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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. I t 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, 201 9. This edition of CSA C22.2 No. 5 supersedes

the previous edition published October, 201 6. This edition of UL 489 supersedes the previous edition

published on April 22, 201 9.

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, 1 21 A,

Molded Case Circuit Breakers on the Harmonization of Electrotechnical Standards of the Nations of the

Americas (CANENA), are grateful ly acknowledged.

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

standard.

The present Mexican standard was developed by the CT CDI Control y Distribución Industrial from the

Comite de Normalizacion de la Asociacion de Normalizacion y Certificacion, A.C. , CONANCE, with the

collaboration of the circuit breaker manufacturers and users.

This Standard was reviewed by the CSA Subcommittee on Molded Case Circuit Breakers, Molded Case

Switches and Circuit Breaker Enclosures under the jurisdiction of the CSA Technical Committee on

Industrial Products and the CSA Strategic Steering Committee on Requirements for Electrical Safety, and

has been formally approved by the CSA Technical Committee. This standard has been developed in

compliance with Standards Council of Canada requirements for National Standards of Canada. I t has

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

Application of Standard

Where reference is made to a specific number of samples to be tested, the specified number is to be

considered a minimum quantity.

Note: Although the intended primary application of this Standard is stated in its scope, it is important to note that it remains the

responsibil ity of the users of the standard to judge its suitabil ity 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 cl imatic,

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. I f more than one interpretation of the l iteral 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 1 000 volts ac and 1 500 volts dc or less and 6000 amperes

or less.

1 .4 The devices referenced in 1 .1 and 1 .2 are intended for installation in an overall enclosure or as parts

of other devices such as panelboards. The acceptabil ity of the combination wil l be determined when the

complete product is investigated.

1 .5 This Standard applies to circuit-breaker enclosures and accessory devices intended for use with the

devices described in 1 .1 and 1 .2.

1 .6 This Standard 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 Annex B, Ref. No. 5.

1 .7 This Standard contains supplements covering the requirements for molded-case circuit breakers for:

a) Marine Use;

b) Naval Use;

c) Uninterruptible Power Supply Use;

d) Classified Circuit Breakers;

e) Software in Programmable Components;

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

g) Electromagnetic Compatibi l ity (EMC) – Requirements and Test Methods for Circuit Breakers;

and

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

2 Definitions

2.1 For the purposes of this Standard, the following definitions apply.

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 AMBIENT-COMPENSATED CIRCUIT BREAKER – A circuit breaker in which means are provided for

partial ly or completely neutralizing the effect of ambient temperature upon the tripping characteristics.

2.7 AMBIENT TEMPERATURE – The temperature of the surrounding medium that comes in contact with

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

enclosure.

2.8 AUXILIARY SWITCH – A switch that operates to open or close an auxil iary (control) circuit upon the

opening, closing, or tripping of the molded-case product with which it is associated.

2.9 CALIBRATION – The factory adjustment of the release mechanism of a circuit breaker to make the

circuit breaker perform in accordance with its prescribed characteristics.

2.1 0 CALIBRATION TEST – Verifies the tripping characteristics of a circuit breaker.

2.1 1 CIRCUIT BREAKER – A device designed to open and close a circuit by nonautomatic means, and

to open the circuit automatically on a predetermined overcurrent, without damage to itself when properly

applied within its rating.

2.1 2 CIRCUIT BREAKER AND GROUND-FAULT CIRCUIT-INTERRUPTER – A device that performs all

normal circuit breaker functions and provides personnel protection by functioning to de-energize a circuit

within an established period of time when a current to ground exceeds the values established for a Class A

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

2.1 3 CIRCUIT BREAKER AND SURGE PROTECTIVE DEVICE – A device that performs all normal

circuit breaker functions and provides protection for repeated limiting of specified transient-voltage surges

on 50 or 60 Hz power circuits not exceeding 600 V.

2.1 4 CIRCUIT BREAKER ENCLOSURE – An enclosure intended to house a single, multipole, or two

single-pole molded-case products.

2.1 5 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.

2.1 6 CLASS I GROUND-FAULT SENSING AND RELAYING EQUIPMENT – Equipment that does not

incorporate means to prevent opening of the disconnecting means at high levels of fault current.

2.1 7 CLASS I I 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 capabil ity of the disconnecting device.
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2.1 8 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.

2.1 9 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 al l poles wil l

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 crosses the circuit breaker trip characteristic curve.

2.22 CURRENT-LIMITING CIRCUIT BREAKER – One that does not employ a fusible element and,

when operating within its current-l imiting range, l imits the let-through I2t to a value less than the I2t of a 1 /2-

cycle wave of the symmetrical prospective current.

2.23 CURRENT-LIMITING RANGE – The rms symmetrical prospective currents between the threshold

current and the maximum interrupting rating current.

2.24 CURRENT SETTING (lr) – The rms current an adjustable circuit breaker is set to carry continuously

without tripping. I t is normally expressed as a percentage of the rated current and is adjustable.

2.25 DIELECTRIC VOLTAGE-WITHSTAND TEST – Determines the abil ity of the insulating materials

and spacings used to withstand overvoltages without breakdown under specified conditions.

2.26 DRAWOUT-MOUNTED CIRCUIT BREAKER – An assembly of a circuit breaker together with a

supporting structure constructed so that the circuit breaker is supported and can be moved to either the

main circuit connected or disconnected position without the necessity of removing connections or

mounting supports. The structure includes both self-supporting circuit terminals and an interlocking means

that permits movement of the circuit breaker between the main circuit connected and disconnected

positions only when the circuit breaker contacts are in the open position.

2.27 ELECTRICAL OPERATOR – An electrical controll ing device which is used to operate the

mechanism of a circuit breaker in order to open, close, and if applicable, reset the circuit breaker or switch.

2.28 ENERGY-REDUCING MAINTENANCE SETTING – A selectable function of the trip unit intended to

reduce the clearing time of a circuit breaker thereby reducing the energy during an arc fault event.

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 current.

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 GROUND-FAULT PICKUP SETTING – The nominal value of the ground-fault current at which the

ground-fault delay function is initiated.

2.38 HEATING, AIR CONDITIONING, AND REFRIGERATION (HACR) CIRCUIT BREAKER – One

intended for use with multi-motor and combination loads such as are found in heating, air conditioning, and

refrigeration equipment.

2.39 HIGH-FAULT MODULE – A self-contained unit, with or without provision for replaceable fuses or

high-fault protectors, constructed for use with specific molded case products and with provision for

connecting directly to the load terminals of the molded case product and that functions only to increase the

short circuit interrupting rating of the combination.

2.40 HIGH-FAULT PROTECTOR – A replaceable fuse-l ike device intended for use with specific fused

molded-case products and/or high-fault modules that function only to increase the short circuit interrupting

rating of the molded-case product.

2.41 INDEPENDENT TRIP CIRCUIT BREAKER – A multipole circuit breaker constructed such that al l

poles are not intended to open when one or more poles open automatically.

