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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices 
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading 
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on 
request from IEEE or viewed at http://​standards​.ieee​.org/​IPR/​disclaimers​.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, 
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus 
development process, approved by the American National Standards Institute (“ANSI”), which brings 
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards 
are documents developed through scientific, academic, and industry-based technical working groups. 
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without 
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in the 
consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any of 
the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure 
against interference with or from other devices or networks. Implementers and users of IEEE Standards 
documents are responsible for determining and complying with all appropriate safety, security, environmental, 
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document 
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular 
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In 
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards 
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to 
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and 
issued is subject to change brought about through developments in the state of the art and comments received 
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or 
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, 
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that 
an IEEE standard is translated, only the English version published by IEEE should be considered the approved 
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations 
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall 
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or 
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her 
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless 
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice 
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a 
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a 
consensus of concerned interests, it is important that any responses to comments and questions also receive 
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards 
Coordinating Committees are not able to provide an instant response to comments or questions except in 
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to 
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome 
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854  USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with 
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. They 
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include 
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the 
promotion of engineering practices and methods. By making these documents available for use and adoption 
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy 
portions of any individual standard for company or organizational internal use or individual, non-commercial 
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer 
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions 
of any individual standard for educational classroom use can also be obtained through the Copyright Clearance 
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years 
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of 
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that 
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended 
through the issuance of amendments, corrigenda, or errata, visit the IEEE Xplore at http://​ieeexplore​.ieee​.org/​ 
or contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards 
development process, visit the IEEE-SA Website at http://​standards​.ieee​.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://​
standards​.ieee​.org/​findstds/​errata/​index​.html. Users are encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the 
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has 
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://​standards​.ieee​.org/​about/​sasb/​patcom/​patents​.html. Letters of Assurance may indicate 
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation 
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair 
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries 
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions 
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are 
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the 
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility. 
Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 1458-2017, IEEE Recommended Practice for the Selection, Field Testing, and 
Life Expectancy of Molded-Case Circuit Breakers for Industrial Applications.

This recommended practice provides in one document the information necessary to select, apply, and estimate 
the remaining life of molded-case circuit breakers. This standard is intended to be used by para-professionals 
and is not a high-level engineering document.

The 2017 revision of this document includes several additions from the original 2005 publication, including:
—Inspection and testing procedures for insulated-case circuit breakers

—Guidelines on re-use of low-voltage circuit breakers

—Application of molded-case breakers on dc power systems

—Application of molded-case breakers on ac power systems with frequencies above 60 Hz

—Fault charcteristics of static converters and the impact on circuit breaker interrupting rating
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IEEE Recommended Practice for the Selection, Field Testing, and Life 

Expectancy of Molded-Case Circuit Breakers for Industrial Applications 

1. Overview 

1.1 Scope 

This standard document provides a recommended procedure practice for the selection, application, 

and determination of the remaining life in molded-case circuit breakers. This recommended 

procedure is safe and easily understood used in industrial applications. 

1.2 Purpose 

Molded-case circuit breakers are one of the most widely used circuit protection devices in low-

voltage (less than 1000 volt V [ac], 1500 V [dc]) applications. In spite of their wide use in industry, 

the average person specifying, installing, operating, and maintaining these devices has less than a 

complete understanding of them. The purpose of this document is to provide people who purchase 

or maintain molded-case circuit breakers with a single document that includes the following 

information: 

—How molded-case circuit breakers operate 

—How to correctly size and select molded-case circuit breakers 

—How to safely maintain molded-case circuit breakers 

—How to determine when a molded-case circuit breaker must be replaced 
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1.3 The installation code in the United States is the National Electrical 

Code® (NEC®) 

For simplicity this recommended practice will refer to requirements in the NEC.1,2 

2. Normative references 

This standard shall may be used in conjunction with the following publications. The following 

referenced documents are indispensable for the application of this standard. For dated references, 

only the edition cited applies. For undated references, the latest edition of the referenced document 

(including any amendments or corrigenda) applies. 

IEEE Std 242 3004.5™, The Buff Book™—IEEE Recommended Practice for Protection and 

Coordination the Application of Low-Voltage Circuit Breakers in Industrial and Commercial Power 

Systems.1, 2 3 

UL 489/CSA C22.2 No. 5-16/ANCE NMX-J-266, Molded-Case Circuit Breakers, Molded-Case 

Switches, and Circuit-Breaker Enclosures.4 

IEEE Std 1015™, The Blue Book™—IEEE Recommended Practice for Applying Low-Voltage Circuit 

Breakers Used in Industrial and Commercial Power Systems. 

