5 shall be
calibrated line-to-neutral.

109.12 The maximum peak let-through current shall be measured during the short-circuit testing of
circuit breaker enclosures with meter-mounting equipment. The short-circuit rating of the circuit breaker
enclosure shall be such that the measured value does not exceed 30,000 A. Short-circuit fault currents
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can adversely affect the accuracy and operation of a watthour meter. This measurement need not be

made if:

a) The |, value of the overcurrent protective device is known to be 30,000 A or less; or

b) The

meter-mounting equipment is on the secondary side of current transformers.

110 Short-Circuit Tests

110.1
rating of the ¢

110.2 With f{he circuit breaker in the 1ully closed position, the test circuit shall be closed

breaker enclo

110.3 A tes
voltage of the

110.4 The test circuit breaker shall be closed on the circuit. If the enclosure is provided w

the circuit bre
111

111.1  After §
110, the mech
prior to the te

a) Bug
affects
of the

b) An
of the

c) The

d) The
been ¢

e) A ¢

Interpretation of Results

ircuit breaker enclosure.

sure. If the enclosure is provided with a door, it shall be closed during this test!

shall be conducted at rated short-circuit current corresponding(to the m
circuit breaker enclosure.

bker can be operated with the door closed, the door shall be closed during this

eing tested under any of the short-circuit conditions described in Short Circuit

5t and each of the following shall be complied with:

bars or straps shall not have been permanently distorted or displaced to
normal functioning of the enclosure or reduces an electrical spacing to less tf
value specified in Table 6.2.

nsulator or support shallinot have been broken or cracked to such an extent th
mounting of live parts is impaired.

fuse indicated in'105.2 shall not have opened.

enclosure.oriparts of the enclosure — such as filler plates, doors, or the like —
amaged-Or displaced to the extent that live parts are accessible.

A test shall be conducted at rated voltage corresponding to the maximum short-circuit current

on the circuit

aximum rated

ith a door and
test.

Tests, Section

anical condition of a circuit breaker enclosuré’shall be substantially the same as its condition

an extent that
an 85 percent

at the integrity

shall not have

loseddoor of the enclosure shall not have blown open more than 60° fr

positio

n.

Tm the closed

f) There shall not be evidence of arcing between live parts of opposite polarity.

g) There shall not be Type A or Type B results during the testing as determined by 26.11.8, except
that no trip-out test is required.

h) The circuit breaker enclosure shall comply with the Dielectric Voltage-Withstand Test, Section
112 with the circuit breaker or circuit breakers still installed.

112 Dielectric Voltage-Withstand Test

112.1

With all circuit breakers closed, a circuit breaker enclosure that has been subjected to the short-

circuit tests shall withstand for 1 minute without breakdown the application of a 60 Hz sinusoidal potential

of twice the m
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a) Wiring terminals of opposite polarity; and

b) Uninsulated live parts and the enclosure.

112.2 To determine whether a circuit breaker enclosure complies with the requirement in 112.1, the test
shall be conducted using a 500 VA or larger-capacity transformer, the output voltage of which is essentially
sinusoidal and can be varied. The applied potential shall be increased from zero until the required test
value is reached, and shall be held at that level for 1 minute. The applied potential shall be increased at a
substantially uniform rate and as rapidly as is consistent with its value being correctly indicated by a
voltmeter. The transformer shall be permitted to be less than 500 VA if the output voltage is measured
directly.

RATINGS
113 Genera

113.1  The short-circuit rating of a circuit breaker enclosure shall be one or more. of the valugs specified in
Table 46.1.

MARKINGS

Advisory Notel For products intended for use in Canada, markings shall be in English or in French and
English; caution and warning markings shall be in French and:English. For products intenfled for use in
Mexico, all mgrkings shall be at least in Spanish. For products intended for use in the United States, all
markings shall be at least in English. See Annex D .fer’suitable translations of caution| and warning
markings.

114 Genera

114.1 Markirlgs shall be located as indicated in Table 114.1. See Table 47.1 for location pf marking on
circuit breakerp.

Table 114.1
Location of Markings Circuit-Breaker Enclosures

Clause numhbers Subject Location cdtegories?®
(see also Table 47.1) (see notes)
General
114.2,114.3 General marking B
114.4 Durability and legibility —
114.5 Multiple factory identification ¢

Position Indication
Section 115 On, Off, Tripped A
Short-Circuit Current Rating

Section 116 Rating B

Termination Markings

RN
N
~
N
-
N
~
~

CU-AL

117.8 Conductor temperature rating

Table 114.1 Continued on Next Page
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Table 114.1 Continued

Clause numbers Subject Location categories®
(see also Table 47.1) (see notes)
1179 Tightening torque B
Enclosure types
118.1-118.3 Environmental types B
118.4 Semi-flush meter sockets
Neutral Assemblies

119.1, 119.2 Identification B
119.3 Ground-fault protection, load/size

Back-Fed Hold-Down Kit
120.1 Required hold-down kit g

Service Equipment Use
121.2 Grounded service conductor H
121.3,121.4 Permanently-bonded enclosure B
121.5,121.6 Service disconnect A
121.7 Removable bonding means =
121.8 Suitable for use as service equipment H
121.9 Separate service disconnect marking K
121.10 Use with post or pedestal =
121.11 Meter socket [
121.12, 121.13 Meter socket 4
121.14 Meter socket M
12115 Identifica'tion of service conductor termination side .

(US/Mexico)

121.16 Service barrier kit (WS/Mexico) H
122.2 Suitable for,use, as service equipment (Canada) B
122.4 Instructions for installing or removing bond (Canada) K
122.5 Identification of service conductor termination side (Canada) B
122.6 Service barrier kit (Canada) g

Service Equipment Use
123.1-123.4 Ground-fault protection =
123.5 Ground-fault protection A

A Marking shall be visible without removing the trim or cover, or opening the door of the enclosure.

B Marking shall be visible when trim or cover of enclosure is removed, or a door opened, if trim or cover may be removed or
door opened regardless of the position of the circuit breaker.

C Marking need not be visible after installation.
K  Shipped separately with circuit-breaker enclosure.
L Marking shall be visible with the meter removed.

M  Shipped separately with kit.

@ At the option of the manufacturer, a higher order of location category may be used. The order of location category is A — M, with
A being the highest.

114.2 A circuit breaker enclosure shall be marked with the manufacturer's name or trademark or other
means of identification, its type number or the equivalent, and the maximum electrical rating and type of
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circuit breaker(s) for which the enclosure is intended. In addition, appropriate neutral marking shall be
provided when necessary. See 98.6, 98.7, 119.1 and 119.2. Location Category B.

114.3 The required markings of a circuit breaker enclosure shall be on the outside of the enclosure, but
will be acceptable if located on the inside of a door or cover if the door may be opened or the cover
removed regardless of the position of the circuit breaker. Location Category B.

114.4 The marking on a circuit breaker enclosure shall be durable and legible. See 124.1.

114.5 If a manufacturer produces or assembles circuit breaker enclosures at more than one factory, each
finished enclosure shall have a distinctive marking, which shall be permitted to be in code, by which it may
be identified as the product of a particular factory. Location Category C.

114.6 For re¢ommended symbols and abbreviations, see Annex F.
115 Position Indication

115.1 Ifasu
the on and off

pplementary external operating handle is provided as part of\thé circuit breal
positions shall be appropriately marked externally. Location<Category A.

er enclosure,

115.2 Excep
additional or i
instructions fo
handle. Locati

115.3 Markir

handle, other {han a simple handle extension, that\is’not part of the circuit breaker. Such a h

permitted to rg

as noted in 115.3, if a circuit breaker handle, or a.simple extension of that h
htermediate position that it takes upon automatic¢ripping, that position and
the circuit breaker shall be described in a markifg located where visible while
bn Category A.

g to indicate the tripped position is not.required in the case of a separate, exte

main in the on position.

andle, has an
the resetting
operating the

rnal operating
andle shall be

116 Short-Cjrcuit Current Rating

116.1 A circyit breaker enclosureshall be marked with the following or equivalent informatign:
a) Thephrase "Short-Cireuit-Current Rating" and the short-circuit current rating in rms symmetrical
ampergs and, if a meter socket is used, the phrase "Watthour meter not included in short-circuit-
currenfrating”. Ifthe meter socket is rated 30 A or less (intended for use with current fransformers),

it need

b) The

not be soymarked.

Mmaximum voltage rating for each short-circuit current rating.

c) A phrase indicating that additional or replacement devices shall be of the same manufacture,
type designation, and interrupting rating. This may be accomplished by specific reference to the

device.

d) The ampere rating of the identified circuit breaker, if all ratings of a particular type designation of
an identified circuit breaker are not acceptable for use in the circuit breaker enclosure.

116.2

If the circuit breaker enclosure short-circuit current rating or ratings are the same as the

interrupting rating or ratings of the indicated circuit breaker(s), reference to those rating(s) are considered
as providing equivalent information.

116.3 The short-circuit current rating of a circuit breaker enclosure shall be located where it will be visible
if a front or trim is removed. This marking shall be:

a) An integral part of the marking containing the manufacturer's name; or
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b) An integral part of the other required marking. If there is more than one short-circuit rating, all
such ratings shall appear together. Location Category B.

117 Terminations

117.1 If any enclosure terminal, see 117.8, is marked to indicate that aluminum conductor may be used
at that terminal, such as by being marked with the symbol "Al", and if such marking is visible under the
conditions described in 117.6, the enclosure shall be marked in accordance with 117.2, 117.3, or 117.4,
whichever applies. This marking shall be visible when the cover, front, or trim of the enclosure is removed.
Location Category B.

117.2 If, because of wiring space or other factors, no enclosure terminal is acceptable for use with
aluminum cofductors, the enclosure shall be marked "USE COPPER WIRE ONLY" or.with equivalent
wording. See [98.3. Location Category B.

117.3 If the wiring space and other factors are such that all enclosure terminals’/are accgptable for use
with aluminum conductors as well as with copper conductors, the enclosure”shall be |marked "USE
COPPER OR[ALUMINUM WIRE" or with equivalent wording. Location Category B.

117.4 If the |wiring space and other factors are such that some enclesure terminals are pcceptable for
use with aluminum conductors as well as with copper conductors, while the remainder of thg terminals are
acceptable fgr use with copper conductors only, the enclosuré shall be marked "USE COPPER WIRE
ONLY EXCEPT AT TERMINALS ", or the equivalent:xThe marking shall positively identify the
terminals that|are acceptable for use with aluminum conducter. Location Category B.

117.5 The word terminal as used in 117.1 — 117.4 signifies any enclosure terminal as well gs any terminal
of any circuit breaker or neutral assembly that is installed or intended to be installed in the enclosure.

117.6 A maiking on a separately supplied ¢onnector or on a connector or part thereof that is likely to be
removed or displaced during the wiring operation is considered to be visible. Location Categpry B.

117.7 The characters in the markings described in 117.2 — 117.4 shall be legible and not less than 1.6
mm (1/16 inch) high.

117.8 A cirquit breaker enclosure with terminals mounted therein shall be marked in a|readily visible
location to indicate the required temperature rating for all field-installed conductors. Location Category B.

117.9 With fegard-to the requirements in 6.4.2.3, a circuit breaker enclosure shall be marked to show a
range of valugs or*a nominal value of tightening torque to be applied to the clamping screwg of all terminal
connectors for—i iri i ' 7S T ved. Location
Category B.

117.10 If equipment grounding terminals are not provided on the equipment as shipped, the equipment
shall be marked stating which pressure wire connector or component terminal kits are acceptable for use
with the equipment. A wire connector of the type mentioned in the marking shall be permitted to be
installed in the equipment at the factory with instructions, if necessary, to effect proper connection of the
conductor. A terminal kit shall carry an identifying marking, wire size, and manufacturer's name or
trademark. Location Category B.