2.42 INSTANTANEOUS OVERRIDE – A fixed current level at which an adjustable circuit breaker wil l

override all settings and wil l trip instantaneously.

2.43 INSTANTANEOUS PICKUP SETTING – The nominal value of current that an adjustable circuit

breaker is set to trip instantaneously.

2.44 INSTANTANEOUS TRIP – A qualifying term indicating that no delay is purposely introduced 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.
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2.48 INTERRUPTING RATING – The highest RMS symmetrical current at rated voltage that a device is

intended to interrupt under standard test conditions.

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

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

2.50 I2t (AMPERES SQUARED SECONDS) – An expression related to the circuit energy as a result of

current flow. With respect to circuit breakers, the I2t is expressed for the current flow between the initiation

of the fault current and the clearing of the circuit.

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

position.

2.52 LOCK-ON DEVICE – A device that permits a molded-case product to be locked in the ON position.

2.53 LONG-TIME DELAY – An intentional time delay in the overload tripping of an adjustable circuit

breaker's inverse time characteristics. The position of the long time portion of the trip curve is normally

referenced in seconds at 600 percent of the current setting (I r).

2.54 LONG-TIME PICKUP – The current at which the long-time delay function is initiated.

2.55 MECHANICAL INTERLOCK – A device or system that mechanically connects two or more circuit

breakers or switches so that only selected ones can be closed at the same time.

2.56 MOLDED-CASE CIRCUIT BREAKER – A circuit breaker which is assembled as an integral unit in a

supportive and enclosed housing of insulating material.

2.57 MOLDED-CASE SWITCH – A device designed to open and close a circuit by nonautomatic means,

assembled as an integral unit in a supportive and enclosed housing of insulating material.

2.58 MULTIPOLE CIRCUIT BREAKER – A circuit breaker with two or more poles which provide two or

more separate conducting paths.

2.59 NEUTRAL (or SOLID NEUTRAL) – An assembly consisting of an appropriate number of terminals

providing for the connection of the neutral conductors. When used as a component of service equipment,

the neutral also includes:

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

and

b) A terminal for the grounding electrode conductor.

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

letter "O" signifies this operation.

2.61 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 (In) – The marked current rating and the maximum RMS current a circuit

breaker can carry continuously without tripping and the maximum current the circuit breaker wil l carry

without changing, deleting, or adding a part or parts such as trip units and rating plugs. See also current

setting (I r).

2.68 RATED FREQUENCY – The service frequency of the circuit for which the circuit breaker is

designed and tested.

2.69 RATED VOLTAGE – The rated voltage is the nominal rms voltage for which the circuit breaker is

designed to operate.

2.70 RATING – The designated l imit or l imits of the rated operating characteristic(s) of a device.

2.71 RATING PLUG – A self-contained portion of a circuit breaker that is interchangeable and

replaceable in a circuit breaker trip unit by the user. I t sets the Rated Current (In) of the circuit breaker.

2.72 RECOVERY VOLTAGE – The voltage that appears across the terminals of a pole of a circuit

breaker upon interruption of the circuit.

2.73 REMOTELY OPERATED CIRCUIT BREAKER – A circuit breaker that contains an integral means

to remotely open and close the circuit.

2.74 SERIES RATED (SERIES CONNECTED) – A group of overcurrent devices, connected in cascade,

comprised of a circuit breaker or main fuse and one or more downstream circuit breakers that have been

tested together to permit the branch or downstream circuit breakers to be applied on circuits where the

available short circuit current exceeds the marked interrupting rating on the branch circuit breaker.

2.75 SHORT CIRCUIT CURRENT RATING – The maximum RMS prospective (available) current to

which a device can be connected when protected by the specified overcurrent protective devices. The

rating is expressed in amperes and volts.

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

overload and the 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 derived 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 l imiting their suitabil ity 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 SWITCHING DUTY (SWD) CIRCUIT BREAKER – A circuit breaker intended to switch fluorescent

l ighting loads on a regular basis.

2.82 THERMAL MEMORY – The abil ity of an electronic trip unit to approximate heating due to cyclic

overloads.

2.83 THERMAL MEMORY RETENTION – The abil ity to maintain thermal memory upon shutdown or

power loss.

2.84 THRESHOLD CURRENT – The RMS symmetrical prospective current at the threshold of the

current l imiting range, where:

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

current; and

b) The I2t in each phase is less than the I2t of a 1 /2 cycle wave of the symmetrical prospective

current.

2.85 TRIP-FREE CIRCUIT BREAKER – A circuit breaker designed so that the contacts cannot be held

in the closed position by the operating means during trip command conditions.

2.86 TRIPPING – The opening of a circuit breaker by actuation of the release mechanism.

2.87 TRIP UNIT – A self-contained portion of a circuit breaker that is interchangeable and replaceable in

a circuit breaker frame by the user. I t actuates the circuit breaker release mechanism and it sets the Rated

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

2.88 UNDERVOLTAGE TRIP RELEASE – A release mechanism that causes a circuit breaker to open

automatically if the control voltage falls below a predetermined value.

2.89 UNFUSED MOLDED-CASE SWITCH – See Molded-Case Switch.

3 Components

3.1 Except as indicated in 3.2, a component of a product covered by this Standard shall comply with the

requirements for that component. See Annex A for a list of standards covering components generally used

in the products covered by this Standard. A component shall comply with the ANCE, or the Canadian

Standards Association, or the Underwriters Laboratories Inc. Standards as appropriate for the country

where the product is to be used. When a product is intended for use in more than one country, a

component shall comply with the appropriate component standards for all the countries in which it is

intended to be used.

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

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

product 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

capabil ities. Such components are intended for use only under l imited conditions, such as certain

temperatures not exceeding specified l imits, and shall be used only under those specific conditions.

4 Units of Measurement

4.1 The values given in SI (metric) units shall be normative, except for AWG/kcmil conductor sizes. Any

other values are for information only.

5 Reference Publications

5.1 Where undated reference is made to ANCE, CSA or UL Standards, such reference shall be

considered to refer to the latest edition and all amendments published to that edition up to the time when

this Standard was approved. See Annex B.

5.2 A product shall comply with the installation codes and standards as appropriate for the country where

the product is used. When the product is intended for use in more than one country, the product shall

comply with the installation codes and standards for all the countries in which it is intended to be used.

MOLDED CASE CIRCUIT BREAKERS

CONSTRUCTION

6 All Types

6.1 General

6.1 .1 A circuit breaker intended particularly for use in panelboards and the like shall be evaluated with

respect to its intended application as well as under the requirements of this Standard.

6.1 .2 A circuit breaker shall be provided with means for mounting.

6.1 .3 A circuit breaker shall have an integral housing for all the mechanism and live parts except the

operating handle and the wiring terminals, and shall be manually operable without opening this housing.