 

 

1The NEC is published by the National Fire Protection Association (http://www.nfpa.org/). Copies are also available from The 

Institute of Electrical and Electronics Engineers (http://standards.ieee.org/). 

2National Electrical Code, NEC, and NFPA 70 are registered trademarks of the National Fire Protection Association. 

3UL standards are available from Global Engineering Documents (http://www.global.ihs.com/). 

4CSA publications are available from the Canadian Standards Association (http://www.csa.ca/). 
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3. Molded-case circuit breaker basics 

3.1 Overview 

This clause describes the basic components of a molded-case circuit breaker and how the 

components work. 

3.2 Introduction 

3.1 Molded case circuit breaker basics 

The topic of circuit breakers covers a very broad range of electrical devices, which have a number of 

things in common, and an even larger number of dissimilar features and capabilities. The main 

groupings selected to cover circuit breakers are listed here as an introduction, without defining or 

explaining the individual groupings at this point: 

—Circuit breakers in general 

—Industrial molded-case circuit breakers (600 [1000 V (ac), 1500 V (dc) and below)] 

—Miniature circuit breakers (240 V and below) 

—Insulated-case circuit breakers [1000 V (ac), 1500 V (dc)] 

Generally speaking, a circuit breaker is a device that: 

—Provides protection 

—Opens and closes 

—Might be removable 

—Might be fixed 

—Might be installed by itself in an enclosure 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 16:23:34 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1458-2017

http://www.avadocuments.com/doc/ieee-1458-2017
http://www.avadocuments.com/doc/ieee-1458-2017


—Might be installed with other equipment 

—Is applied at many voltage levels 

Circuit breaker definitions vary depending upon are mostly consistent throughout the source of the 

industry. The following definition is from IEEE Std 3004.5™-2014. 

NEMA definition—A circuit breaker is defined as: A device designed to open and close a circuit by 

non-automatic means and to open the circuit automatically on a predetermined overcurrent, without 

injury damage to itself when properly applied within its rating. (Adapted from the NEC.) Syn: low-

voltage circuit breaker 

ANSI definition—A circuit breaker is defined as a mechanical switching device, capable of making, 

carrying and breaking currents under normal circuit conditions and also making, carrying for a 

specified time and breaking currents under specified abnormal circuit conditions such as those of 

short circuit. 

3.3 Circuit breakers in general 

The premise is the same for both definitions and both are accurate, but the wording is quite 

different. The same is true with the many types of circuit breakers. Their general purpose is the 

same, but there are also a number of significant differences. 

Circuit breakers come in what seems to be a never-ending array of sizes, designs, ratings, and 

functions (see Figure 1). In general, a circuit breaker provides switching capabilities and protection 

against one or more overcurrent conditions. Examples of overcurrents are overloads, short circuits, 

and ground faults. 
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The circuit breaker might be applied as an individual item in its own enclosure or utilized in 

conjunction with a wide variety of other equipment in a common enclosure. Depending upon such 

things as system voltage, type of circuit breaker, and specific application, circuit breakers in 

common enclosures with other devices might be called panelboards, or switchboards, switchgear, 

which are is each specifically defined by a set of standards. They might even be referred to as just an 

assembly. An assembly could include some or all of the following: circuit breakers, control devices, 

metering devices, regulating devices, equipment interconnections, and supporting structures. 

 

Figure 1—A broad range of circuit breakers 

From a very broad perspective, all circuit breakers have the following common design and 

functional characteristics: 

—Compliance with specific standards 

—Set of open/close contacts 
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—Means to open and close the contacts 

—Means to extinguish an arc 

—Means to respond to overcurrents/commands 

—Method for enclosing circuit breaker components 

—Method for mounting circuit breaker 

3.4 Circuit breaker standards 

In North America the governing molded-case circuit breaker (MCCB) standards are ANCE NMX-J-

266 in Mexico, CSA C22.2 No. 5 in Canada, and UL 489 in the United States. As of 2016, these three 

standards have been harmonized into a single document, so when UL 489 is mentioned all three 

standards are actually being referred to. 