117.11 An enclosure that is not provided with means for terminating equipment grounding conductors nor
has means for the field installation of an equipment grounding assembly shall be marked to indicate that
the enclosure is to be used in an installation in which the equipment is grounded by connection to metal
raceway or metallic cable sheaths.
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118 Environmental-Type Designations

118.1 A circuit breaker enclosure shall be marked with a type number indicating the external conditions
as specified in Annex B, Ref. No. 14 for which it is acceptable. A circuit breaker enclosure that complies
with the requirements for more than one type of enclosure shall be permitted to have multiple
designations. The marking shall be permitted to be on the inside or outside surface but shall be visible
after installation. Location Category B.

118.2 A circuit breaker enclosure marked with an enclosure designation of Type 3, 3S, 4, 4X, 6, or 6P
shall be permitted to additionally be marked "Raintight" or "Rainproof". A circuit breaker enclosure marked
with an enclosure designation of Type 3R shall be permitted to additionally be marked "Rainproof".
Location Category B.

118.3 A circuit breaker enclosure having an opening for accommodating a watt-hour.metar shall not be
marked with aph enclosure designation of Type 6 or 6P.

118.4 With regard to 92.5, a circuit breaker enclosure with a meter socket of the-semi-flush type shall be
provided with [markings to specify that when the enclosure is mounted as.intended, the flange shall be
covered by byilding paper or flashing. The marking shall be located on.the’ front of the flahge. Location
Category A.

118.5 An external operating mechanism shall be permitted to ©e marked with a type number indicating
the external donditions as specified in Annex B, Ref. No. 14. for which it is acceptablg. An external
operating meghanism that complies with the requirements for more than one type shall bg¢ permitted to
have multiple glesignations. Location Category C.

119 Neutral Assemblies

119.1 Excep} as indicated in 119.2, a neutral assembly that is found to be acceptablg for separate
shipment shal|l comply with the following:

a) The peutral assembly shall be-marked with:
1) Its own ampergeTrating,
2) Its own catalog number or the equivalent, and

3) The manufacturer's name or trademark.

b) The|circuit breaker enclosure shall be marked with the catalog number of the neytral assembly

and with_an indication of the valtage ratings for which the neutral bus bar must be used.

Location Category B.

119.2 A neutral assembly as described in 119.1 need not be marked with its ampere rating if all
enclosures in which it is to be used are marked with the neutral catalog number or the equivalent and the
neutral ampere rating.

119.3 In an enclosure with ground-fault protection, that part of the neutral bus for load terminations shall
be marked with the word "WARNING" and with the following or the equivalent: "Do not connect grounding
conductors to these or any other neutral terminals; to do so will defeat ground-fault protection". The
marking shall be located on or adjacent to the neutral. Location Category B.
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120 Back-Fed Hold-Down Kit

120.1 A circuit breaker enclosure intended for use with a back-fed unit hold-down kit as permitted by
92.12, shall be marked "Back-fed circuit breaker requires hold-down kit Cat. No. " or the equivalent.
121 Service Equipment Use (For use in US and Mexico)

1211

The marking requirements in Section 121 do not apply to enclosures intended for use as service

equipment that are intended for use in Canada. Such enclosures shall instead comply with the marking

requirements

121.2 If the

in Service equipment use (for use in Canada) , Section 122.

terminals for grounded service conductors described in 101.3.3 are requir

d but are not

supplied with
including the

assembly in the enclosure. Location Category B.

121.3 The marking required by 121.2 or 121.8 shall be located where it will b& visible if a

removed. Thi
a)Ani

b) An i

121.4 If the

acceptable, the circuit breaker enclosure shall be marked “Suitable only for use as servig

Location Cate

121.5 Ifaci
disconnecting
Category B.

121.6 The n
by 121.4 shal

121.7 If the
requirements

“Bonded Neufral — Remiéve bonding device for test purposes only” or equivalent. Location C

121.8 If the

the circuit breaker enclosure, the enclosure shall be marked with a catalog-
terminals, or information stating the wire size of terminals required, @nd i

b marking shall be:
htegral part of the marking containing the manufacturer's name; or

htegral part of the other required marking.

construction is as described in 101.4.1 and the-¢ircuit breaker enclosure is of

gory B.
rcuit breaker enclosure is marked <Suitable only for use as service equipmer
means for ungrounded conductors shall be marked “Service disconn
narking “Service disconnect” identifying the service disconnecting circuit bre

appear on or adjacent to the circuit breaker handle. Location Category A.

construction_is/as described in 101.4.2 and the spacings would not co
in 99.1.1 when the bonding device is removed, the circuit breaker enclosure s

consiruction is as described in 101.4.3 and the circuit breaker enclosure is of

umber of a kit
hstructions for

front or trim is

herwise found
e equipment”.

t”, the service
ect”. Location

bkers required

mply with the
hall be marked
ategory B.

herwise found

acceptable, t

he“Circuit breaker enclosure shall he marked “Suitable for use as service

equipment”, if

intended for such use. Location Category B.

121.9 If marked “Suitable for use as service equipment”’, the marking “Service Disconnect” shall be
provided in the form of pressure-sensitive labels in an envelope, or on a card, with instructions to apply
near the service disconnect means if the equipment is used as service equipment.

121.10 A circuit breaker enclosure intended to be field installed on a mounting post or pedestal for
distribution equipment shall be marked to indicate the post or pedestal with which it is to be used. Either
the post or pedestal or the circuit breaker enclosure shall bear the name or trademark of the manufacturer
and identification number of the unit or units with which it may be used. The other unit or units shall bear
the complete identification of the unit or units with which it may be used or the words “Use only with the
(posts, pedestals, or circuit breaker enclosures) marked for use with this type or catalog number product”,
or the equivalent. Location Category B.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 489 2025.pdf

194 NMX-J-266-ANCE-2025 ¢ CSA C22.2 No. 5:25 ¢+ UL 489 MARCH 7, 2025

121.11 If the socket jaws of meter mounting equipment are mounted on terminals or extensions to which
terminals are mounted and these terminals are intended for field-installed wires, service equipment shall
be marked to indicate the maximum torque to be applied to these terminals to prevent the rotation of the
jaws and terminals as specified in the rotation prevention test for socket jaws and wire connectors in

Annex B, Ref.

121.12

No. 16. Location Category B.

If a meter socket is provided along with service equipment that will automatically render load

circuit parts live when the meter is not in place, the enclosure shall be marked in a location next to the
exposed live parts with the word “WARNING” and the following or the equivalent: “Risk of electric shock.
Removal of meter does not de-energize circuit”. Location Category L.

121.13

If a meter socket is provided with a manually operated device that will render load circuit parts

live when the
parts to indica

12114 If an
installation, th
applying the m

121.15 Adcir
breaker shall
Category B.

121.16 Circy

protection fron
Service Barrie

122 Service

122.1 The m
Canada.

122.2 Equipent intended for_service use shall be marked with the following or equiva

SUITABLE FQ

122.3 The &
compartment.

meter is not in place, the enclosure shall be marked in a location next to the
e that the circuit may be live with the meter removed. Location Category L

automatic or manual closer for a meter socket is furnished in the’form of

arking. Location Category M.

be marked to identify which side the service condu€tors may be installeg

it breaker enclosures marked “Suitable for use’ as service equipment” and
 inadvertent contact in a field installable kit;:a@s permitted in 101.6.5, shall be n
F Kit, Cat. Number ” or equivalent. Location Category B.

Equipment Use (for use in Canada Only)

R USE AS SERVICE EQUIPMENT.

quipmentsmarking required by 122.2 shall be plainly visible on or withi

entintended for service use and constructed in accordance with 102.1.8 sh4d

exposed live

a kit for field

e marking specified in 121.12 and 121.13 shall be furnished withthe' kit with instructions for

Cuit breaker enclosure suitable only to connect service,conductors to one side of the circuit

in. Location

provided with
harked “Install

arking requirements in 1222 = 122.6 apply only to service equipment intendled for use in

lent wording:

n the service

Il be provided

e installed or

removed when required by the Electrical Inspection Authorities (for example, “Where Electrical Inspection
Authorities require the neutral assembly to be disconnected from the enclosure...”). Each manufacturer
shall add specific instructions applicable to the particular construction.

122.5 A circuit breaker enclosure suitable only to connect service conductors to one side of the circuit
breaker shall be marked to identify which side the service conductors may be installed in. Location
Category B.

122.6 Circuit breaker enclosures marked “Suitable for use as service equipment” and provided with
protection from inadvertent contact in a field installable kit, as permitted in 102.3.5, shall be marked “Install
Service Barrier Kit, Cat. Number ” or equivalent. Location Category B.
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123 Ground-Fault Protection

123.1  With regard to 101.5.11, when intended to be connected to an external source, the control circuit
for ground-fault protection shall be identified by a permanent marking, “External source connection for
control circuit of ground-fault sensing and relaying equipment volts (ac or dc)”. Terminals for an
external source for other types of control circuits shall be similarly marked. Location Category B.

123.2 An enclosure intended for use with a minimum 1000 A rated circuit breaker that is intended only
for use as service equipment and not provided with ground-fault protection as covered in 101.5.1(b) shall

be marked, Location Category B, for the use specified as follows:

a) For

an enclosure rated 208Y/120 V, 480Y/277 V, or 600Y/347 V, 3-phase, 4-wire:

b) For
(a)(2

~

123.3 Anen
for use as se

be marked, Lpcation Category B:

a) For
b) For

c) For
No. 2.

123.4 An er
101.5.2 shall
Category B.

123.5 If a t
connected to
permitted to b
with the word
not disconneq

1) “Suitable only for use as service equipment when supplying a continy
process” or

2) “Suitable for use as service equipment only if supplying a continuous indus

an enclosure rated 480, 600, or 1000 V, 3-phase, 3-wire, marked as specif

closure intended for use with a minimum 1000 A rated ‘circuit breaker marked
vice equipment” and not provided with ground-fault/protection as covered in 1
an alternate source for emergency service;
supplying a fire pump; or

an alternate source for required.-standby service as defined in Article 701 in

closure that has ground-fault protection with only an audible or visual signal
be marked for an altérnate source for emergency service as covered in 1

ansformer providing control voltage for ground-fault protection as covered

e identified as the “Main” but the enclosure shall be marked adjacent to the ma
“WARNING” and with the following or the equivalent: “Risk of electric shock. T

ous industrial

rial process”.

ed in (a)(1) or

vith the following addition: “or for systems where the neutral is-not solidly grounded”.

“Suitable only
01.5.1(c) shall

Annex B, Ref.

as covered in
P3.3. Location

in 101.5.11 is

the line side of the main disconnect or to a separate source, this discomnect shall be

in disconnect,
his main does

t.control and instrument circuits”. Location Category A.

124 Permanence of Marking

1241

A marking shall be molded, die-stamped, paint-stenciled, stamped or etched metal that is

permanently secured, or indelibly applied lettering on a label secured by adhesive that, upon investigation,
is found to be acceptable for the application. Ordinary usage, including likely exposure to weather and
other ambient conditions, handling, storage, and the like of the equipment is considered in the
determination of the acceptability of the application.