6.1 .4 There shall be no direct opening in the front of a circuit breaker, except that a circuit breaker need

not comply if a cotton indicator, as described in 26.7.11 , does not ignite during the interrupting test

described in Interrupting 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 Iron and steel parts, except for thermal elements; magnet-pole faces; and hardened and polished

parts such as latching surfaces and the like, where such protection is impractical, shall be protected

against corrosion by enamell ing, 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 case for mounting uninsulated l ive parts shall be strong, not easily ignited, moisture-resistant,

and insulating. The case shall be of such material that it wil l withstand the most severe conditions l ikely to

be met in service.

6.3.2 Ordinary fiber, rubber, and hot-molded shellac and tar compositions are not acceptable for the

mounting of uninsulated l ive parts.

6.3.3 Insulating material, including barriers, shall have properties acceptable for the particular

application.

6.3.4 An insulating barrier, which is required for the proper performance or installation of a circuit

breaker, shall be an integral part of, or reliably attached to, the circuit breaker, or a marking shall be

provided in accordance with 47.1 .1 2.

6.3.5 Removable lug and terminal covers shall be permitted if specific marking on the circuit breaker

housing is provided to indicate the need for replacement. See 47.1 .1 3.

6.4 Current-CARRYING PArts

6.4.1 General

6.4.1 .1 Current-carrying parts shall be of silver, a silver alloy, copper, a copper alloy, or other metal

acceptable for the application. The acceptabil ity of metals shall be judged on the basis of their abil ity to

carry current while the products in which they are used satisfy the performance requirements of this

Standard. The acceptabil ity of other metals to resist corrosion shall be in accordance with 6.2.

6.4.1 .2 Screws, nuts, or wire binding screws made of iron or steel shall be permitted to be used to

secure l ive parts, but shall not be depended upon to carry current.

6.4.1 .3 Uninsulated l ive 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 wil l be prevented

from turning. Friction between surfaces is not acceptable as a means of preventing the turning of l ive

parts.

6.4.1 .4 If parts are held together by screws, a threaded part shall have no fewer than two ful l , clean-cut

threads engaged. I f a screw does not extend all the way through a threaded part, the taper or lead and the

first ful l 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 11 7. A wiring terminal shall be acceptable for the

temperatures encountered. See also 6.4.2.9, 6.4.2.1 6, and 47.2.1 4.

Table 6.1
Terminal Current and Conductor Size

Terminal

current in

amperesa

Copper conductor Aluminum or copper-clad aluminum conductor

Number of

conductors

Size AWG or kcmil
Number of

conductors

Size AWG or kcmil

60 °C 75 °C 60 °C 75 °C

1 5 or less 1 1 4 1 4 1 1 2 1 2

20 1 1 2 1 2 1 1 0 1 0

25 1 1 0 1 0 1 1 0 1 0

30 1 1 0 1 0 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

1 00 1 1 3 1 1

11 0 1 2 1 1 /0

1 25 1 1 1 2/0

1 50 1 1 /0 1 3/0

1 75 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

1 000 3 400 4 350

Table 6.1 Continued on Next Page
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Table 6.1 Continued

Terminal

current in

amperesa

Copper conductor Aluminum or copper-clad aluminum conductor

Number of

conductors

Size AWG or kcmil
Number of

conductors

Size AWG or kcmil

60 °C 75 °C 60 °C 75 °C

3 600

1 200 4 350 4 500

3 600

1 400 4 500 5 500

1 600 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 1 0 500

8 500 9 600

7 600 8 750

4000 1 2 400 1 3 500

11 500 1 2 600

1 0 600 11 750

5000b 1 5 400 1 6 500

1 3 500 1 5 600

1 2 600 1 3 750

6000b 1 8 400 1 9 500

1 6 500 1 8 600

1 5 600 1 6 750

a For terminal current other than indicated, the next higher rating is to be used – for example, if rated 35 A, enter at 40 A.

b Circuit breakers rated at more than 4000 A are to be considered as being bus- or cable-connected unless indicated otherwise in

marking.

mm2 2.1 3.3 5.3 8.4 1 3.3 21 .1 26.7 33.6 42.4 53.5

(AWG) (1 4) (1 2) (1 0) (8) (6) (4) (3) (2) (1 ) (1 /0)

mm2 67.4 85.0 1 07.2 1 27 1 52 1 77 203 253 304 380

(AWG or kcmil) (2/0) (3/0) (4/0) (250) (300) (350) (400) (500) (600) (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 1 0 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 1 00 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, 26.1 0.1 . 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 l ine 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 have means of connection considered acceptable for the intended purpose in place of a

pressure terminal connector.

6.4.2.5 Field-installable connectors shall meet the following:

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

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

b) Fastening devices, such as studs, nuts, bolts, springs, and flat washers, or the l ike, as required

for an effective installation, shall either be provided as part of the component terminal kit or

mounted on, or separately packaged with, the circuit breaker;

c) The installation of the terminal kit shall not involve the loosening or disassembly of parts other

than those normally disassembled for installation and wiring;

d) I f the wire connector provided in a component terminal kit requires the use of a special tool for

securing the conductor, any necessary instructions shall be included in the component terminal kit

package 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 be marked in

accordance with 47.2.1 1 .

6.4.2.6 A wire-binding screw may be used at a field wiring terminal intended for the connection of a 1 0

AWG (5.3 mm2) or smaller wire if upturned lugs or the equivalent are provided to retain the wire under the

head of the screw 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.

6.4.2.1 0 If a screw-and-washer construction is used at a field wiring terminal, the screw shall not be

smaller than No. 1 0 (4.8 mm) with no more than 32 threads per inch (per 25.4 mm).
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6.4.2.1 1 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 ful l threads in the metal; except that a special al loy 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.

6.4.2.1 2 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.

6.4.2.1 3 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.

6.4.2.1 4 Pressure terminal connectors capable of holding the next larger size wire as described in

6.4.2.1 3 additionally shall be capable of withstanding the secureness and pullout tests described in Annex

B, Ref. No. 6 with the size conductors described in 6.4.2.1 3 and Table 6.1 .

6.4.2.1 5 A terminal for the connection of conductors other than those specified in Table 6.1 shall be

acceptable only if found appropriate for the particular application.

6.4.2.1 6 Using normally available tools such as screwdrivers, pl iers or wrenches, it shall be possible to

retighten the conductor securing means of a wire connector without removal of the connector from the

terminal plate or bus or without removal of any conductor from the connector.

6.4.2.1 7 For an interchangeable trip circuit breaker frame rated 1 00 A or less, a single pressure terminal

connector shall be made available by the circuit breaker manufacturer that properly accommodates all

sizes of wire for which the frame is intended.

6.4.2.1 8 A dc circuit breaker intended to have poles connected in series shall have all connecting

hardware, bus, and the like, either attached at the factory or provided as a kit. The kit shall comply with the

requirements of 6.4.2.5. I f other than normally available building wire is required, it shall be provided as

part of the kit.