Circuit breakers are designed, built, and tested in accordance with one or more specific sets of 

standards. The applicable standards might be domestic, international, or both. These standards 

actually categorize particular types of circuit breakers. The governing standards are ANCE, ANSI, 

CSA, IEC, IEEE, NEMA, and UL. For a circuit breaker to be used, it shall comply with one or more 

specific sets of these standards. 

3.5 Contacts open and close 

Contacts in a circuit breaker provide a means for isolating or connecting a part of a circuit from or 

with to the rest of the system. The contacts are like a wall switch that turns your lights on and off. In 

the case of a circuit breaker, however, the number of contacts depends upon the circuit breaker 

application. For example, a three-pole circuit breaker applied on a three-phase electrical system 

would have three sets of contacts. In general, circuit breaker contacts are provided in sets, one set 

per phase. A contact set is usually comprised consists of a fixed part and a movable part. As a circuit 

breaker opens or closes, the fixed part of the contact maintains its position, while the movable part 

moves to close (make) or open (break) the contact. 
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3.6 Means to open and close contacts 

3.6.1 Overview 

Circuit breakers utilize some type of operating mechanism to open and close the contacts just 

discussed. This operating mechanism can be mechanical or electro-mechanical. 

Depending upon the type of circuit breaker being considered, the operating mechanism could be 

called upon to: 

—Open and close the contacts manually 

—Open and close the contacts on demand from a separate control or relay device 

—Open the contacts automatically 

3.6.2 Opening and closing contacts 

Let’s Consider a three-phase circuit breaker of any kind. Designs are such that three sets of contacts 

open or close simultaneously. This means that all the contacts are linked together in some manner. 

This part of the mechanism might be connected mechanically in some fashion to a common handle. 

The handle, when operated, puts the mechanism into motion, and opens or closes the circuit breaker 

by opening or closing the contacts. 

Circuit breakers, by virtue of their size and/or one or more standards requirements, need additional 

assistance to set the mechanism in motion and open or close the contacts as required. This additional 

assistance takes the form of opening or closing springs. Springs play a big role in the precise 

functioning of circuit breaker mechanisms. Springs are stretched or compressed to provide the 

energy necessary to assist with the proper opening or closing of the contacts. 

A circuit breaker mechanism with spring assistance falls into one of the two following categories: 

—Over-toggle type 

—Two-step stored-energy type 
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Over-toggle spring mechanisms are normally associated with molded-case circuit breakers with , 

while two-step stored-energy types and type mechanisms are normally associated with insulated-

case and power circuit breakers. 

3.6.3 Over-toggle 

In a circuit breaker with an over-toggle mechanism, a manual handle on the circuit breaker is 

operated to set the mechanism in motion. The handle is moved to open or close the circuit breaker 

until a point is reached where the handle goes over-toggle (past the point of no return), and the 

spring-assisted mechanism automatically opens or closes the circuit breaker. This toggle mechanism 

is called the quick-make, quick-break type, meaning that the speed with which the contacts open or 

close is independent of how fast the handle is moved. A motor operator can be used to operate the 

handle automatically in lieu of manually going through the motion. The design is such that the 

circuit breaker would trip open when called upon to provide its expected protection, even if the 

manual handle were to be held in the ON (closed) position. 

3.6.4 Two-step stored energy 

The closing springs in this type of mechanism are used to store energy for use when needed. The 

process of storing energy and closing the circuit breaker is separated into the following two steps: 

1) Closing springs are charged with the circuit breaker open. The circuit breaker is then closed. 

2) The closing springs are re-charged with the circuit breaker closed, providing for an open-close-

open sequence. 

Storing the energy in the springs is accomplished through the use of a manual-charging handle, an 

automatic means through the use of a small electric motor, or both. By having the ability to re-charge 

the closing springs, the circuit breaker can rapidly and remotely reclose after a fault. This ability to 

attempt a reclosure if a fault causes the circuit breaker to trip is designed to provide the user with a 

high degree of service continuity. Closing the circuit breaker can be accomplished by using a manual 

pushbutton or an electrical closing solenoid. 
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Insulated-case circuit breakers typically have a two-step stored-energy mechanism. Insulated-case 

circuit breakers are certified to the standard for molded-case circuit breakers. 

3.6.5 Electromagnetic assistance 

Many molded-case circuit breaker designs achieve high interrupting ratings by being designed to 

take full advantage of certain natural facts of physics to assist the operating mechanism with the 

opening process. This concept centers on a natural repulsion between two parallel conductors with 

current running in them in opposite directions. 