125 Installation Instructions for the Testing of Ground-Fault Protection of Equipment

125.1 Each ground-fault relay or apparatus incorporating a ground-fault relay or its functions shall be

provided with information sheets describing system testing instructions, and with a test form. The form
shall include a space for the date the test was performed and the results, and shall state that the form
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should be retained by those in charge of the building's electrical installation in order to be available to the
authority having jurisdiction. The instructions shall include the following items and shall basically prescribe
only that information necessary to perform the tests. The instructions shall be separate and apart from any
more elaborate test detail that the manufacturer may wish to provide. The instructions shall specify that:

a) The interconnected system shall be investigated in accordance with the manufacturer's detailed
instructions, and that this investigation is to be undertaken by qualified personnel.

b) The location of the sensors around the bus of the circuit to be protected shall be determined.
This can be done visually, with knowledge of which bus is involved.

c) The grounding points of the system shall be verified to determine that ground paths do not exist
that would bypass the sensors. The use of high-voltage testers and resistance bridges may be
suggedted.

d) Thelinstalled system is to be tested for correct response by the application, of full scale current
into thT equipment to duplicate a ground-fault condition, or by equivalent\means such as by a
simulafed fault current generated by,

1) A coil around the sensors; or
2) A separate test winding in the sensors.

e) The fesults of the test are to be recorded on the test forim provided with the instructfons.
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Annex A (Informative)
Standards for Components

A1 Component Standards

The ANCE, CSA Group, and UL Standards listed below are used for evaluation of components and
features of products covered by this Standard. These standards are to be considered to refer to the latest
edition and all amendments published to that edition.

Component type UL CSA Group ANCE
Enclosures for Electrical Equipment UL 50 CSA C22.2 No. 94 NMX-J-235/1-ANCE
d

NMX-J-235/2-ANCE

Equipment Wiripg Terminals for Use UL 486E CSA C22.2 No. 65 No eqtivalent

with Aluminum @nd/or Copper

Conductors

Ground-Fault Cjrcuit-Interrupters UL 943 CSA C22.2 No. 144 NMX-J-§20-ANCE

Ground-Fault Sensing and Relaying UL 1053 CSA C22.2 No. 144 No eqtivalent

Equipment

Insulation Coorglination Including UL 840 CSA C22.2 No. 0.2 NMX-J-1%0/1-ANCE

Clearances and Creepage
Distances for Electrical Equipment

Meter Sockets UL 414 CSA C22(2/No. 115 No eqtivalent

Polymeric Matefials — Use in UL 746C No equivalent No eqqivalent

Electrical Equipment Evaluations

Panelboards UL 67 €SA C22.2 No. 29 NMX-J-118/1-ANCE

Supplementary [Protectors for Use in UL 1077 CSA C22.2 No. 235 No eqtivalent

Electrical Equipment

Tests for Safety}Related Controls UL 991 CSA C22.2No. 0.8 No eqtivalent

Employing Solig-State Devices

Transformers, Glass 2 and 3 UL 5085-1and CSA C22.2 No. 66.3 No eqtivalent
UL .5085-3

Wire Connector UL 486A-486B CSA C22.2 No. 65 NMX-J-§43-ANCE
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Annex B (Normative)
Referenced Standards

B1 Referenced Standards

When reference is made to other organization's Standards, such reference shall be considered to refer to
the latest edition and all amendments published to that edition up to the time when this Standard was

approved.
Ref. No. United States Canada Mexico
1 NFPA 70, National Electrical Code CSA C22.1, Canadian Electrical NOM-001-SEDE,
Code Electrical installations (utility)
2 NFPA 70, National Electrical Code No equivalent NOM-001-SEDE;
Electrical installatior)s (utility)
3 EEE C37.13-1993, Low Voltage Same as U.S. No equivalent
AC Power Circuit Breakers Used in
Fnclosures
4 EEE C37.14-1999, Low Voltage Same as U.S. No equivalent
DC Power Circuit Breakers Used in
Fnclosures
5 UL 1077, Supplementary Protectors | CSA C22.2 No. 235, Supplementary | No equivalent
for Use in Electrical Equipment Protectors
6 L 486A-486B, Wire Connectors CSA C22.2 No. 65, Wire NMX-J-543-ANCE, Wire
Connectors Connectors
7 UL 486E, Equipment Wiring CSA C22.2 No. 655Nire No equivalent
Terminals for Use with Aluminum Connectors?
nd/or Copper Conductors
8 ANSTM E28, Test Method for Same as U.S. NMX-J-412-ANCE
Boftening Point by Ring-and-Ball
\pparatus
9 UL 840, Insulation Coordination CSA C22.2 No. 0.2, Insulation NMX-J-150/1-ANCE
hcluding Clearances and Coordination
Creepage Distances for Electrical
Fquipment
10 UL 5085-1, Low Voltage CSA C22.2 No. 66.3, Low-Voltage No equivalent
Transformers — Part 1: General Transformers — Part 3: Class 2 and
Requirements Class 3 Transformers
nd
JL 5085-3, Low Voltage
Transformers —=Part 3: Class 2 and
Class 3 Transformers
11 UL 943, Ground-Fault Circuit- CSA C22.2 No. 144, Ground-Fault NMX-J-520-ANCE, {5round-Fault
nterrupters Circuit Interrupters Circuit Interrupters
12 UL, 746C, Polymeric Materials — No equivalent No equivalent
Jsesin Flectrical Fqnipmpnt
Evaluations
13 UL 1053, Ground-Fault Sensing CSA C22.2 No. 144, Ground Fault No equivalent
and Relaying Equipment Circuit Interrupters: Industrial
Products — General Instruction No
1-2
14 UL 50, Enclosures for Electrical CSA C22.2 No. 94, Special Purpose | NMX-J-235/1-ANCE
Equipment Enclosures and
NMX-J-235/2-ANCE
15 UL 50, Enclosures for Electrical CSA C22.2 No. 94, Special- NMX-J-235/1-ANCE
Equipment Purpose Enclosures and
and NMX-J-235/2-ANCE
CSA C22.2 No. 4, Enclosed and
Dead-Front Switches
16 UL 414, Meter Sockets CSA C22.2 No. 115, Meter- No equivalent
Mounting Devices
17 N/A CSA C22.2 No. 14, Industrial N/A
Control Equipment
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Ref. No. United States Canada Mexico
18 Motor Craft, (Pleasure and No equivalent No equivalent
Commercial), National Fire
Protection Association (NFPA) 302
19 UL 67, Panelboards CSA C22.2 No. 29, Panelboards NMX-J-118/1-ANCE
and Enclosed Panelboards
20 IEEE C37.09-1979(R1989), Test Same as U.S. No equivalent
Procedure for AC High-Voltage
Circuit Breakers Rated on a
Symmetrical Current Basis
21 UL 1500, Ignition-Protection Test No equivalent No equivalent
for Marine Products
22 UL 1449, Surge Protective Devices | CSA C22.2 No. 8, Electromagnetic No equivalent
Interference (EMI) Filters CSA
Technical Information Letter No. I-
1IB, Surge/Transient Voltage Surge
Suppressors
23 UL 1008, Transfer Switch CSA C22.2 No. 178.1, Transfer NMX-J-672"ANCE, [Standard for
Equipment Switch Equipment Transfer-Switch Eqpipment
24 UL 1699, Arc-Fault Circuit CSA C22.2 No. 270, Arc Fault No equivalent
Interrupters Protective Devices
25 UL 60947-4-1, Low-Voltage CSA C22.2 No. 60947-4-1, Low- No equivalent
Switchgear and Controlgear — Part | Voltage Switchgear and Controlgear
4-1: Contactors and Motor-Starters | — Part 4-1: Contactors and Motor-
- Electromechanical Contactors Starters — Electromechani€al
and Motor-Starters Contactors and Motor-Starters
26 UL 508A, Industrial Control Panels CSA C22.2 No. 286, Industrial No equivalent
control panels and@ssemblies
27 UL 83, Thermoplastic-Insulated CSA C22.2 No:.75, Thermoplastic- NMX-J-010-ANCE,|Thermoplastic-
\Wires and Cables Insulated Wires and Cables Insulated Wires and Cables
28 UL 1977, Component Connectors CSA C22.2'No. 182.3, Special use No equivalent
for Use in Data, Signal, Control and | attachméent plugs, receptacles, and
Power Applications connectors
29 N/A CSA C22.2 No. 178.2 - N/A
Requirements for Manually
Operated Generator Transfer
Panels
2 The pull-out fgrce values of Table 22 of the Standard for Equipment Wiring Terminals for Use with Aluminum andfor Copper
Conductors, ULJ486E, are permitted to be'used for the evaluation of equipment wiring terminals as described in 6.4.2.2(b).
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Annex C (Normative)
Circuit Calibration and Instrumentation Test Circuits
C1 Instrumentation
C1.1 The galvanometers in a magnetic oscillograph used for recording voltage and current during circuit

calibration and while testing shall be of a type have a flat (x5 percent) frequency response from 50 to 1200
cycles per second, except that for tests involving fused circuit breakers and current-limiting circuit
breakers, the galvanometers shall have a flat (5 percent) frequency response from 50 to 3000 cycles per

second.

C2 Calibration of Galvanometers

C2.1 When ;L shunt is used to determine the circuit characteristics, a dc calibrating voltag

used. The vo
galvanometer

connected to the shunt and the intended short-circuit current is flowing. The voltage shall be

to cause the
approximately|
indicated aboV

case of a syminetrically closed single-phase circuit, any other appropriate calibration point is

The sensitivity
measured in §
obtained by d
determination

C2.2 AS50-g
same general

tage applied to the oscillograph galvanometer circuit shall result in @, def
approximately equivalent to that which is expected when the same galyanon

galvanometer to deflect in both directions. Additional calibrations shall be
50 percent and approximately 150 percent of the voltage used to obtain
e, except that if the anticipated maximum deflection is less than 150 percent,

of the galvanometer circuit in volts per mm (or inch) shall be determined from
ach case, and the results of the six trials averaged.<I'he peak amperes per n
viding the sensitivity by the resistance of the shunt. This multiplying factor i
of the rms current as described in C4.1.

e is generally
ection of the
neter circuit is
applied so as

made using
the deflection
such as in the
to be chosen.
the deflection
m (or inch) is
5 used for the

r 60-Hz sinusoidal potential may be useddor calibrating the galvanometer cifcuit using the

method described in C2.1. The resulting\factor must be multiplied by 1.414.

C2.3 When

used to calibrate the galvanometer circuit. Thevalue of current applied to the galvanomet
result in a deflection of the galvanometer approximately equivalent to that which is exped
same galvandmeter is connected to thessecondary of the current transformer and nomin
current is flowling in the primary. Additional calibrations shall be made at approximately 5
approximately| 150 percent of the eurrent used to obtain the deflection indicated above, exq
anticipated maximum deflection-is;less than 150 percent, such as in the case of a symme

single-phase
galvanometer
averaged. Theg
amperes per i
C4.1.

current transformer is used to determine the circuit characteristics, an ac cy

circuit, any other—appropriate calibration point is to be chosen. The sen
circuit in rms.amperes per mm (or inch) shall be determined in each case a
average sensitivity is multiplied by the current transformer ratio and by 1.414
nch (or mm). This constant is used for the determination of the rms current a

rrent shall be
br circuit shall
ted when the
| short-circuit

percent and
ept that if the
trically closed
sitivity of the
nd the results
o obtain peak
5 described in

C2.4 All the

palvanometer elements used shall line-up properly in the oscillograph. or the

displacement

differences shall be noted and used as needed.

C2.5 The sensitivity of the galvanometers and the recording speed shall be sufficient to provide a record
from which values of voltage, current, and power factor can be measured accurately. The recording speed
shall not be less than 1.52 m (60 inches) per second and higher speeds are recommended.

C2.6 With the test circuit adjusted to provide the specified values of voltage and current and with a
noninductive (coaxial) shunt that has been found acceptable for use as a reference connected into the
circuit, the tests indicated in C2.7 and C2.8 shall be conducted to verify the accuracy of the manufacturer's
instrumentation.