6.4.2.1 9 Jumpers requiring building wire to be bent with a radius less than the cold bend mandrel

requirements of Annex B, Ref. No. 27, shall be provided with the circuit breaker or be made available as a

kit.

6.4.3 Field wiring conductors

6.4.3.1 Conductors shall not differ by more than two wire sizes from the size referred to in Table 6.1 . The

wire size shall not be smaller than 1 4 AWG (2.1 mm2).

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 l ikely 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 26.1 0.1 .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 1 52 mm (6 inches).

6.4.3.6 Notwithstanding 6.4.3.5, the free length of a wiring conductor may be less than 1 52 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

installation in the specified end-use equipment;

b) The conductor shall be of sufficient length for connection in the specified end-use equipment;

c) The device shall be marked for use only in specific end-use equipment. This information may be

provided with the installation instructions if the device is marked to reference the appropriate

publication;

d) Instructions for installation shall be provided with the device unless readily apparent; and

e) The acceptabil ity of the device shall be determined in the end-use equipment.

6.5 Operating mechanism

6.5.1 A multipole circuit breaker shall be constructed so that al l poles wil l make and break

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

pole circuit breaker rated at 1 25/250 V or less and having two operating poles intended for use on the

outside (ungrounded) wires of a 3-wire, dc or single-phase ac system, the automatic tripping of either pole

shall be permitted to be independent of the other if the independent tripping is indicated. See 47.4.6.

6.5.2 The handle of a circuit breaker shall not be capable of being readily left at or near the OFF position

when the contacts are closed.

6.5.3 Single-pole circuit breakers rated at 1 20/240 V ac or 1 25/250 V dc shall have provision for the use

of handle ties. Handle ties, when installed, shall :

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

b) Not be readily removable; and

c) Not obscure the ampere marking on either circuit breaker.

6.5.4 In Mexico and the United States, circuit breakers of ratings other than those mentioned in 6.5.3

may have provisions for handle ties. Handle ties, when installed, shall comply with 6.5.3, except the

handle tie shall operate all circuit breakers when any handle is manually operated.

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. I f 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 wil l 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

1 00 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 1 2

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

response.

6.5.9 Except as specified in 6.5.1 0, access to the trip mechanism of a circuit breaker or trip unit and

tampering, changing, or interfering with the calibration of the trip mechanism or of a trip unit, except as

noted in 6.5.8, shall require dismantl ing of the circuit breaker, or dismantl ing or removal of the trip unit, or

the breaking of a seal.

6.5.1 0 A hole for a rod or wire shall be permitted in the housing of a circuit breaker or trip unit to permit

tripping of the circuit breaker. Such holes shall not permit passage of a rod larger than 3.2 mm (1 /8 inch)

diameter. A button, lever, or similar member shall be permitted to be added for the same purpose. Any

such hole or feature added shall not contribute to the interference with or change in calibration of the

circuit breaker, permit blocking of the release mechanism, or permit contact with a live part involving a

potential more than 42.4 V peak.

6.5.1 1 A circuit breaker rated at 1 00 A or less in conjunction with a voltage rating of not more than 240 V

ac or 1 25/250 V dc shall be considered to comply with the interference aspect of 6.5.9 and 6.5.1 0, if

interference with the automatic operation of the circuit breaker cannot be accomplished by:

a) Insertion of a 0.8 mm (1 /32 inch) diameter straight rod through any opening in the case above a

plane 1 2.7 mm (1 /2 inch) below the plane of the trim when the circuit breaker is mounted in the

intended manner, and

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

case.

6.5.1 2 Any means for sealing shall be such that breaking or removing it wil l be plainly evident. Paper or

cloth shall be permitted to be used as a seal indicator, but shall not be used as a means for holding parts

together.

6.5.1 3 There shall not be any access, as defined in 6.5.1 4, to a part involving risk of electric shock within

an area as indicated in 6.5.1 6:

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

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

6.5.1 4 With regard to access to l ive 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.

6.5.1 5 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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6.5.1 6 The areas referred to in 6.5.1 3 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 l imiters, 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 spacings of a circuit breaker shall not be less than those indicated in Table 6.2. "Grounded

Metal" includes circuit breaker mounting screws and fittings for the connection of a wiring system. A

"Terminal" includes the terminal proper and associated metal having the same degree of exposure or

accessibil ity. Spacings shall be measured between the bare portions of insulated conductors. The

insulation shall be brought up to the wire connector when space for the wire insulation exists.

Table 6.2
Minimum Spacings in millimeters

Voltage

between

parts

At terminals Other than at terminals

Between terminals

of opposite polarity

Between terminals

and any grounded

metala

Between

uninsulated live

parts of opposite

polarityb
Between uninsulated live parts and any

ground metala

A B C Dc Ed

Through

air

Over

surface

Through

air

Over

surface

Through

air

Over

surface

Through

air

Over

surface

Through

air

Over

surface

0 – 1 30 1 2.7 1 9.1 1 2.7 1 2.7 6.4 9.5 1 2.7 1 2.7 6.4 9.5

1 31 – 300 1 9.1 31 .8 1 2.7 1 2.7 6.4 9.5 1 2.7 1 2.7 6.4 9.5

301 – 1 000e 25.4 50.8 1 2.7 25.4 9.5 1 2.7 1 2.7 25.4 9.5 1 2.7

NOTES:

1 An isolated dead metal part (such as a screw head or a washer) interposed between uninsulated l ive parts of opposite polarity or

between an uninsulated l ive part and a grounded dead metal part is considered to reduce the spacing by an amount equal to the

dimension of the interposed part along the path of measurement.

2 In measuring an over surface spacing, any slot, groove, or the like, 0.33 mm (0.01 3 inch) wide or less in the contour of insulating

material shall be disregarded.

3 In measuring spacings, an air spacing of 0.33 mm (0.01 3 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.

a The spacing to the enclosure or mounting means shal l be permitted to be reduced if an acceptable l iner of insulating material, not

less than 0.8 mm (1 /32 inch) thick, is used to provide the required spacing through air.

b Not applicable for spacings between parts of opposite polarity on a control circuit printed wiring board with conformal coating. See

Table 6.3 and Printed Circuit and Wiring Board Assembly, 6.6.2.

c I f indentation or deformation of the overall enclosure or circuit breaker mounting means could reduce spacings to less than those

indicated in Column E.

d I f indentation or deformation of the overall enclosure or circuit breaker mounting means would not affect spacings.

e Or 1 500 Vdc.

mm 0.8 6.4 9.5 1 2.7 1 9.1 25.4 31 .8 50.8

(inches) (1 /32) (1 /4) (3/8) (1 /2) (3/4) (1 ) (1 -1 /4) (2)
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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 l ine 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) When the connector has been turned 30° toward other opposite polarity l ive parts or toward

grounded dead metal parts.