While on the subject of the importance of the application of electromagnetic theory to circuit breaker 

design, it is appropriate to note that some new low-voltage power breaker designs take advantage of 

electromagnetic forces in both directions, opening and closing. Designs are such that the forces are 

used to help hold the contacts closed against a fault when required, and then reversed to assist with 

the opening process. 

3.7 Means to extinguish an arc 

3.7.1 Introduction 

An arc is defined as a discharge of electric current crossing a gap between two contacts. Arcs are 

formed when the contacts of a circuit breaker are opened under load. Arcs can be very destructive 

and vary greatly in size and intensity. The size of the arc depends on the amount of current present 

when the contacts are pulled apart. For example, the arc formed when a normal load current is 

broken would be insignificant in comparison to the arc formed when a short-circuit current is 

broken. Since arcs cannot be prevented, circuit breakers are designed to control them. 
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The heat associated with an arc creates an ionized gas environment. The bigger the arc, the more 

heat created. The more heat created, the more ionization that takes place. The more ionization, the 

better the conditions are for an arc to be maintained and grow. Obviously, this is the condition that 

must be dealt with quickly and effectively by a circuit breaker. The important thing to remember 

here is that the ability of the circuit breaker to control the arc is the key to its short-circuit 

interrupting capability. Of all overcurrent conditions, the short circuit is potentially the most 

devastating. 

3.7.2 Current zero and arc extinguishing 

When considering alternating current, it is important to note that there is no current flowing at each 

point zero (current zero) in the cycle. This is a very important aspect of arc extinguishing. With no 

current at point zero, conditions are optimal for preventing an arc from continuing. 

3.7.3 Voltage and arc extinguishing 

Voltage is also a very important consideration. Voltage tries to keep the current moving. It will keep 

pushing the current through point zero and give new life to the arc. Current does not take kindly to 

being stopped in its tracks during the extinguishing of an arc. When an arc is stopped at current 

zero, the voltage will do its best to re-ignite the arc. Assuming it is unsuccessful, the built-up voltage 

pressure puts a great deal of potentially destructive stress on not only the device being used to 

extinguish the arc, —the circuit breaker, —but also the entire system. Equipment designs must take 

this possibility into account. Whether or not extinguishing of the arc is successful depends, in 

general, on the re-establishment of the dielectric strength of the gap between the open circuit breaker 

contacts. If the dielectric strength is greater than the voltage trying to re-ignite the arc, arc 

extinguishing will be successful. A dielectric is any insulating material between two conductors. The 

dielectric strength is the maximum voltage a dielectric can withstand without breaking down. 
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3.7.4 Arc extinguishing methods 

In general, the control and extinction of an arc in molded-case circuit breakers make use of one or 

more of the following four techniques: 

a) Arc extinguisher (chute) 

b) Break arc into smaller pieces 

c) Blow arc out with high-pressure gases 

d) Enclose contacts in non-conductive environments 

Keep in mind that even though although all of these four techniques are used, the arc extinguisher 

(chute) method is the predominantly used method of extinguishing the arc in molded-case circuit 

breakers. This method cools and de-ionizes the arc at the same time, while it also contributes to the 

arc not being able to sustain itself. 

3.7.5 Arc extinguisher (chute) 

The function of the arc extinguisher is to control, divide, and extinguish an arc each time a breaker 

interrupts current. An arc extinguisher, therefore, dissipates arcs that result when the circuit breaker 

interrupts current flow. Each arc extinguisher consists of a stack of U-shaped steel plates held 

together by two insulating side plates. When an interruption occurs and the contacts separate, the 

current flow through the ionized region between the contacts induces a magnetic field around the 

arc and arc extinguisher. The resulting force drives the arc into the steel plates, de-ionizing the gas 

while dividing and cooling the arc. 

Standard molded-case circuit breakers utilize a linear current flow contact arrangement. A small 

blow-apart force between the contacts is generated under short-circuit conditions, which helps to 

open the contacts. The majority of the opening action, however, is caused by the mechanical energy 

stored in the trip mechanism itself. 
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Refinements have been made to the arc extinguisher, but not until the use of the reverse loop contact 

design have significant strides been made in the direction of improved to improve arc extinguishing. 

The reverse loop design takes advantage of a principle of physics that describes what happens when 

current flows in essentially opposite paths. A much greater blow-apart force between the contacts is 

generated with the reverse loop design. This blow-apart force is directly proportional to the size of 

the fault current; the greater the fault, the greater the force. This force assists with rapid arc 

extinguishing by causing faster contact opening speeds. (see Figure 2). 