C2.7 With the secondary open-circuited, the transformer shall be energized and the voltage at the test
terminals observed to see if rectification is taking place. If rectification is occurring, the circuit is not
acceptable for test purposes because the voltage and current will not be sinusoidal. Six random closings
shall be made to demonstrate that residual flux in the transformer core will not cause rectification. If testing
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is done by closing the secondary circuit, this check can be omitted if testing is not commenced before the
transformer has been energized for approximately 2 seconds, or longer if an investigation of the test
equipment shows that a longer time is necessary.

C2.8 With the circuit short-circuited by connecting the test terminals together by means of a copper bar,
a single-phase circuit shall be closed as nearly as possible at the angle that will produce a current wave
with maximum offset. The short-circuit current and voltage shall be recorded. The primary voltage shall be
recorded if primary closing is used. The current measured by the reference shunt shall be within 5 percent
of that measured using the manufacturer's instrumentation and there shall not be any measurable
variation in phase relationship between the traces of the same current. Controlled closing is not required
for polyphase circuits.

C2.9 When the verification of the accuracy of the manufacturer's instrumentation is completed, the
reference cogxial shunt shall be removed from the circuit — it is not to be used during the fingl calibration of
the test circuif nor during the testing of circuit breakers.

C3 Alternating Current Circuits 10,000 A and Less

C3.1 For an ac circuit intended to deliver 10,000 A or less, the determination of the current and power
factor shall bg in accordance with C3.2.

C3.2 The cyrrent in a 3-phase test circuit shall be determined by.averaging the rms valiies of the first
complete cycle of current in each of the three phases. The currentiin/a single-phase test circpit shall be the
rms value of the first complete cycle (see Figure C3.1), when thecircuit is closed to produce an essentially
symmetrical qurrent waveform. The "dc component" shall not\be additionally added to the yalue obtained
when measuled as shown. In order to obtain the desired symmetrical waveform of a single-phase test
circuit, randofn or controlled closing shall be permitted;A‘waveform shall be considered to|be essentially
symmetrical if the difference between the deflection below and above the zero trace in the flrst full cycle is
no greater thgn 7 percent of the smaller deflection;;Fhe power factor shall be determined Hy referring the
open-circuit vpltage wave to the two adjacent zero“points at the end half of the first complete current cycle
by transpositipbn through an appropriate timing"'wave — the power factor to be computed as|an average of
the values oHtained by using these two current zero points and the voltage to neutral to be used in the
case of a 3-phase circuit.
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Figure C3.1
Determination of Current and Power Factor for Circuits of 10,000 A and Less

ANIFAWFA
VOLTAGE ,

CURRENT | |

TIMING

\‘INITIATION OF FAULT

a+b

Current = rms calibration of instrument element

Yi+X() £180° Y,+X,) x 180°
Power Factor = Cos [( 1+21)X 50°] . COS[(2+2 2) ¥ 180°]

in| which:

-

X and Y values are fractions of the 1/2 cycle distance in which they occur

SBp740C
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C4 Alternating Current Circuits Greater than 10,000 A

C4.1 The rms symmetrical current shall be determined, with the supply terminals short-circuited by
measuring the ac component of the wave at an instant 1/2 cycle (on the basis of a power frequency timing
wave) after the initiation of the short circuit. The current shall be calculated in accordance with Figure 7 of
Annex B, Ref. No. 20.

C4.2 For a 3-phase test circuit, the rms symmetrical current is the average of the currents in the three
phases. However, the rms symmetrical current in any one phase shall not be less than 90 percent of the
value of the required test current.

C4.3 For a single- phase circuit, closing to produce m|n|mum asymmetry may be selected but one test
shall be madg X is required for

a) Three cycles after initiation of the short circuit, the symmetrical alternating compopent of current
no less than 90 percent of the symmetrical alternating component of currenf at the end of

interrupt the test circuit is at least 100 percent of the ratingyfor which the circuit breaker is being

uits the symmetrical alternating component of\Current of all three phases shall be averaged.
In the case of the delayed-tripping test, the symmetricala@lternating component of current|at 1/2 second

C4.5 The power factor shall be determined at.an instant 1/2 cycle (on the basis of a power frequency
timing wave)|after the short circuit occurs., The total symmetrical rms amperes shall bg measured in
accordance With C4.1 and the ratio M, or Mj, calculated as follows:

Total 3 phases Asymmetrical rms Ampere
Total 3 phases Symmetrical rms Amperes

b
Er

Ratio M, (for 3 ¢ tests )

Asymmetrical rms Amperes

Ratia VT, orl ¢ tests| =
M (f ¢ ) Symmetrical rms Amperes

Using ratio M}, or-M}; the power factor is determined from Table C4.1.

Table C4.1
Short-Circuit Power Factor
Short-circuit Short-circuit
power factor, power factor,
percent Ratio My, Ratio M, percent Ratio My, Ratio M,
0 1.732 1.394 30 1.130 1.064
1 1.697 1.374 31 1.122 1.062
2 1.662 1.354 32 1.113 1.057
3 1.630 1.336 33 1.106 1.053
4 1.599 1.318 34 1.098 1.050

Table C4.1 Continued on Next Page
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Table C4.1 Continued

Short-circuit Short-circuit
power factor, power factor,
percent Ratio My, Ratio M, percent Ratio My, Ratio M,

5 1.569 1.302 35 1.091 1.046
6 1.540 1.286 36 1.085 1.043
7 1.512 1.271 37 1.079 1.040
8 1.486 1.256 38 1.073 1.037
9 1.461 1.242 39 1.068 1.034
10 1.437 1.229 40 1.062 1.031
1 1.413 1.216 41 1.058 1.029
12 1.391 1.204 42 1.053 1.027
13 1.370 1.193 43 1.049 1.025
14 1.350 1.182 44 1.045 1.023
15 1.331 1.172 45 1.041 1.021
16 1.312 1.162 46 1.038 1.019
17 1.295 1.152 47 1.035 1.017
18 1.278 1.144 48 1.032 1.016
19 1.262 1.135 49 1.029 1.014
20 1.247 1.127 50 1.026 1.013
21 1.232 1.119 55 1.016 1.008
22 1.219 1.112 60 1.009 1.004
23 1.205 1.105 65 1.005 1.002
24 1.193 1.099 70 1.002 1.001
25 1.181 1,092 75 1.0008 1.0004
26 1.170 1.087 80 1.0002 1.00001
27 1.159 1.081 85 1.00004 1.00002
28 1.149 1.076 100 1.00000 1.00000
29 1.139 1.071

C4.6 The power facter{of a 3-phase circuit may be calculated by using controlled closing so that upon

subsequent clpsings\a-different phase will be caused to have maximum asymmetrical conpditions. Each

phase would then.have the power factor determined using the method described for single-phase circuits

in C4.5. The ppwer factor in any one phase shall not be greater than that required for the test

C5 Recovery Voltage - AC

C5.1 The recovery voltage shall be at least equal to the rated voltage of the circuit breaker. The peak
value of the recovery voltage within the first full half cycle after clearing and for the next five successive
peaks shall be at least equal to 1.414 times the rms value of the rated voltage of the device under test.
Each of the peaks shall be displaced by no more than +10 electrical degrees from the peak values of the
open-circuit recovery voltage; that is, the displacement of the peak from its normal position on a sinusoidal
wave. The average of the instantaneous values of recovery voltage of each of the first six half cycles
measured at the 45- and 135-degree points on the wave shall not be less than 85 percent of the rms value
of the rated voltage of the device under test. The instantaneous value of recovery voltage measured at the
45- and 135-degree points of each of the first six half cycles shall in no case be less than 75 percent of the
rms value of the rated voltage of the device under test.

C5.2 If, in a circuit which uses secondary closing, there is no attenuation or phase displacement of the
first full cycle of the recovery voltage wave when compared with the open circuit secondary voltage wave
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before current flow, the detailed measurement of recovery voltage characteristics as indicated above shall
not be required.

C6 Direct Current Circuits

C6.1 For a dc source, the requirements of C6.1 — C6.4 shall be applied. The time constant of the test
circuit shall be determined by the method shown in Figure C6.1 and shall not be less than 0.003 seconds
for currents of 10,000 A or less or not less than 0.008 seconds for currents greater than 10,000 A.

Figure C6.1
Determination of the Short-Circuit Time Constant (Oscillographic Method) of Direct-Current
Circuits
T [r—— g
— —
/11

| I

| |
CURRENT | I'{ ¢ N S—

OA '

L [ MAXIMUM |

VOLTAGE ,

0.632 19
SA1046

C6.2 The d¢ open-circuit voltage of the circuit shall not be less than 100 percent nor rmore than 105
percent of thg rated’voltage of the unit under test, except that a higher voltage may be used [if agreeable to
all concerne n:lrhne This measurement shall be made with a voltmeter. In addition, the open circuit
voltage, as determined by the arithmetic average of the maximum and minimum values of the voltage
wave read from an oscillogram, shall be within 99 percent and 105 percent of the rated voltage of the
circuit breaker, except that a higher voltage may be used if agreeable to all concerned parties.

C6.3 The minimum point on the dc voltage wave shall not be less than 90 percent of the rated voltage of
the device under test.

C6.4 The available dc capacity of the circuit shall not be less than the value required for the rating of the
device under test as indicated in Table 26.12. The prospective current shall be determined with the supply
terminals short circuited by measuring the maximum displacement on an oscillogram at a time, after the
start of current, of no less than 4 times the required time constant. Any overshoot above time-current curve
(exponential curve) shall not be considered. If the current source has a ripple, measurements shall be
made from the midpoint of the ripple.
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C6.5 The DC recovery voltage 8 ms after opening shall not be less than 95 % of the rated voltage of the
circuit and shall be maintained for not less than 50 ms.
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Annex D (Informative)
French and Spanish Translations and Markings

D1 General

Clause English French Spanish

70.2 CAUTION Does not provide ATTENTION N'assure pas la PRECAUCION No suministra
overcurrent protection protection contre les surintensités proteccion de sobrecorriente

119.3 WARNING Do not connect AVERTISSEMENT Ne pas ADVERTENCIA No conecte los
grounding conductors to these or raccorder le conducteur de mise ala | conductores de puesta a tierra a
any other neutral terminals; to do so | terre & ces bornes ni & aucune autre | esta terminal del neutro ni a ninguna
will defeat ground-fault protection borne neutre; cela annulera la otra; silo hace se invalida la

nrnfecﬂan.conlneiesﬂﬂlas.éh.teme__pmlemldn.de.taua.q tierra

121.11 WARNING Risk of electric shock. AVERTISSEMENT Risque de choc ADVERTENCIA Ridsgo de choque
Removal of meter does not de- électrique. Le retrait du compteur ne | eléctrico. Al guitar e| dispositivo de
gnergize circuit met pas le circuit hors tension. medicion no se'des¢nergiza el

circuito,
123.5 WARNING Risk of electric shock. AVERTISSEMENT Risque de choc | ADVERTENCIA Rigsgo de choque

Tlhis main does not disconnect
cpntrol and instrument circuits

électrique. Cet interrupteur principal
ne met pas hors tension les circuits

eléctrico. Este princ|pal no
desconecta los circyitos de control e

de commande et des instruments.

instrumentos
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Annex E (For Canada Only — Informative)
Guidelines for Ground Fault Protection Equipment
E1 General
E1.1 This Annex is provided for information only.

E1.2 A ground-fault protection system that uses a sensing element that encircles the neutral conductor
(if any) and all ungrounded conductors of the protected circuit (zero sequence type) are to be installed in
such a manner that the sending element is located on the load side of any grounding or bonding
connections to the neutral. It may be permitted to be on the line or load side of the disconnecting device for
the protected circuit.