6.6.1 .5 The spacings of a circuit breaker shall be measured with the circuit breaker wired with

conductors of the size shown in Table 6.1 , as appropriate for temperature rating(s) of the wires (see

47.2.9). Type TW wire is to be used for sizes 8 AWG (8.4 mm2) and smaller; Type THW, TW75 or TW for

sizes larger than 8 AWG (8.4 mm2). Solid conductors are to be used for wire sizes 1 0 AWG (5.3 mm2) and

smaller. For circuit breakers acceptable for use with both copper and aluminum conductors, both types of

wire of the proper size for the ampere rating are to be evaluated.

6.6.1 .6 Except as noted in 6.6.1 .7 and 6.6.1 .11 , an insulating barrier or l iner used as the sole separation

between uninsulated l ive parts and grounded dead metal parts (including the enclosure) or between

uninsulated l ive parts of opposite polarity, shall be of a material which is acceptable for the mounting of

uninsulated l ive parts and not less than 0.71 mm (0.028 inch) thick.

6.6.1 .7 Fiber not less than 0.71 mm (0.028 inch) thick shall be permitted to be used as the sole

separation between the enclosure and an uninsulated metal part electrically connected to a grounded

circuit conductor.

6.6.1 .8 A barrier or l iner used in conjunction with an air space shall not be less than 0.71 mm (0.028

inch) thick except as noted in 6.6.1 .1 0 and 6.6.1 .11 .

6.6.1 .9 If the barrier indicated in 6.6.1 .8 is of fiber, the air space shall not be less than 0.8 mm (1 /32 inch).

6.6.1 .1 0 A barrier or l iner used in conjunction with an air space of one-half or more of the required

through-air spacing shall be permitted to have a thickness of not less than 0.33 mm (0.01 3 inch), see also

6.6.1 .1 2, if it is:

a) Of material acceptable for supporting uninsulated l ive parts;

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

c) Securely held in place; and

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

6.6.1 .1 1 Insulating material having a thickness less than that indicated in 6.6.1 .6, 6.6.1 .8 and 6.6.1 .1 0

shall be permitted to be used if tested and found acceptable as indicated in 26.1 0.2 and the mechanical

strength and flammabil ity is acceptable for the particular application.

6.6.1 .1 2 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 l ike, if used to effect a seal in place of a tightly-mated joint, shall

comply with Annex B, Ref. No. 1 2 The requirement for the test in Section 43 is only applicable for those

areas where spacings are covered by Table 6.2. The acceptabil ity of other spacings such as internal

breaker spacings is demonstrated by successful ly passing the test program.

Figure 6.1

Clamped Joint

Parts A, B – Live parts of opposite polarity, or a l ive part and a grounded metal part with spacing through the crack between C and D

less than required in Table 6.2.

Parts C, D – Insulating barriers clamped tightly together so that the dielectric strength between A and B is greater than the equivalent

air spacing.

Part E – The clamped joint.

6.6.1 .1 3 The spacing between uninsulated l ive parts of different circuits (such as between shunt trip

release and primary circuits) shall not be less than that required for the circuit of the higher voltage.

6.6.1 .1 4 Live screw-heads or nuts on the underside of a case intended for surface mounting shall be

suitably insulated or isolated from the enclosure or from a grounded metal mounting-plate in one of the

following ways:

a) Spaced according to Table 6.2 and reliably prevented from turning or loosening by staking,

upsetting, or other equivalent means;

b) Countersunk not less than 3.2 mm (0.1 25 inch) below the surface of the case; prevented, as in

I tem (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 wil l be maintained; or

c) Countersunk not less than 3.2 mm (0.1 25 inch) in the clear, and then covered with a waterproof,

insulating, sealing compound which wil l not soften at a temperature 1 5 °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

(1 94 °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 uti l ized 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 26.1 0.3. 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.

Table 6.3
Minimum Opposite Polarity Spacings on Printed-Wiring Assemblies with Conformal Coatings

Minimum spacings

Voltage between parts Power available mm (Inch)

0 – 600 Unlimited 0.8 (1 /32)

601 – 1 000 Unlimited 1 .6 (1 /1 6)

1 001 – 1 500b Unlimited 2.4 (1 /8)

0 – 30 Limiteda 0.4 (1 /64)

NOTE: Minimum spacing between live parts of opposite polarity. Spacing between live parts and dead metal shall comply with

Table 6.2.
a See 6.6.3.1 and 6.6.3.6.

b Volts dc.

6.6.2.2 As an alternative to the measurement method specified in 6.6.2.1 , the minimum acceptable

clearances (through air spacings) and creepage distances (over surface spacings) for a printed wiring

board assembly may be evaluated as specified in 6.6.2.3 – 6.6.2.5 using the applicable requirements in

Annex B, Ref. No. 9.

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

board assembly within a circuit breaker is considered to be:

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

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

c) Pollution degree 1 for an assembly with a conformal coating complying with the requirements in

Annex B, Ref. No. 9.

6.6.2.4 For Clearance B (controlled overvoltage) requirements in Annex B, Ref. No. 9, the applicable

overvoltage category for l ine-voltage circuits is Category I I I . Category I 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 other 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 l ive parts shall be secured against movement.

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

spacing required.

c) I f a barrier is used as allowed in Table 6.5, it shall not be less than 0.71 mm (0.028 inch) thick

except that it shall be permitted to have a thickness of not less than 0.33 mm (0.01 3 inch), if the

material is:

1 ) Of material acceptable for supporting uninsulated l ive parts;

2) Of adequate strength if l ikely to be subjected to damage;

3) Securely held in place; and

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

service.

Table 6.4
Class 2 Circuit Spacings

Minimum spacings, mm (inch)

Through air and over surface Between 2 or more Class 2 insulated conductors

– insulation on all conductors rated for

maximum voltageAt terminals At other than terminals

3.2 (1 /8) 1 .6 (1 /1 6) No minimum requirement

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

on each conductor rated for the conductor

circuit voltageNo insulation

Separating barrier or one insulated

conductor with insulation rated for

maximum voltage

6.4 (1 /4) 1 .6 (1 /1 6) No minimum requirement

6.6.3.6 A low-voltage, l imited 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. 1 0;
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b) The transformer has an inherent winding impedance which wil l l imit 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 1 00/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 l imit 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 l ine-voltage circuit. The

maximum output capacity of the secondary circuit shall be determined as described in the power level

determination test of 26.1 0.4.

6.6.3.8 An overcurrent-protective device as indicated in 6.6.3.6(c) shall :

a) Not be of an automatically reset type;

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

c) Not be interchangeable with one of a larger current rating if it is a renewable device.

7 Current-Limiting Circuit Breakers

7.1 Current-l imiting circuit breakers shall comply with the construction requirements in All Types, Section

6.

8 Instantaneous-Trip Circuit Breakers

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

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

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

opening a door or removing a cover shall be constructed so that a stop to l imit the maximum setting may

be installed.