 

Figure 2—Arc extinguishers 

3.8 Means to respond to overcurrents/commands 

3.8.1 Introduction 

For a circuit breaker to be effective, a means must be provided that enables the circuit breaker to 

perform automatically or in response to a command. In order to accomplish this, generally, low-

voltage circuit breakers are provided with integrally mounted devices called trip units. 
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3.8.2 Trip units 

The function of the trip unit is to trigger the operating mechanism in the event of a prolonged 

overload or short-circuit current. To accomplish this, electromechanical (thermal magnetic) or 

electronic trip units are provided. (see Figure 3). The traditional molded-case circuit breaker has 

used electromechanical (thermal magnetic) trip units. 

Protection is provided by combining a temperature-sensitive device with a current-sensitive 

electromagnetic device, both of which act mechanically on the trip mechanism. Molded-case circuit 

breakers utilize one or a combination of different trip elements to provide the required circuit 

protection for a particular application. These trip elements protect against three conditions—thermal 

overloads, short circuits, and ground faults. 

 

Figure 3—Trip unit 
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3.9 Method for enclosing circuit breaker components 

3.9.1 Introduction 

The rigid circuit breaker frame provides a means by which all the required pieces and parts can be 

mounted and kept in place, ensuring the proper operation of the circuit breaker. The frame does 

more than just hold all the components together. It plays a critical role in the overall design’s ability 

to comply with applicable standards. For example, the circuit breaker frame provides the rigidity 

and strength required to successfully deal with the interruption process and achieve the desired 

interrupting ratings. The frame’s mechanical strength of the case is sufficient to withstand the 

magnetic forces created by the square of the peak current, which could be quite large and potentially 

destructive. It also provides for insulation and isolation of the current path, offering personnel 

protection near the equipment during normal (no overcurrent) operation. Finally, the frame also 

provides a means by which the circuit breaker can be mounted and used. Molded-case circuit 

breakers utilize molded insulating materials. Other low-voltage power circuit breakers and current 

medium voltage power circuit breakers are of a metal frame design. 

3.9.2 Molded insulating material type 

The primary functions of the molded-case frame are to provide a rigid insulated housing to mount 

all of the circuit breaker components and deliver mechanical strength. Cases or frames are usually 

molded from a strong insulating material, such as glass-polyester or thermoset composite resins. 

Sizes vary according to the ampere rating of the circuit breaker. (see Figure 4). 
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Figure 4—Molded insulating material type 

3.10 Method for mounting circuit breaker 

3.10.1 Introduction 

The mounting method is the way the circuit breaker is actually used in its individual enclosure or 

assembly. Circuit breakers, depending on the type and/or the particular application, are mounted for 

use in one of three basic ways: 

—Fixed mounted 

—Removable 

—Drawout 
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3.10.2 Fixed mounted 

Generally speaking, a circuit breaker that is put into position in its individual enclosure or assembly 

and permanently bolted (fixed) in that position is considered a fixed-mounted circuit breaker (Figure 

5). To safely remove and/or replace a fixed circuit breaker, the power shall be removed from the 

circuit breaker and the bolted connections shall be undone. 

 

Figure 5—Fixed mounted 

3.10.3 Removable 

A removable circuit breaker is similar to a fixed-mounted circuit breaker in that it is fixed in its 

position and shall not be removed without removing power from the circuit breaker. The removable 

circuit breaker (see Figure 6) differs from the fixed in that it is provided with some type of mounting 

mechanism that permits removal of the circuit breaker without unbolting connections. Basically, the 

removable circuit breaker is more convenient for maintenance than the fixed type. 
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Figure 6—Removable 

3.10.4 Drawout 

A drawout circuit breaker is normally provided with a mechanism mounted to the circuit breaker 

that matches up with some type of mechanism or cradle permanently mounted in an enclosure or 

assembly (see Figure 7). This configuration permits the circuit breaker to be moved into or out of its 

structure, without disconnecting or unbolting anything. Movement of the circuit breaker in or out 

could be manual or it could be accomplished using some type of racking mechanism. 