E1.3 A ground-fault protection system that combines the outputs of separate sensing.elgments for the
neutral (if any)] and each ungrounded conductor (residual type) is to be installed in suchna-manner that the
neutral sensing element is located on the load side of any grounding or bonding conhection fo the neutral.
The ungroundgd conductor sensors are permitted to be on the line or load side of-thé disconfpecting device
for the protected circuit.

e actual fault
t detects any
her grounding
neutral to be

E1.4 A groupd-fault protection system that uses a single sensing element to detect th
current (grourld return type) is to be installed in such a manner thatthe sensing elemen
current that flgws in the grounding electrode conductor, the main bonding jumper, and any ot
connections within the enclosure that may be made to the neutral. This will require the
insulated from|non-current-carrying metal.

E1.5 If the enhclosure or ground bus is factory bonded terthe neutral, any conductive part
the neutral thgdt would interfere with the operation of a greund-fault protection system, if in cq
enclosure, is tp be insulated and provided with at least 3.2 mm (1/8 inch) spacings through

surface to the jenclosure. For zero sequence type -gfound-fault protection, or the residual typ
protection, paits that would interfere with its operation if grounded include all neutral parts or
of the neutral
operation if gn
side of the sen

ounded include all conductivé-parts connected to the neutral except those ¢
sing means.

E1.6 A groumd-fault protection sensor is to be securely mounted to reduce the risk of dam
leads during shipment.

E1.7 Ifthec

required to redtore the equipment to functional status following operation due to a ground fau

a) The [construetion is to be such as to prevent closing and maintaining contact of the

connected to
ntact with the
pir or over the
e ground-fault
the load side

current sensing means. For the ground return type, parts that would intgrfere with its

n the ground

age to it or its

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

t or test:

disconnecting

device

rmnd; or

to be-controlled by the ground-fault sensing and relaying equipment until the rTset operation

is perfi

b) Such means is to be incorporated in the disconnect device.

E1.8 A ground-fault protection control circuit transformer with a primary rating of 12 A or less is to be
operated from a circuit protected by either a circuit breaker or branch circuit type fuses rated at not more
than 15 A. A transformer having a primary rating greater than 12 A is to be protected by an individual
overcurrent device in the primary connection, rated or set at not more than 125 percent of the rated

primary current of the transformer, except that:

a) Fora 120 V circuit, a fuse rated 2 A or less may be a miscellaneous fuse.

b) Overcurrent protection is not required for the shunt trip coil of a circuit breaker used with ground-

fault protection if the coil is connected to the load side of the controlled circuit breaker
E1.9.
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E1.9 The primary of a ground-fault protection control circuit transformer is permitted to be connected on
the line or load side of the main disconnect or to an external source. The primary of such a transformer is
to be connected to two line voltage parts (not line and neutral). If connected to the line side of the main, or
an external source, a dead front fuse assembly, a fused disconnect switch or circuit breaker rated for use
as service equipment and providing overcurrent protection as covered in E1.8 is to be installed ahead of
the transformer or control circuit. Over current protection is not required for the control circuit if wired to the
load side of the main disconnect unless the control circuit contains a snap switch. Markings as indicated in
123.1 or 123.5 are to be provided if the transformer is not connected to the load side of the main
disconnect.

E1.10 The control circuit of a ground-fault protection system is to be connected on the line side of the
main disconnect if a test or monitor panel is provided and if such connection is required for intended
functioning of the panel.
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Annex F (Informative)
Recommended Symbols and Abbreviations for the Marking of All Products

F1 General

F1.1 When symbols or abbreviations are used in the place of words, this Annex provides the
recommended marking symbols and abbreviations.

F1.2 A space may or may not be provided between a number and an abbreviation. For example, “480V”
or “480 V” or “Vac” or “V ac” are all permissible.

F2 Symbols

F2.1 Table FR.1 provides the recommended marking symbols used to mark products wherg appropriate.

In some instar|ces, the symbols in Table F2.1 are required by text located elsewherg,in‘this Sfandard.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 489 2025.pdf

MARCH 7, 2025

NMX-J-266-ANCE-2025 ¢ CSA C22.2 No. 5:25 ¢ UL 489

211

Table F2.1
Marking Symbols
Symbol Definition? Location®
/\/ Alternating current (ac) [IEC 60417 #5032] B
—— | Alternating current (ac) and direct current B
N | (do)[IEC 60417 #5033)]
— _— _ | Directcurrent (dc) [IEC 60417 #5031] B
| Positiva. “"IQFIQ‘ E‘; 6()/117 H50051 AS
| b ! required
Negative polarity [IEC 60417 #5006] reqﬁisre d
—— Switch A
As
® Phase required
R Two-pole circuit breaker rating for 3-phase corner
10-30 grounded delta applications B
ON (closed position) [IEC 60417 #50Q7] A
O OFF (open position) [IE€ 60417 #5008] A
@ Grounding termination point [IEC 60417 #5019] rquuisred
The condition of a battery. According to thecondition of the
G battery, the size of darkened area may vary. In combination As
with an indicator such as an LED, this symbol may be used required
to indicate the battery is being charged. [IEC 60417 #5546]
@ Function is locked [IEC 60417 #5569] rquuiSred
P
. As
m Function is unlocked [IEC 60417 #5570] required
& Current limiting © As
required

su0142a

NOTES

@ The numbers in brackets refer to the symbol number in IEC 60417.

b “As required” means that this symbol may be used to describe a rating or function in place of words wherever located on the product
as this information is not required to be marked on the product by this Standard.

¢ This symbol is used to designate current limiting in the Standard for Low-Voltage Fuses — Part 1: General Requirements, UL 248-1.
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F3 Abbreviations

F3.1 Table F3.1 provides the recommended marking abbreviations used to mark products where
appropriate.

F3.2 In some instances, the symbols in Table F3.1 are required by text located elsewhere in this

Standard.

Table F3.1
Marking Abbreviations
Abbreviation® Definition® Location®
A Ampere(s) As required
AL Aluminum wire As required
AL Only Aluminum wire only B
AWG American Wire Gauge G, G
BPS Battery Power Supply B
C Celsius As required
CB Circuit Breaker As required
CB/GFCI Circuit Breaker plus Ground Fault Circuit Interrupter C
CB/GFPE Circuit Breaker plus Ground Fault Protection of\Equipment As required
CTL Circuit Limiting C
CuU Copper wire As required
CU Only Copper wire only B
CU/AL Copper or Aluminum wire B
ft Feet As required
GFPE Ground Fault Protection of Equipment As required
HACR Heating, Air Conditioning and Refrigeration circuit breaker B
HID High Intensity Discharge lighting rated B
Hz Hertz (frequency) B
12t The'l2¢time-current curve shaping adjustment of the short time | As required
onground fault trip characteristic on electronic trip circuit
breakers
lg Ground fault pickup setting As required
l; Instantaneous pickup setting B,D,K
Iy Long-time pickup As required
I Rated current As required
in Inches As required
I Current setting As required
lsg Short-time pickup, current setting As required
kA kiloAmperes As required
kemil Wire diameter in thousands of circular mils As required
mA milliAmperes As required
MCCB Molded-case circuit breaker As required
MCP Motor Circuit Protector, instantaneous trip circuit breaker As required
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Table F3.1 Continued

Abbreviation? Definition® Location®

MCS Molded-Case Switch, meaning a product without overcurrent As required
protection

mm Millimeters As required

N Neutral As required

PV Photovoltaic C

SOL Solid (referring to wire) B

ST Shunt trip release device As required

SWD Switching duty circuit breaker B

tg Ground fault delay As required

tig Long-time delay As required

tsq Short-time delay As requifed

UVR Undervoltage trip release As.required

\% Volts As required

2 The subscriptipg of suffix letters as shown is optional.

® The numbers in brackets refer to the applicable paragraph in this Standard.

¢ “As required” eans that this abbreviation may be used to describe a rating or function in place of words wherever located on the

product as this ihformation is not required to be marked on the product by this Standard.
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ANNEX G (Normative) - MOLDED-CASE CIRCUIT BREAKERS, MOLDED-CASE SWITCHES, AND
CIRCUIT-BREAKER ENCLOSURES (MARINE USE) FOR USE UNDER USCG ELECTRICAL
SYSTEMS REGULATIONS SUBCHAPTER S (33 CFR, PART 183) AND USCG ELECTRICAL

ENGINEERING REGULATIONS SUBCHAPTER J (46 CFR, PARTS 110 - 113)

INTRODUCTION

G1 Scope

G1.1

These requirements cover marine molded-case circuit breakers and molded-case switches

intended to be installed and used aboard a boat or vessel in accordance with Annex B, Ref. No. 18; the
applicable publications of the American Boat and Yacht Council Inc.; and the regulations of the United
States Coast Guard These circuit breakers shall (‘nmply with the applir‘ahlp rpquirpmpnh of the preceding

sections of this

G1.2 These
intended for m
or less intende

G2 Glossary

G2.1 IGNITI
ignite an expld
An ignition-prd
commercial vg

Standard, except as modified or added to by the requirements in this Annex-

requirements apply to all types of circuit breakers and switches covered by
arine use and, in addition, apply to low-voltage direct-current (dc) cireuit break
d to be powered from onboard batteries.

/

DN-PROTECTED — A device or component construeted in such a manner

sive mixture of propane and air surrounding the deviee under normal operati
tected device is not necessarily "explosion-proof*.as that term is applied to de
ssels.

this Standard
prs rated 50 V

hat it will not
ng conditions.
vices used on

G2.2 MARINE CIRCUIT BREAKER OR MARINE SWITCH — One designed and constriicted to meet

special requirg
CONSTRUCT]
G3 General

G3.1 Circuit
(104 °F).

G3.2 Aterm
wire.

G3.3 A pigts
THW, TW75,

ments for marine use.

ON

breakers to be usediin marine service shall be rated for an ambient tempera

nal intended for connection of field-installed wiring shall be acceptable for str

il lead intended for external connections shall be a stranded copper conduc

ture of 40 °C

anded copper

tor, Type TW,

or ‘equivalent (moisture and flame retardant properties), having the minim

las(C2 14

um stranding

indicated in T:

o \UJV. T,

G3.4 The requirements of 6.2 for corrosion protection apply to marine circuit breakers and switches,
except that aluminum or aluminum alloys shall not be used for terminal connections or parts in direct
contact with copper conductors, even if the aluminum parts are plated.
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Table G3.1
Conductor Stranding
Conductor size
) Minimum number of strands
AWG (mm°)
18-8 (0.82-8.4) 19
6 (13.3) 37
4 (21.1) 61
2-2/0 (33.6-67.4) 127
3/0 (85.0) 259
4/0 (107) 418
PERFORMANCE
G4 General

G4.1 Maring circuit breakers and switches intended for use on vessels.oyer 19.8 m (65 [feet) in length
shall comply with the requirements of this Standard; and the additionaktesting requirements of G7.1, if
applicable.

G4.2 Maring circuit breakers and switches intended for use on'wessels 19.8 m (65 feet) of less in length
shall comply With the requirements of this Standard, with all requirements in this supplemert, and shall be
subjected to 4all of the tests in Sections G5 — G7. They shall also be subjected to the tests in Section G8 if
marked "ignitipn protected".

G5 Vibration Test

G5.1 Maring circuit breakers and switches-shall be capable of withstanding sinusoidpl vibration in
accordance With without failure of the device, change in calibration (for circuit breakers only), or failure of
the mounting| means. Permanent opening of the contacts while carrying 100 percent of|rated current,
permanent clpsing of the contacts when open, or the presence of any transient switching dction having a
duration longg¢r than 5 milliseconds, will constitute a failure of the device, see . The supply, [load wiring, or
both, shall nof come loose fromyrthe'terminals during this test.