9 Circuit Breaker and Ground-Fault Circuit-Interrupters

9.1 General

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, 1 20

V ac and/or 1 27 V ac, 60 Hz, 2-pole, 1 20/240 V ac, 60 Hz, and 3-pole, 208Y/1 20 V ac and/or 220Y/1 27 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

9.2.1 I f a 2-pole, 1 20/240 V ac, or 3-pole, 208Y/1 20 V ac and/or 220Y/1 27 V ac circuit breaker

mechanism is a common-trip type, the supervisory circuit need only be provided from one ungrounded

pole. I f 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.

1 0 Circuit Breakers with Equipment Ground-Fault Protection

1 0.1 This section covers additional requirements for circuit breakers with equipment ground-fault

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

1 0.2 A multipole device that receives operating power from the circuit to which it is connected shall

provide ground-fault protection with one or more ungrounded line terminals of the circuit breaker

energized.

1 1 Integrally Fused Circuit Breakers, High-Fault Protectors, and High-Fault Modules

11 .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

comply with the construction requirements of Section 6 and 11 .4 – 11 .7.

1 1 .2 An integrally fused circuit breaker shall automatically trip when the cover over the high-fault

protectors or fuses, or their container, if separate, is removed if the cover can be removed with the circuit

breaker ON.

11 .3 An integrally fused circuit breaker shall 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 protectors, unless

the circuit breaker is marked in accordance with 52.4.

1 1 .4 Spacings at the load terminals of a high-fault protector shall comply with Table 6.2, Columns A and

B.

11 .5 Spacings at other than the load terminals of a high-fault module shall comply with Table 6.2,

Columns C, D, and E.

11 .6 If two or more high-fault protectors or high-fault modules having different let-through characteristics

are provided for different ranges of ratings within a frame size, the construction shall be investigated in

accordance with 31 .4, unless a rejection means is provided to prevent the installation of a protector 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.

1 1 .9 Materials other than those specified in 11 .8 shall be permitted if they are determined to be

acceptable for the application.
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11 .1 0 Among the factors taken into consideration during an investigation, as indicated in 11 .9, are the

following properties of a material:

a) Physical strength;

b) Resistance to impact;

c) Moisture-absorptive properties;

d) Combustibi l ity; and

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

of normal or abnormal use.

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

1 1 .1 1 Connections between the link and the terminals of a high-fault protector shall be such that a

permanent electrical connection is provided. The connection shall be soldered, brazed, or welded, or shall

otherwise be made permanently and adequately secure.

1 1 .1 2 An adhesive used in a high-fault protector or high-fault module shall adequately and reliably

secure together the parts that it is intended to secure.

1 1 .1 3 To determine whether the adhesive complies with the requirement in 11 .1 2, samples of the high-

fault protector or high-fault module shall be subjected to appropriate interrupting tests, in combination with

the circuit breaker after conditioning. Conditioning tests on the adhesive shall not be required if the device

performs acceptably during the interrupting tests with the adhesive omitted.

1 2 Adjustable Circuit Breakers

1 2.1 This section covers additional requirements for adjustable circuit breakers.

1 2.2 As concerns the current setting, these circuit breakers are classed as either Type A or Type B. See

1 2.3 and 1 2.4.

1 2.3 The current setting (I r) of a Type A circuit breaker shall not be adjustable to a value greater than the

rated current (In) of the circuit breaker.

1 2.4 A Type B circuit breaker shall be restricted so that the current setting (I r), once fixed at a particular

value, cannot be changed to one higher, except by the addition or substitution of a part requiring use of a

tool.

1 2.5 For a Type A circuit breaker, the current setting (I r) shall be that which can be inferred from the

device's settings, markings, or instruction l iterature. For a Type B circuit breaker, the current setting shall

be that of the marking.

1 2.6 Circuit breakers may be provided with an energy-reducing maintenance setting that reduces the

overall trip time over a predetermined current level.

1 2.7 The energy-reducing maintenance setting referenced in 1 2.6 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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1 2.8 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.

1 3 Heating, Air Conditioning, and Refrigeration (HACR) Circuit Breakers

1 3.1 Heating, air conditioning, and refrigeration (HACR) circuit breakers shall comply with the

construction requirements in All Types, Section 6.

1 4 Remotely-Operated Circuit Breakers

1 4.1 This section covers additional requirements for remotely-operated circuit breakers.

1 4.2 A remotely-operated circuit breaker shall be trip free and the operating handle and mechanism shall

be independent of the remotely-controlled operation.

1 4.3 In a 2-pole remotely-operated circuit breaker, the remotely controlled operation shall be permitted to

operate only one pole.

1 5 Switching Duty (SWD) Rated Circuit Breakers

1 5.1 Switching duty (SWD) rated circuit breakers shall comply with the construction requirements in All

Types, Section 6.

1 6 400 Hz Rated Circuit Breakers

1 6.1 Circuit breakers rated 400 Hz shall comply with the construction requirements in All Types, Section

6.

1 7 Draw-Out Circuit Breakers

1 7.1 This section covers additional requirements for draw-out circuit breakers.

1 7.2 The configuration of the grounding means between a metal part of a draw-out type circuit breaker

intended to be grounded and any permanently grounded part shall be such that grounding continuity is

established 3.2 mm (1 /8 inch) before either primary or secondary disconnects of the draw-out unit are

energized; and also be maintained unti l 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 .

1 7.3 Draw-out circuit breakers shall be equipped with self-coupling disconnecting devices.

1 7.4 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 ful l contact

or are separated by a distance that wil l withstand a minimum voltage described in 37.2.

1 7.5 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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1 8 Series-Connected Circuit Breakers

1 8.1 Series-connected circuit breakers shall comply with the construction requirements in All Types,

Section 6.

1 9 Interchangeable-Trip Circuit Breakers

1 9.1 This section covers additional requirements for interchangeable-trip circuit breakers.

1 9.2 A circuit breaker having a frame size of 1 00 A or less in conjunction with a voltage rating of not more

than 240 V ac or 1 25/250 V dc, shall not have an interchangeable trip unit.

1 9.3 A circuit breaker having a frame size of more than 1 00 A in conjunction with a voltage rating of not

more than 240 V ac or 1 25/250 V dc, and any circuit breaker having a voltage rating greater than 240 V ac

or 1 25/250 V dc, shall be permitted to have interchangeable trip units; except that an interchangeable trip

unit for use in a circuit breaker having a voltage rating of not more than 240 V ac or 1 25/250 V dc shall not

have a rating of less than 50 A. In any case, an interchangeable trip unit rated at 50 A or less shall be

clearly marked in accordance with 60.5.

1 9.4 An interchangeable trip unit shall not be capable of setting the current rating higher than the rating

of the frame.

1 9.5 An interchangeable trip unit shall not be adjustable beyond the limitations imposed by 6.5.8 without

breaking a seal or a permanent fastening.