A racking mechanism permits a circuit breaker to be moved, usually by turning or ratcheting a 

handle. By design, only the circuit breaker’s load needs to be turned off to rack the circuit breaker 

from the “connected” position. This is accomplished by built-in interlocks, which automatically 

open the circuit breaker before racking out begins. The drawout feature is quite beneficial, since the 

power to the entire assembly does not have to be turned off to service one circuit breaker. 
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Figure 7—Drawout mounted 

3.11 Molded-case circuit breaker components 

3.11.1 Introduction 

Molded-case circuit breakers are evaluated per the UL Standard 489 [B6]3 Standards. Typical 

voltage ranges are — 120 V (ac) to 1000 V (ac) and 24 V (dc) to 1500 V (dc). 

— 240 V 

— 277 V 

— 480 V 

— 600 V 

3The numbers in brackets correspond to those of the bibliography in Annex A. 
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Typical current ranges are 15 A through 3000 4000 A for MCCBs, and 100 A through 6000 A for 

insulated-case circuit breakers (ICCBs), with fault current ranges interrupting capacities of 10 5 kA 

through 100 200 kA. 

3.11.2 Molded case (frame) 

A cut-away view of a three-pole molded-case circuit breaker is shown in Figure 8. The function of 

the molded case is to provide an insulated housing in which all of the components are mounted. The 

cases are molded from glass-polyester material that combines ruggedness and high dielectric 

strength in a compact design. 

Although many types of molded-case circuit breakers are manufactured, all are comprised 

composed of the following five six main components: 

—Molded case (frame) 

—Operating mechanism 

—Arc extinguishers extinguisher 

—Contacts 

—Trip units unit 

—Connectors 
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Figure 8—Cut-away view of molded-case circuit breaker 

Each different type and size of molded case is assigned a frame designation. This frame 

identification describes a number of important characteristics of the breaker, i.e.g., maximum 

voltage and current ratings, interrupting ratings, standards met, and physical dimensions of the 

molded case. Unfortunately, all manufacturers have a different identification system for their own 

breakers because the characteristics of their breakers’ can differ from those of other manufacturers. 

For example, there might be three different interrupting ratings in the same physical frame size 

made by one manufacturer, while another manufacturer might have to use three physically different 

packages. 

3.12 Thermal conditions 

Insulation deterioration in electrical conductors is usually the result of overload conditions. When an 

overload condition exists, a temperature buildup occurs between the insulation and the conductor. 

Uncontrolled, this excessive heat will reduce the life of the conductor and eventually result in a short 

circuit as the insulation fails. 
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The heat in a conductor depends on the square of the rms current, the conductor resistance (R), and 

the time (t) the current flows. If the current flowing into a conductor and the time for which it flows 

are monitored, overload conditions are predictable and can be detected. 

A time-current curve shows the boundary between the normal and the overload condition. A typical 

time-current curve for the thermal (overload) element of a circuit breaker protective device indicates 

that a trip will occur in 1800 seconds s at 135% of rating (Point A) or ten seconds 10 s at 500% of 

rating (Point B). See Figure 9 8. A circuit-protective device uses time-current curves to indicate when 

it will operate to protect a conductor against overload conditions. 

 

Figure 9—Overload time-current curve curves 

3.13 Short-circuit conditions 

Short-circuit currents (fault currents) usually occur when abnormally high currents flow due to the 

failure of the insulation. When the insulation between phases or between phases and ground breaks 

down, short-circuit currents, limited only by the capabilities of the distribution system, can be 

expected to flow into the fault. The short-circuit must be current flow is eliminated quickly to protect 

against damage from the resulting thermal and dynamic stresses. 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 16:23:34 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1458-2017

http://www.avadocuments.com/doc/ieee-1458-2017
http://www.avadocuments.com/doc/ieee-1458-2017


A typical time-current curve for a short-circuit (instantaneous) element of a circuit breaker indicates 

that a trip will not occur until the fault current reaches or exceeds Point A as shown in Figure 10 9. 

The methods used by a molded-case circuit breaker to protect against a short circuit are also 

addressed in detail later in this clause. 

 

Figure 10—Short-circuit time-current curve curves 

3.14 Ground fault conditions 

A ground fault is one particular type of short circuit. It is a short circuit that involves current going 

to ground, and is probably the most common type of fault experienced on low-voltage systems. 

Arcing ground fault currents are often not of a large enough magnitude to be detected by the 

standard protective device. Undetected, the ground fault current can develop into a current value 

high enough to trip the standard protective device. 

By this time, it is often too late and the damage has been done. This is especially true with motors 

where an internal insulation failure can result in serious damage. 