Table G5.1
Vibration-Test Requirements

Peak-to-peak amplitude in

Type Test duration ™mm tinch) Pertod frequency
Circuit breaker marked 12 hours 10-60—-10Hz
“Ignition Protected” (4 hours in x, y, and z planes) 0.510.03 (0.020 £0.001) (every 4 minutes)
Circuit breaker not marked 12 hours 10-60—-10Hz
“Ignition Protected” (4 hours in x, y, and z planes) 0.38 £0.03 (0.015£0.001) (every 4 minutes)

G5.2 Two circuit breakers or switches shall be mounted in separate 3.43 mm (0.135 inch) steel or
aluminum panels, which shall in turn be secured to two rigid, welded test fixtures secured to the vibration
table, see Figure G5.1. One device and panel is to be secured in the intended manner to the vertical
surface of the test fixture and the other to a surface inclined 30° from the vertical. If the devices are
provided with their own enclosure, two enclosures, with the devices installed, shall be mounted directly to
the test fixtures in the manner and positions described for the individual panels. Unsupported panel
surfaces shall be kept to a minimum to avoid resonance of the panels within the test frequency range.
Each device shall be wired with stranded copper conductors of the appropriate size for the rating and
properly torqued. The wires shall be connected to a power supply and instrumentation located off the
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platform of the vibration-test machine. The wiring shall be installed to simulate a normal installation and
shall be secured within 178 mm (7 inches) of the terminals. As installed, the wiring shall not be resonant.

Figure G5.1
Typical Vibration-Table Test Setup

RIGID WELDED ALUMINUM
~=- TEST FIXTURE

ANEL—30-—DEGREES
8.43 mm (0.135 in) 3.43 mm (0.135 in)

TEST SAMPLE,
VERTICAL

VIBRATION TABLE

SB1772A

G5.3 To detgrmine whether the contacts open when closed or close when opened, an oscllloscope shall
be connected pcross the device-contacts.

G5.4 While mounted as_described in G5.2, each device shall be connected to a supgly capable of
delivering ratdd voltage{and current. The device shall be turned off during the first 2 hourg of testing in
each plane of|vibration)and turned on with 100 percent of rated current load during the fipal 2 hours in
each plane. The test:shall be conducted at room ambient.

G5.5 Each T j i i ctilinear axes,
horizontal, vertical, and lateral, for 4 hours in each plane, total 12 hours, at the amplitude specified in Table
G5.1. The vibration frequency shall be automatically cycled at a constant rate from 10 to 60 to 10 Hz every
4 minutes.

G5.6 For these tests, peak-to-peak amplitude is defined as the total displacement of sinusoidal motion of
the test table.

G6 Shock Test

G6.1 The circuit breakers or switches used in the vibration test shall withstand 5000 impacts of 10 g (322
ft/s? or 98 m/s?) peak with a duration of 20 — 25 milliseconds — measured at the base of the approximate
half-sine shock wave envelope — without failure of the device, change in calibration (for circuit breakers
only), or failure of the mounting means. Permanent opening of the contacts while carrying 100 percent of
rated current, permanent closing of the contacts when open, or the presence of any transient switching
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action having a duration longer than 5 milliseconds shall constitute a failure of the device, see G5.3. The
supply or load wiring shall not come loose from the terminals during this test.

G6.2 The device and mounting fixture used in the vibration test shall be mounted on the shock table and
subjected to the impacts indicated in G6.1. The devices shall be installed and wired as described in G5.2.
The devices shall carry 100 percent of their rated current during the first 2500 impacts and shall be in the
OFF position for the final 2500 shock impulses.

G6.3 Following the shock test, a calibration test at 200 percent of rated current shall be made as

described in 26.2.1.1. The test shall be conducted at either 25 or 40 °C (77 or 104 °F).

G7 Short-C

ircuit Test

G7.1 A shor
source of dc
initiation of th
method, sam
Withstand tes

G8 Ignition

G8.1 Marine
to be used in
the tests desa

MARKINGS
G9 General

G9.1 Inadd
with all of the

G9.2 Circuit
Devices Test,

G9.3 Maring
"For Use On

G9.4 Forre

t-circuit test shall be conducted on all circuit breakers or switches rated at 50
current capable of delivering 3000 A. The current shall be measured0.05
e short through a 1.2 m (4 foot) length of 1 AWG (42.4 mm?) stranded’ ¢opper
ble selection, and acceptance criteria shall be in accordance with Intesrupting
t, 67.7, for circuit breakers and switches, respectively.

tProtected Devices Test

circuit breakers and switches or either device in combination with their enclo
machinery spaces or other areas requiring ignitionzprotected equipment shall b
ribed in Annex B, Ref. No. 21.

tion to the requirements of G9.2@nd G9.3, the circuit breakers or switches sh
ppplicable required markings.listéd in the marking sections of this Standard.

breakers or switches marked "Ignition-Protected" shall comply with the Ign
Section G8. Location.Category C.

circuit breakers or switches not subjected to the vibration and impact tests sh
essels Over19.8 m (65 Feet) In Length". Location Category C.

commended symbols and abbreviations, see Annex F.

or less with a
seconds after
wire. The test
fest, 26.7, and

sures intended
e subjected to

bll be provided

tion-Protected

all be marked,
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ANNEX H (Normative) - MOLDED-CASE CIRCUIT BREAKERS, MOLDED-CASE SWITCHES, AND
CIRCUIT-BREAKER ENCLOSURES (NAVAL USE)

INTRODUCTION
H1 Scope

H1.1 These requirements cover molded-case circuit breakers, molded-case switches, and circuit breaker
enclosures intended for use aboard non-combatant and auxiliary naval ships. A naval circuit breaker or
molded-case switch shall comply with the applicable requirements of the preceding sections of this
Standard, except as modified or added to by the requirements in this Annex.

PERFORMANEE

H2 Vibration Test
H2.1 General

H2.1.1 During and after the vibration tests specified in H2.2.1— H2.3.8, @ naval circuit [breaker shall
comply with all of the requirements below. A molded-case switch shall comply with all of the|requirements
below except (d) and (f):

a) Shall not open the contacts when they are in the closed position;

b) Shall not close the contacts when they are in the open position;

c) Shalf continue to perform its intended functionwith no adjustments or repairs;
d) Shall fall within the limits of the specified time bands for calibration;

e) Shall have an insulation resistance of 10 megohms after vibration test; and

f) Shalllnot exceed 15 percent of the calibration limits specified in 26.2.2 or 26.11.2, as applicable.

H2.1.2 During and after the vibration tests specified in H2.2.1— H2.3.3, fuse units shall[not open the
circuit, changqg protective charactetistics, lose filler material, or show signs of deformation.

H2.1.3 To dgtermine whether the contacts open when closed or close when open, an osdillograph is to
be connected pcross thecircuit breaker or switch contacts.

motion (total table displacement).

H2.1.4 For t%vese tests, peak-to-peak amplitude is defined as the maximum displacemen{ of sinusoidal

H2.2 Resonance frequency test

H2.2.1 A search shall be made to determine the presence of resonance. A circuit breaker or switch shall
be vibrated at a peak-to-peak amplitude of 0.51 £0.05 mm (0.020 £0.002 inch) in three rectilinear axes,
horizontal, vertical, and lateral at frequencies starting at 4 Hz (or the lowest attainable frequency) to 33 Hz.
A change in frequency shall be made in discrete intervals of 1 Hz and maintained at each frequency for 15
seconds. The frequency and orientation at which resonances occur shall be noted.

H2.2.2 If a resonance has been determined in accordance with H2.2.1, the circuit breaker or switch shall
be subjected to that resonant frequency, displacement, and orientation in accordance with H2.2.1 for 2
hours. If no resonance is observed in accordance with H2.2.1, the test shall be conducted at 33 Hz at an
amplitude of 0.51 £0.05 mm (0.020 +£0.002 inch) for 2 hours in any plane.
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H2.3 Variable frequency test

H2.3.1 A variable frequency test shall be conducted separately in each of the three rectilinear axes,
horizontal, vertical, and lateral. All tests in one direction shall be completed before proceeding to the tests
in another direction. The circuit breaker or switch shall be energized as intended in actual service during
the test. The test shall be conducted at room temperature.

H2.3.2 Two circuit breakers or two switches shall be mounted as specified in H2.3.3 and subjected to the
vibration displacement ranges and amplitude specified in Table H2.1. The vibration equipment shall be
varied in discrete frequency intervals of 1 Hz and shall be maintained at each interval for 5 minutes.

Table H2.1
Displacement of Vibration
Table amplitude
Frequency range ]
Hz mm (inch)
4t015 1.52 +0.15 (0.060 +0.0p6)
16 to 25 1.02 +0.10 (0.040 £0.0p4)
26 to 33 0.51 £0.05 (0.020 £0.0p2)

H2.3.3 Two [circuit breakers or two switches shall be mounted<n separate 3.43 mm (0.13% inch) steel or
aluminum panels, which shall in turn be secured to two rigid, welded test fixtures secured to the vibration
table, see Figure H2.1. One device and panel shall be secured in the intended manner |to the vertical
surface of the test fixture and the other to a surface_inglined 30° from the vertical. If thHe devices are
provided with|their own enclosure, two enclosures, with.the devices installed, shall be mounted directly to
the test fixtufes in the manner and positions described for the individual panels. Unsupported panel
surfaces shall be kept to a minimum to avoid résohance of the panels within the test frefjuency range.
Each device ghall be wired with stranded copper conductors of the appropriate size for the rating and
properly torq}eed. The wires shall be connetted to a power supply and instrumentation located off the

platform of the vibration-test machine. Thetwiring shall be installed to simulate a normal installation and
shall be secufed within 178 mm (7 inches) of the terminals. As installed, the wiring shall not be resonant.
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Figure H2.1
Typical vibration-table test setup

RIGID WELDED ALUMINUM
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H3 Calibratipn Test
H3.1 200 pefcent calibration test

H3.1.1 A calibration test at 200«percent of rated current shall be made as described|in 26.2. The
calibration shdll not exceed £5 percent of the limits. The test shall be conducted at 50 °C (122 °F).

H3.2 100 pefcent calibration test

H3.2.1 A cirguit breaker shall be capable of carrying 100 percent of its rated current withodt tripping until
temperatures fpecome constant. The test shall be conducted on a new representative dgvice with the
temperature of the'ambient air at 50 +3 °C (122 +5 °F). See 26.2.4.

MARKINGS
H4 General

H4.1 In addition to the requirement in H4.2, a circuit breaker or switch shall be provided with all the
applicable required markings specified in the marking sections of this Standard.

H4.2 A circuit breaker or switch that complies with the requirements in Sections H1 — H3, in addition to
the requirements in this Standard, shall be marked "Naval", or the equivalent. Location Category C.

H4.3 A circuit breaker that complies with the requirements in Sections H1 — H3, in addition to the
requirements in this Standard, shall be permitted to be marked “50 °C”.

H4.4 Forrecommended symbols and abbreviations, see Annex F.
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ANNEX | (Normative) - MOLDED-CASE CIRCUIT BREAKERS AND MOLDED-CASE SWITCHES FOR
USE WITH BATTERY POWER SUPPLIES

INTRODUCTION
11 Scope

1.1 These requirements cover molded-case circuit breakers and molded-case switches rated greater
than 250 V dc intended for use with battery power supplies (BPS), which may be wired with multiple poles
in series that may be used in uninterruptible power supplies or for energy storage in renewable energy
systems.

1.2 A molded-ease-tiretit-breakerandn case-switeh-ter S with-battery-power supplies
shall comply [with the applicable requirements of the preceding sections of this Standgrd, except as
modified or sypplemented by the following requirements.