1 9.6 An interchangeable trip unit circuit breaker shall not have any parts that wil l fal l out of the circuit

breaker housing when its cover is removed with the circuit breaker mounted in any position on a vertical

surface.

1 9.7 An interchangeable-trip circuit breaker that employs a rating plug shall either be nonfunctional

(circuit open) or function at its lowest ampere rating when its rating plug is not in place.

20 High-Intensity-Discharge (HID) Type Circuit Breakers

20.1 High-intensity-discharge (HID) type circuit breakers shall comply with the construction requirements

in All Types, Section 6.

21 Circuit Breakers for Use with 1 6 or 1 8 AWG Wire

21 .1 Circuit breakers for use with 1 6 or 1 8 AWG wire shall comply with the construction requirements in

All Types, Section 6.

22 4-Pole Circuit Breakers

22.1 4-pole constructions shall be permitted to be used for 3-phase circuits where a switched neutral is

required. The fourth pole shall be provided with overcurrent protection of any value between 0 through 1 00

percent of the other poles, inclusive. See 26.1 .1 8, 42.1 – 42.3, and 64.1 .

23 Circuit Breakers and Surge Protective Devices

23.1 Circuit breakers and surge protective devices shall comply with the construction requirements in All

Types, Section 6.
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24 Special Purpose Not for General Use Circuit Breakers

24.1 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 X, Y, and Z may be combined for all frame sizes. When combining X-Y-Z Sequences 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

Ampere rating of frame Interchangeable trip unit

Samples per seta

Test sequenceb

X or X-Y-Z Y or Z or Y-Z

0 – 225 No 3 or 4c 3 or 4c

0 – 225 Yes 3 frames, 3 trip units 3 frames, 3 trip units

226 – 400 No 3d 2

226 – 400 Yes 2 frames, 3 trip units 2 frames, 2 trip units

401 – 1 600 No 3e 1

401 – 1 600 Yes 1 frame, 3 trip units 1 frame, 1 trip unit

1 601 and higher No 1 1

1 601 and higher Yes 1 frame, 1 trip unit 1 frame, 1 trip unit

a I f a circuit breaker is not marked "l ine" 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.

b One set per test sequence or combination of test sequences.

c See 26.1 .5 and 26.1 .1 9.

d See 26.1 .7 and 26.2.1 .2.

e See 26.1 .7 and 26.2.1 .3.
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Table 26.2
Test Sequences

Circuit-breaker type

Fully magnetic and solid-state tripa

and non-ambient compensated

breakersb rated 25 °C or 40 °Cc,d
Ambient compensated

breakers

Test Clause

Sequence Sequence

X Y Z X Y Z

1 . 200 percent calibration at 25 °C

(77 °F)

26.2.2 X X X X X X

2. 1 35 percent calibration at 25 °C

(77 °F)

26.2.3 X X X

3. 200 percent calibration at 40 °C

(1 04 °F)

26.2.2 X

4. 1 35 percent calibration at 40 °C

(1 04 °F)

26.2.3 X

5. Calibration of adjustable

instantaneous trip

26.2.5 X X

6. Overload 26.3 X X

7. 1 00 percent calibration at 40 °C

(1 04 °F)e,f,g
26.2.4,

26.4

X X

8. Temperature and 1 00 percent

calibration at 25 °C (77 °F)

26.2.4,

26.4

X X

9. Endurance 26.5 X X

1 0. 200 percent calibration at 25 °C

(77 °F)

26.6 X X

11 . 1 35 percent calibration at 25 °C

(77 °F)k
26.6 X X

1 2. 1 35 percent calibration at 40 °C

(1 04 °F)h
26.6 X

1 3. Interrupting 26.7 Xi Xj Xi Xj

1 4. 200 percent trip-out at 25 °C

(77 °F)

26.8 X X X X

1 5. Dielectric voltage-withstand 26.9 X X X X X X

X – indicates test required.

NOTE: For circuit breakers rated ac/dc, see 26.1 .8 – 26.1 .1 3.

a Circuit breakers whose automatic operation does not depend on the heating effect of current.

b Circuit breakers whose automatic operation depends on the heating effect of current and are affected by changes in ambient

temperature.

c I f a circuit breaker operates such that it wil l not carry rated current at 40 °C (1 04 °F), it may, at the option of the manufacturer, be

tested and rated as a 25 °C (77 °F) circuit breaker.

d I f 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.

e This test may be performed after the temperature and 1 00 percent calibration tests at 25 °C (77 °F).

f Applies only to circuit breakers rated 40 °C (1 04 °F).

g For a non-ambient compensated circuit breaker rated 40 °C (1 04 °F), the test may be combined with the temperature test if the

ambient temperature is 40 °C during the temperature test.

h May be omitted if the tripping time at 1 35 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 in accordance with Table 26.1 3 and operations shal l be O-t-CO, where t is minimum of 2 minutes, maximum

of 1 hour.

j Test current shall be in accordance with Table 26.1 2 and operations shal l be in accordance with Table 26.1 0.

k 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 1 35- 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 initial ly reclose, the following procedure is acceptable to establish continuity of the test

sample:

a) The circuit breaker may be operated up to 1 0 cycles of operation to establish continuity. Once

continuity is established on all poles, no other manual operations shall be conducted other than

that required to complete the test sequence.

b) The first cycle of operation is counted from when the breaker mechanism can be reset to the

"off" position. Each operation to the "on" and "off" position shall constitute one cycle.

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

mechanism used during the test such as a motor operator, or other exterior handle operator.

No other physical movement, contact, or other conditioning of the breaker shall be permitted, other than

that required to complete the test sequence.

26.1 .5 The evaluation of a circuit breaker of a frame size of 225 A or less of a specific pole construction

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

or more intermediate ratings may be additionally required to be subjected to the complete test program or

a partial test program depending on construction differences.

26.1 .6 For circuit breaker ratings with ratings of 1 5 A and below, the ful l evaluation shall include the 1 5 A

rating representing the minimum rating. Where the construction of the 1 5 A and the lower ratings are

identical except for the bimetal, the evaluation of the lowest rating shall be l imited to the Z sequence, and

the high available fault current test if applicable. Where the constructions are not identical, the largest

ampere rating of each construction break shall also be evaluated to the Z sequence and the high available

fault current test.

26.1 .7 The investigation of a circuit breaker of frame size more than 225 A usually requires complete

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

minimum rating shall be subjected to 200, 1 35, and 1 00 percent calibration and, where applicable to the

instantaneous trip calibration, whenever such tests are not required on this rating as part of a more

extensive test program. If the frame size includes ampere ratings of 1 25 A or less, but more than 30 A, that

are to be marked for use with 75 °C (1 67 °F) wire, ratings shall be selected for the overload and

temperature tests based on the use of 75 °C (1 67 °F) wire. In selecting the rating(s) for test, consideration

shall be given to the relative heat dissipating effect of the 60 °C (1 40 °F) versus 75 °C (1 67 °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 acceptabil ity 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 wil l 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 .1 0 – 26.1 .1 3.