Traditionally, when an electrical system required the detection of ground fault currents, separate 

ground fault protection devices were used to provide the additional level of protection. With the 

advent of electronic trip circuit breakers, ground fault protection has become an integral part of the 

trip unit. 
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The National Electrical Code® (NEC®) (NFPA 70) [B4 B7] requires ground fault protection on 

specific applications, such as service entrance. NEC [B4] rules are dependent upon depend on such 

factors as the service’s current rating, the voltage level, the type of system, and how the system is 

grounded. 

3.15 Types of trip units 

3.15.1 Introduction 

A. Fixed or interchangeable trip unit 

Conventional molded-case circuit breakers are available with either a fixed or interchangeable 

electromechanical trip unit, depending on the type and frame size. With a fixed trip breaker, the 

entire breaker shall be replaced if a new trip unit rating is required. With an interchangeable trip 

breaker, only the trip unit has to be changed, up to the maximum current rating of the breaker 

frame. 

Some molded-case circuit breakers offer one additional interchangeable dimension, 

interchangeability between electromechanical and electronic trip units within the same frame. The 

trip units can be interchanged with no modifications. 

All interchangeable electromechanical trip breakers have adjustable magnetic elements that provide 

short-circuit protection. Certain smaller breaker frame sizes are sealed units, as required by UL, and 

are not interchangeable trip unit breakers. The magnetic element on these sealed breakers is not 

adjustable. 

B. Fixed thermal and adjustable thermal settings 

Electromechanical trip circuit breakers contain thermal trip elements, which provide overload 

protection. This thermal element may be either fixed or adjustable. Except for adjustable electronic 

trips, UL-regulated circuit breakers utilize a fixed thermal element. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 16:23:34 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1458-2017

http://www.avadocuments.com/doc/ieee-1458-2017
http://www.avadocuments.com/doc/ieee-1458-2017


3.15.2 Electromechanical trip unit 

Conventional breakers utilize bimetal and electromagnets to provide overload and short-circuit 

protection. 

This type of protective action is referred to as thermal magnetic and has been a standard product of 

the industry practice. 

Thermal trip action is achieved through the use of a bimetal heated by the load current. On a 

sustained overload, the bimetal will deflect, causing the operating mechanism to trip. The time 

needed for the bimetal to bend and trip the circuit breaker varies inversely with the current. 

A bimetal consists of two strips of metal bonded together. Each strip has a different thermal rate of 

heat expansion. Heating of the bimetal due to excessive current will cause the bimetal to bend or 

deflect. The metal having the greater rate of expansion will be on the outside (longer boundary) of 

the bend curve. To trip the breaker, the bimetal deflects far enough to physically push the trip bar 

and unlatch the contacts. (see Figure 11 10). 

 

Figure 11—Thermal trip portion 

Deflection is predictable as a function of current and time, as shown in Figure 12 11. This means, for 

example, that a typical 100 A breaker might trip in 1800 seconds s at 135% of rating (Point A) or 10 

seconds s at 500% of rating (Point B). Consequently, bimetal provides a long time delay on light 

overloads, yet has a fast response on heavier overloads. 
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Thermal elements are calibrated at the factory and are not field adjustable for UL-regulated 

applications. A specific thermal element is to be supplied for each current rating. For example, a 

particular frame breaker may be available from the factory with various thermal elements ranging 

from 15 A to 150 A. The thermal element cannot exceed 150 A because the breaker is built on a 150 A 

frame. 

 

Figure 12—Typical time-current curve for a 100 A thermal element of a 

breaker 

Magnetic trip action is achieved through the use of an electromagnet whose winding is in series with 

the load current. When a short circuit occurs, the current passing through the circuit conductor 

causes the magnetic field strength of the electromagnet in the breaker to rapidly increase and attract 

the armature. As the armature is attracted to the electromagnet, the armature rotates the trip bar 

causing the circuit breaker to trip as diagramed in Figure 13 12. The only delay factor is the time it 

takes the contacts to physically open and extinguish the arc. The action generally takes place in less 

than one cycle and trips the breaker instantaneously, without any intentional delay. Older breakers 

or breakers that have been in service for a long period of time can operate more slowly, depending 

on the environment in which they have been housed. 
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Figure 13—Magnetic trip portion 

 

 

Figure 14—Magnetic time-current curve curves 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 16:23:34 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1458-2017

http://www.avadocuments.com/doc/ieee-1458-2017
http://www.avadocuments.com/doc/ieee-1458-2017