11.3 These fequirements do not cover molded-case circuit breakers or molded:Case switghes rated 250
V dc or less.

12 Glossary

12.1 BPS MPLDED-CASE CIRCUIT BREAKER - A circuit breaker intended for use in|BPS systems
rated greater than 250 V dc.

2.2 BPS MPLDED-CASE SWITCH — A molded case switch intended to open and close a circuit by
nonautomaticimeans and intended for use in BPS systems-rated greater than 250 V dc.

CONSTRUCTION
I3 General

13.1 BPS cifcuit breakers shall have-the same construction and comply with the requirements for ac
rated circuit bfeakers as specified in Sections 6 — 25.

13.2 BPS switches shall have the same construction and comply with the requirements for ac rated
switches as specified in Sections 65 — 66.

PERFORMANCE

14 General

4.1 The sample selection and performance test sequences for BPS circuit breakers shall be conducted
as specified in Section 26 except as modified in Sections 15 — [10.

4.2 A BPS switch shall comply with the general performance requirements as specified in Sections 67 —
68 except as modified in Sections 16, 17, 111, and [12.

14.3 For a BPS switch that is identical in ratings and construction to a BPS circuit breaker that complies
with the requirements of Supplement SC and in which the release element is either omitted or made
inactive, except for the instantaneous release, no additional testing is required.

I5 Calibration Test

I15.1 A BPS circuit breaker shall be subjected to all of the applicable calibration and recalibration tests,
including the adjustable instantaneous response calibration test specified in 26.2.5.1.
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16 Overload Test

16.1 A BPS circuit breaker or switch shall be subjected to the overload test specified in 26.3 at the
maximum rated voltage specified in Table 18.1. The number of operations and the test current of the
overload test shall be in accordance with Table 16.1.

Table 16.1
Overload Test
Device rating
amperes No. of cycles Percent of rated current
249 and less 50 200
250 — 6000 25 200

I7 Endurande Test

I7.1 A BPS gircuit breaker or switch shall be subjected to the endurance test specified |n 26.5 at the
maximum rated voltage specified in Table 18.1. The number of operations of\the endurance test shall be in

accordance with Table 17.1.

Table 17.1
Endurance Test

Deyice rating

Cycles of operation

mperes With load Without load
249 and less 1000 1000
250 to 6000 400 400

I8 Interrupting Test

18.1 A BPS ¢ircuit breaker shall be subjected to the interrupting tests specified in 26.7 gt the nominal
rated voltage ppecified in Table 18:1. The test currents shall be selected from the “Commen” column in
Table 26.12. The sequence for-these tests shall be “O - CO - O”.

Table 18.1
Voltage Rating, Volts DC

Level Nominal Maximun
1 384 500
2 500 600
3 600 750
4 800 1000
5 1250 1500

19 Dielectric Voltage-Withstand Test

19.1 A BPS circuit breaker or switch shall be subjected to the dielectric voltage-withstand test specified in

26.9.
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110 High-Available-Fault-Current Testing

110.1 A BPS circuit breaker may be subjected to the high-available-fault-current tests specified in 26.11.
The interrupting capacity test specified in 26.11.4.1 shall be conducted at the nominal voltage rating
specified in Table 18.1.

111  Short Circuit Current Withstand Test

111.1 A BPS switch shall perform successfully when operated under conditions indicated in 67.7 except
as modified by 111.2 — [11.4.

111.2 A BPS switch shall withstand the designated current until the overcurrent protective device opens.

[ <l $ + 4+ 1 14 £ H 9=~ BH Takl 10 _4
The test Sha” VT LUTNMTUULLITU AU TS TV vUIAy© Tatity opouincu it Tduic 10, T.

111.3 For a BPS switch not marked as requiring a specific circuit breaker or fuse, the\test qurrent shall be
maintained fof 0.050 sec. or the time required for an instantaneous release mechanism to rejspond.

111.4 At the lconclusion of the withstand test, the BPS switch shall be subjected to the Dielectric Voltage-
Withstand Test specified in 67.7.3.

112 Contac{ Opening Test

112.1 If a BPS switch is tested as indicated in 67.7.6, the testéshall be conducted at the|nominal rated
voltage as specified in Table 18.1.

112.2 At the|conclusion of the test, the switch shall be\Subjected to the Dielectric Voltage-YVithstand Test
specified in 67.7.7.

112.3 The npmber of operations for a DC switeh constructed using multiple poles connegcted in series
shall be three

RATINGS
113 Genera

113.1 A BPS circuit breaker-or switch shall be rated for one of the nominal and maximum dc voltages
indicated in Table 18.1.

MARKINGS

114 Genera

114.1 In addition to the following requirements, a BPS circuit breaker or switch shall be provided with all
the applicable required markings specified in the preceding marking sections of this Standard.

114.2 A BPS circuit breaker or switch shall be marked with the nominal and maximum dc voltage rating.
Location Category B.

114.3 A BPS circuit breaker or switch shall be marked with a wiring diagram indicating the proper
connections of the poles in series. Location Category B.

114.4 A BPS circuit breaker or switch shall be marked to indicate it is intended for use on ungrounded
systems only. Location Category B.
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[14.5 A BPS circuit breaker shall be marked "For V dc nominal V dc
maximum rating the circuit breaker is suitable only for use with battery power supplies". The blank lines
shall be filled in with the appropriate ratings from Table 18.1. The words "battery power supplies" shall be
permitted to be abbreviated "BPS". Location Category B.

114.6 Forrecommended symbols and abbreviations, see Annex F.

114.7 A BPS switch shall be marked, “For V dc nominal V dc
maximum rating the molded case switch is suitable only for use with battery power supplies”. The blank
lines shall be filled in with the appropriate ratings from Table 18.1. The words “battery power supplies” shall
be permitted to be abbreviated “BPS”. Location Category B.

114.8 A BPS swi “ i delivering not
more than __ | amperes, rms symmetrical, when protected by (Type __ BPS-cjrcuit breaker)
rated amperes maximum” or equivalent marking. See Short Circuit Current| Wjthstand Test,

Section 111.

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 489 2025.pdf

	PREFACE 
	INTRODUCTION 
	1 Scope 
	2 Definitions 
	3 Components 
	4 Units of Measurement 
	5 Reference Publications 

	MOLDED CASE CIRCUIT BREAKERS 
	CONSTRUCTION 
	6 All Types 
	6.1  General 
	6.2  Corrosion protection 
	6.3  Cases – Insulating material 
	6.4  Current-CARRYING PArts 
	6.5  Operating mechanism 
	6.6  Spacings 

	7 Current-Limiting Circuit Breakers 
	8 Instantaneous-Trip Circuit Breakers 
	9 Circuit Breaker and Ground-Fault Circuit-Interrupters 
	9.1  General 
	9.2  Supervisory circuit 

	10 Circuit Breakers with Equipment Ground-Fault Protection 
	11 Integrally Fused Circuit Breakers, High-Fault Protectors, and High-Fault Modules 
	12 Adjustable Circuit Breakers 
	13 Heating, Air Conditioning, and Refrigeration (HACR) Circuit Breakers 
	14 Remotely-Operated Circuit Breakers 
	15 Switching Duty (SWD) Rated Circuit Breakers 
	16 400 Hz Rated Circuit Breakers 
	17 Draw-Out Circuit Breakers 
	18 Series-Connected Circuit Breakers 
	19 Interchangeable-Trip Circuit Breakers 
	20 High-Intensity-Discharge (HID) Type Circuit Breakers 
	21 Circuit Breakers for Use with 16 or 18 AWG Wire 
	22  4-Pole Circuit Breakers 
	23 Circuit Breakers and Surge Protective Devices 
	24 Special Purpose Not for General Use Circuit Breakers 
	25 Circuit Breakers with Electronic Trip Units 

	TESTS 
	26 Standard Circuit Breakers 
	26.1  General 
	26.2  Calibration tests 
	26.3  Overload test 
	26.4  Temperature test 
	26.5  Endurance test 
	26.6  Calibration test 
	26.7  Interrupting test 
	26.8  Trip-out at 200 percent current test 
	26.9  Dielectric voltage-withstand test 
	26.10  Miscellaneous tests 
	26.11  High available fault current test sequence 

	27 Current-Limiting Circuit Breakers 
	27.1  General 
	27.2  Calibration test 
	27.3  Interrupting and let-through measurement test 
	27.4  Trip-out test 
	27.5  Dielectric voltage-withstand test 
	27.6  Interpretation of results 

	28 Instantaneous-Trip Circuit Breakers 
	29 Circuit Breaker and Ground-Fault Circuit-Interrupters 
	29.1  General 
	29.2  Circuit breaker test sequences 
	29.3  High available fault-current circuits 
	29.4  Ground-fault circuit-interrupter tests 

	30 Circuit Breakers with Equipment Ground-Fault Protection 
	30.1  General 
	30.2  Circuit breaker test sequences 
	30.3  High available fault current circuits tests 
	30.4  Ground fault protection tests 

	31 Integrally Fused Circuit Breakers, High-Fault Protectors, and High-Fault Modules 
	32 Adjustable Circuit Breakers 
	32.1  General 
	32.2  Adjustable current setting (Ir) 
	32.3  Short-time delay 
	32.4  Instantaneous pick-up setting 
	32.5  Ground-fault trip response 
	32.6  Energy-reducing maintenance setting 

	33 Heating, Air Conditioning, and Refrigeration (HACR) Circuit Breakers 
	34 Remotely-Operated Circuit Breakers 
	35 Switching Duty (SWD) Rated Circuit Breakers 
	36 400 Hz Rated Circuit Breakers 
	37 Draw-Out Circuit Breakers 
	37.1  Electrical continuity test 
	37.2  Dielectric voltage-withstand test 

	38 Series-Connected Circuit Breakers 
	38.1  General 
	38.2  Selection of test samples 
	38.3  Test procedure 
	38.4  Closing test 
	38.5  Interrupting test 
	38.6  Intermediate interrupting test 
	38.7  Trip-out test 
	38.8  Other functionality calibration test 
	38.9  Dielectric voltage-withstand test 
	38.10  Interpretation of test results 

	39 Interchangeable-Trip Circuit Breakers 
	40 High-Intensity-Discharge (HID) Type Circuit Breakers 
	41 Circuit BREakers for Use with 16 or 18 AWG Wire 
	41.1  General 
	41.2  Circuit breaker test sequences 
	41.3  High available fault current test sequence 
	41.4  Thermal withstand sequence 

	42  4-Pole Circuit Breakers 
	43 Joints with Insulators 
	44 Circuit Breakers and Surge Protective Devices 
	45 Special Purpose Not for General Use Circuit Breakers 

	RATINGS 
	46 General 

	MARKINGS 
	47 General 
	47.1  Details 
	47.2  Terminations 
	47.3  Interrupting ratings 
	47.4  Special markings 

	48 Current-Limiting Circuit Breakers 
	49 Instantaneous-Trip Circuit Breakers 
	50 Circuit Breaker and Ground-Fault Circuit-Interrupters 
	51 Circuit Breakers with Equipment Ground-Fault Protection 
	52 Integrally Fused Circuit Breakers and High Fault Protectors 
	53 Adjustable Circuit Breakers 
	54 Heating, Air Conditioning, and Refrigeration (HACR) Circuit Breakers 
	55 Remotely-Operated Circuit Breakers 
	56 Switching Duty (SWD) Rated Circuit Breakers 
	57 400 Hz Rated Circuit Breakers 
	58 Draw-Out Circuit Breakers 
	59 Series-Connected Circuit Breakers 
	60 Interchangeable-Trip Circuit Breakers 
	61 High-Intensity-Discharge (HID) Type Circuit Breakers 
	62 Rating Plugs 
	63 Circuit Breakers for Use with 16 or 18 AWG Wire 
	64  4-Pole Circuit Breakers 