26.1 .1 0 A multipole dc circuit breaker intended to have poles wired in series shall be wired in accordance

with the manufacturer's instructions. I f 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 .1 1 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 .1 2 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 interrupting tests, a configuration with the least number of poles energized shall represent

configurations with more poles energized.

b) For temperature tests, a configuration with the most number of poles energized shall represent

configurations with a fewer number of poles energized.

c) Calibration tests shall be conducted on the configurations with both the most and least number

of poles energized.

26.1 .1 3 For the endurance, overload, and interrupting tests, a dc circuit breaker intended for use on a

system having one conductor grounded shall be tested with the enclosure or mounting surface connected

to the negative conductor through a fuse as described in 26.1 .27.

26.1 .1 4 A circuit breaker having an instantaneous response as indicated in 6.5.8 shall be capable of

passing the 1 00-percent calibration test with the instantaneous response set at its minimum setting, and

the other tests 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 26.1 2.

26.1 .1 5 For tests made with ac, a circuit having the rated frequency of the circuit breaker shall be used. I f

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. I f the specified frequency is 400 Hz, a 380 – 420 Hz circuit shall be used. See 400 Hz Rated

Circuit Breakers, Section 36 for testing 400 Hz rated circuit breakers.

26.1 .1 6 Separately-operable circuit breakers in a common base shall not be considered as multipole

circuit breakers but shall be treated throughout as individual circuit breakers. When a 2-pole circuit breaker

consists of poles constructed so as to trip independently, not common trip, each pole shall be treated as a

single pole circuit breaker during the calibration tests.

26.1 .1 7 Separately-operable single-pole circuit breakers shall be treated as individual circuit breakers

even though they may have a common housing.

26.1 .1 8 While normally 1 -, 2-, 3-, and 4-pole constructions wil l 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 .1 9 If a single-pole circuit breaker is rated at 1 20/240 V ac or 1 25/250 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.

Full document details: UL 489 2025

http://www.avadocuments.com/doc/ul-489-2025
http://www.avadocuments.com/doc/ul-489-2025


44 NMX-J-266-ANCE-2025 ♦ CSA C22.2 No. 5:25 ♦ UL 489 MARCH 7, 2025

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, al l tests shall be

conducted using copper conductors. I f not marked for both copper and aluminum conductors, al l 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. I t

shall not be necessary to open test samples to perform a visual inspection to determine compliance.

26.1 .23 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.

26.1 .24 A 2-pole common trip circuit breaker that has an additional marking to indicate acceptabil ity on a

3-phase, corner-grounded, delta circuit shall be caused to control 3-phase test circuits during the overload

and endurance tests and both single and 3-phase circuits during the interrupting test. See 47.1 .21 .

26.1 .25 Except for single-pole circuit breakers tested singly, if a circuit breaker is not marked "l ine" and

"load", one sample of each set tested, or one additional sample, shall be connected with the l ine and load

connections reversed during the overload, endurance, and interrupting tests. When an additional sample

is used, it shall be subjected to the initial 200-percent calibration, the trip-out, and the dielectric voltage-

withstand tests.

26.1 .26 In the overload, endurance, and interrupting tests, a circuit breaker shall be mounted within the

smallest metal enclosure that wil l be used in actual service; except that for the endurance test, an

enclosure shall not be required if the vertical surface on which it is mounted is metal, unless there are

features which would affect the performance of the circuit breaker if not mounted within an enclosure. The

door or cover and any other openings including used and unused openings shall be closed on the outside

of the enclosure by means of tape. However, any venti lating openings specified and permitted by this

Standard for circuit breakers rated 400 A or more, see 47.1 .20, need not be closed. I f the inside of the

enclosure is painted, the paint shall be scraped off on the inside surface of the metal enclosure in areas of

the vents of the circuit breaker and where an arc is l ikely to strike. A nonconducting enclosure shall be

used if the circuit breakers are marked as precluding use in a metal enclosure as required by 47.1 .1 9.

26.1 .27 In the overload, endurance, and interrupting tests, a fuse acceptable for branch circuit protection

shall be connected between the enclosure or mounting surface, see 26.1 .26, and one line to indicate arc

over as indicated in 26.1 1 .4.1 .1 4 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 l imiting impedance by means of a 1 0 AWG

(5.3 mm2) wire not more than 1 .829 m (6 feet) in length. The enclosure or mounting surface shall not be

otherwise electrically connected.
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Figure 26.1

Overload Test Connection Diagrams

A – 1 -Pole

B, C – 1 -Pole "Tested in Pairs" (also represents 2-Pole independent-trip type circuit breaker)

D – 2-Pole Common-Trip "slant" (1 20/240, 1 25/250 V) Rating

E – 2-Pole Common-Trip Rating other than D

F – 3-Pole

G – 3-Pole wye-connected system ratings

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

I – 4-Pole wye-connected system ratings

N – Neutral

Z – Load Impedance

f – 30 A "ground" Fuse – Enclosure
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26.1 .28 During the overload and endurance tests, circuit breakers rated 1 50 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 substantial ly 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 with USCG Electrical Systems regulations subchapters 33 CFR, Part 1 83 and USCG

electrical engineering regulations subchapter J (46 CFR, Parts 11 0-11 3) shall comply with Sections

26 – 45 except as revised by Annex G.

b) Annex H – Naval Circuit Breakers (Not for Canada): Circuit breakers intended for use aboard

non-combatant and auxil iary naval ships shall comply with Sections 26 – 45 except as revised by

Annex H.

c) Annex I – UPS Circuit Breakers: Circuit breakers intended for use with uninterruptible power

supplies (UPS) shall comply with Sections 26 – 45 except as revised by Annex I .

d) Annex J – Classified Circuit Breakers (US only): Circuit breakers intended for use as alternates

for specified circuit breakers for use with specified panelboards shall comply with Sections 26 – 45

except as revised by Annex J.

e) Annex K – Electronic Trip Circuit Breakers: Electronic trip circuit breakers provided with

programmable components for overcurrent protection, trip settings, current ratings, and the like,

other than those circuit breakers covered in Section 29 or Section 30, shall additionally comply with

Annex K.

f) Annexes L and M – Electronic Trip Circuit Breakers: Circuit breaker trip units employing

electronic circuit components shall additionally comply with the applicable EMC requirements of

Annexes L and M.

g) Annex N – Molded-Case Circuit Breakers with Additional Motor Overload Protection: Motor

Overload Protection Circuit breakers shall comply with Sections 26 – 45 except as revised by

Annex N.

26.2 Calibration tests

26.2.1 General

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, al l poles shall be loaded equally, except as

indicated in 26.1 .1 7.

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 1 35-

percent initial calibration tests at 25 °C (77 °F). The two trip units having the shortest tripping time during

the 1 35-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 1 35-percent tests. The two samples having the shortest tripping time
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