	MOLDED CASE SWITCHES 
	CONSTRUCTION 
	65 All types 
	65.1  General 
	65.2  Corrosion protection 
	65.3  Cases – Insulating material 
	65.4  Current-carrying parts 
	65.5  Operating mechanism 
	65.6  Spacings 

	66 Draw-Out Switches 

	PERFORMANCE 
	67 General 
	67.1  Details 
	67.2  Temperature test 
	67.3  Overload test 
	67.4  Endurance test 
	67.5  Dielectric voltage-withstand test 
	67.6  Miscellaneous tests 
	67.7  Withstand test 

	68 Draw-Out Switches 
	68.1  General 
	68.2  Electrical continuity test 


	RATINGS 
	69 General 

	MARKINGS 
	70 General 


	ACCESSORIES 
	CONSTRUCTION 
	71 General 
	71.1  General details 
	71.2  Installation 
	71.3  Mounting 
	71.4  Field wiring 
	71.5  Strain relief 
	71.6  Spacings 

	72 Shunt Trip Release Devices 
	73 Undervoltage-Trip Release Devices 
	74 Overvoltage-Trip Release Devices 
	75 Electrical Operators 
	76 Alarm and Auxiliary Switches 
	77 Mechanical Interlock 
	78 Lock-Off Device 
	79 Lock-On Device 
	80 Generator Transfer (For use in Canada Only) 

	PERFORMANCE 
	81 General 
	82 Shunt-Trip Release Devices 
	82.1  Temperature 
	82.2  Overvoltage test 
	82.3  Operation test 
	82.4  Endurance test 
	82.5  Dielectric voltage-withstand test 

	83 Undervoltage-Trip Release Devices 
	83.1  Temperature 
	83.2  Overvoltage test 
	83.3  Operation test 
	83.4  Endurance test 
	83.5  Dielectric voltage-withstand test 
	83.6  Contact closing test 

	84 Overvoltage-Trip Release Devices 
	84.1  Temperature 
	84.2  Overvoltage test 
	84.3  Operation test 
	84.4  Endurance test 
	84.5  Dielectric voltage-withstand test 

	85 Electrical Operators 
	85.1  Endurance test 
	85.2  Dielectric voltage-withstand test 

	86 Alarm and Auxiliary Switches 
	86.1  Temperature 
	86.2  Overload test 
	86.3  Endurance test 
	86.4  Dielectric voltage-withstand test 

	87 Mechanical Interlock 
	88 Lock-Off Device 
	89 Lock-On Device 

	RATINGS 
	90 General 

	MARKINGS 
	91 General 


	ENCLOSURES 
	CONSTRUCTION 
	92 General 
	93 Provision for Locking 
	94 Connections to Wiring Systems 
	95 Ventilation 
	96 External Operating Mechanism 
	97 Cases – Insulating Material 
	98 Current-Carrying Parts 
	99 Spacings 
	99.1  General 
	99.2  Wiring space 

	100 Equipment Grounding Terminals 
	101 Enclosures Suitable for Use as Service Equipment (For use in US and Mexico) 
	101.1  General 
	101.2  Disconnecting means 
	101.3  Provision for grounding 
	101.4  Provision for bonding 
	101.5  Provisions for ground-fault protection 
	101.6  Provisions for service equipment 

	102 Enclosures Suitable for Use as Service Equipment (for use in Canada) 
	102.1  General 
	102.2  Ground fault protection 
	102.3  Barriers 


	PERFORMANCE (SHORT-CIRCUIT CURRENT RATINGS) 
	103 General 
	104 Sample Selection 
	105 Sample Preparation 
	106 Line Connections 
	107 Load Connections 
	108 Meter-Mounting Equipment 
	109 Short-Circuit Procedure 
	110 Short-Circuit Tests 
	111 Interpretation of Results 
	112 Dielectric Voltage-Withstand Test 

	RATINGS 
	113 General 

	MARKINGS 
	114 General 
	115 Position Indication 
	116 Short-Circuit Current Rating 
	117 Terminations 
	118 Environmental-Type Designations 
	119 Neutral Assemblies 
	120 Back-Fed Hold-Down Kit 
	121 Service Equipment Use (For use in US and Mexico) 
	122 Service Equipment Use (for use in Canada Only) 
	123 Ground-Fault Protection 
	124 Permanence of Marking 
	125 Installation Instructions for the Testing of Ground-Fault Protection of Equipment 


	Annex A (Informative) Standards for Components 
	A1 Component Standards 

	Annex B (Normative) Referenced Standards 
	B1 Referenced Standards 

	Annex C (Normative) Circuit Calibration and Instrumentation Test Circuits 
	C1 Instrumentation 
	C2 Calibration of Galvanometers 
	C3 Alternating Current Circuits 10,000 A and Less 
	C4 Alternating Current Circuits Greater than 10,000 A 
	C5 Recovery Voltage – AC 
	C6 Direct Current Circuits 

	Annex D (Informative) French and Spanish Translations and Markings 
	D1 General 

	Annex E (For Canada Only – Informative) Guidelines for Ground Fault Protection Equipment 
	E1 General 

	Annex F (Informative) Recommended Symbols and Abbreviations for the Marking of All Products 
	F1 General 
	F2 Symbols 
	F3 Abbreviations 

	ANNEX G (Normative) – MOLDED-CASE CIRCUIT BREAKERS, MOLDED-CASE SWITCHES, AND CIRCUIT-BREAKER ENCLOSURES (MARINE USE) FOR USE UNDER USCG ELECTRICAL SYSTEMS REGULATIONS SUBCHAPTER S (33 CFR, PART 183) AND USCG ELECTRICAL ENGINEERING REGULATIONS SUBCHAPTER J (46 CFR, PARTS 110 – 113) 
	INTRODUCTION 
	G1 Scope 
	G2 Glossary 

	CONSTRUCTION 
	G3 General 

	PERFORMANCE 
	G4 General 
	G5 Vibration Test 
	G6 Shock Test 
	G7 Short-Circuit Test 
	G8 Ignition-Protected Devices Test 

	MARKINGS 
	G9 General 


	ANNEX H (Normative) – MOLDED-CASE CIRCUIT BREAKERS, MOLDED-CASE SWITCHES, AND CIRCUIT-BREAKER ENCLOSURES (NAVAL USE) 
	INTRODUCTION 
	H1 Scope 

	PERFORMANCE 
	H2 Vibration Test 
	H2.1  General 
	H2.2  Resonance frequency test 
	H2.3  Variable frequency test 

	H3 Calibration Test 
	H3.1  200 percent calibration test 
	H3.2  100 percent calibration test 


	MARKINGS 
	H4 General 


	ANNEX I (Normative) – MOLDED-CASE CIRCUIT BREAKERS AND MOLDED-CASE SWITCHES FOR USE WITH BATTERY POWER SUPPLIES 
	INTRODUCTION 
	I1 Scope 
	I2 Glossary 

	CONSTRUCTION 
	I3 General 

	PERFORMANCE 
	I4 General 
	I5 Calibration Test 
	I6 Overload Test 
	I7 Endurance Test 
	I8 Interrupting Test 
	I9 Dielectric Voltage-Withstand Test 
	I10 High-Available-Fault-Current Testing 
	I11 Short Circuit Current Withstand Test 
	I12 Contact Opening Test 

	RATINGS 
	I13 General 

	MARKINGS 
	I14 General 


	ANNEX J (Normative) – CLASSIFIED CIRCUIT BREAKERS FOR USE WITH SPECIFIED PANELBOARDS AS AN ALTERNATE FOR SPECIFIED CIRCUIT BREAKERS 
	INTRODUCTION 
	J1 Scope 
	J2 Glossary 

	CONSTRUCTION 
	J3 General 
	J4 Handle Ties 

	PERFORMANCE 
	J5 General 
	J6 Interrupting Test 

	MARKINGS 
	J7 Details 


	ANNEX K (Normative) – MOLDED-CASE CIRCUIT BREAKERS AND MOLDED-CASE SWITCHES WITH SOFTWARE IN PROGRAMMABLE COMPONENTS 
	K1 Scope 
	K2 Glossary 
	K3 Risk Analysis 
	K4 Process Definition 
	K5 Qualification of Software Tools 
	K6 Software Design 
	K7 Critical and Supervisory Sections of Software 
	K8 Product Interface 
	K9 User Interfaces 
	K10 Software Analysis and Testing 
	K10.1  Software analysis 
	K10.2  Software testing 

	K11 Documentation 
	K11.1  User documentation 
	K11.2  Software plan 
	K11.3  Risk analysis approach and results 
	K11.4  Configuration management plan 
	K11.5  Programmable system architecture 
	K11.6  Programmable component and software requirements specification 
	K11.7  Software design documentation 
	K11.8  Analysis and test documentation 

	K12 Off-the-Shelf (OTS) Software 
	K13 Software Changes and Document Control 
	K14 Identification 

	ANNEX L (normative) – ADDITIONAL TESTS FOR CIRCUIT BREAKERS WITH ELECTRONIC OVERCURRENT PROTECTION 
	L1 Scope 
	L2 Tests 
	L2.1  Electromagnetic compatibility (EMC) tests 
	L2.2  Suitability for multiple frequencies 
	L2.3  Dry heat test 
	L2.4  Damp heat test 
	L2.5  Temperature variation cycles at a specified rate of change 

	L3 General Test Conditions 
	L3.1  General 
	L3.2  Electromagnetic compatibility tests 

	L4 Immunity Tests 
	L4.1  Harmonic currents 
	L4.2  Electrostatic discharges 
	L4.3  Radiated radio-frequency electromagnetic fields 
	L4.4  Electrical fast transient/burst (EFT/B) 
	L4.5  Surges 
	L4.6  Conducted disturbances induced by radio-frequency fields (common mode) 
	L4.7  Current dips 

	L5 Emission Tests 
	L5.1  Harmonics 
	L5.2  Voltage fluctuations 
	L5.3  Conducted RF disturbances (150 kHz – 30 MHz) 
	L5.4  Radiated RF disturbances (30 MHz – 1 GHz) 

	L6 Suitability for Multiple Frequencies 
	L6.1  General 
	L6.2  Test conditions 
	L6.3  Test procedure 
	L6.4  Test results 

	L7 Dry Heat Test 
	L7.1  Test procedure 
	L7.2  Test results 
	L7.3  Verification of overload releases 

	L8 Damp Heat Test 
	L8.1  Test procedure 
	L8.2  Verification of overload releases 

	L9 Temperature Variation Cycles at a Specified Rate of Change 
	L9.1  Test conditions 
	L9.2  Test procedure 
	L9.3  Test results 
	L9.4  Verification of overload releases 


	ANNEX M – ELECTROMAGNETIC COMPATIBILITY (EMC) – REQUIREMENTS AND TEST METHODS FOR CIRCUIT BREAKERS 
	M1 General 
	M2 Immunity 
	M2.1  General 
	M2.2  Electrostatic discharges 
	M2.3  Radiated radio-frequency electromagnetic fields 
	M2.4  Electrical fast transients/bursts (EFT/B) 
	M2.5  Surges 
	M2.6  Conducted disturbances induced by radio-frequency fields (common mode) 

	M3 Emission 
	M3.1  General 
	M3.2  Conducted RF disturbances (150 kHz – 30 MHz) 
	M3.3  Radiated RF disturbances (30 MHz – 1000 MHz) 


	ANNEX N (normative) – MOLDED-CASE CIRCUIT BREAKERS WITH ADDITIONAL MOTOR OVERLOAD PROTECTION 
	INTRODUCTION 
	N1 Scope 

	CONSTRUCTION 
	N2 General 

	PERFORMANCE 
	N3 Motor Overload Calibration Test 

	MARKINGS 
	N4 General 



