'/5/ 7 IEEE 3004 STANDARDS:
A PROTECTION & COORDINATION

EEE Std 3004.3"-2020

IEEE Recommended Practice for the
Application of Low-Voltage Fuses in
Industrial and Commercial Power

IEEE STANDARDS ASSOCIA

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 23:54:51 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 3004.3-2020


http://www.avadocuments.com/doc/ieee-3004-3-2020
http://www.avadocuments.com/doc/ieee-3004-3-2020

IEEE Std 3004.3™-2020

IEEE Recommended Practice for
Application of Low-Voltage Fuses in
Industrial and Commercial Power
Systems

Developed by the

Industrial and Commercial Power Systems Standards Development Committee
of the
IEEE Industry Applications Society

Approved 24 September 2020

IEEE SA Standards Board

Documents
Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 23:54:51 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 3004.3-2020


http://www.avadocuments.com/doc/ieee-3004-3-2020
http://www.avadocuments.com/doc/ieee-3004-3-2020

Abstract: The selection and application of low-voltage fuses used in North American industrial
and commercial power systems is covered by this standard.
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motor overcurrent protection, non-current-limiting branch circuit fuses, overcurrent protective
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https:/standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

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

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing
varied viewpoints and interests to achieve the final product. IEEE Standards are documents developed by
volunteers with scientific, academic, and industry-based expertise in technical working groups. Volunteers
are not necessarily members of IEEE or IEEE SA, 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 makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant
or represent that the use of the material contained in its standards is free from patent infringement. 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: THE
NEED TO PROCURE 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 is 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, nor 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 the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
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 evaluating comments or in revisions to an IEEE standard is
welcome to join the relevant IEEE working group. You can indicate interest in a working group using the
Interests tab in the Manage Profile & Interests area of the IEEE SA myProject system. An IEEE Account is
needed to access the application.

Comments on standards should be submitted using the Contact Us form.

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 constitute 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.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 23:54:51 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 3004.3-2020


https://development.standards.ieee.org/myproject-web/public/view.html#landing
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
http://www.avadocuments.com/doc/ieee-3004-3-2020
http://www.avadocuments.com/doc/ieee-3004-3-2020

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US 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.

Photocopies

Subject to payment of the appropriate licensing fees, 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;
https://www.copyright.com/. 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 10 years. When a document is more than 10 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 IEEE Xplore or contact IEEE. For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number
and year of approval to access the web page of the published standard. Errata links are located under the
Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

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
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IEEE SA Website at https://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.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities
consider research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. 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.
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Introduction

This introduction is not part of IEEE Std 3004.3-2020, IEEE Recommended Practice for Application of Low-Voltage
Fuses in Industrial and Commercial Power Systems.

IEEE 3000 Standards Collection®

This recommended practice was developed by the Industrial and Commercial Power Systems Standards
Development Committee of the Industry Applications Society, as part of a project to repackage the popular
IEEE Color Books®. The goal of this project is to speed up the revision process, eliminate duplicate
material, and facilitate use of modern publishing and distribution technologies.

When this project is completed, the technical material included in the 13 “color books” will be included in
a series of new standards. Approximately 60 additional “dot” standards, organized into the following
categories, will provide in-depth treatment of many of the topics formerly covered in the color books:

— Power Systems Design (3001 series)

— Power Systems Analysis (3002 series)

— Power Systems Grounding (3003 series)

— Protection and Coordination (3004 series)

— Emergency, Standby Power, and Energy Management Systems (3005 series)
— Power Systems Reliability (3006 series)

— Power Systems Maintenance, Operations, and Safety (3007 series)

In many cases, the material in a dot standard comes from a particular chapter of a particular IEEE Color
Book. In other cases, material from several IEEE Color Books has been combined into a new dot standard.

IEEE Std 3004.3™

This publication provides a recommended practice for the electrical design of commercial and industrial
facilities. It is likely to be of greatest value to the power-oriented engineer with limited commercial or
industrial plant experience. It can also be an aid to all engineers responsible for the electrical design of
commercial and industrial facilities. However, it is not intended as a replacement for the many excellent
engineering texts and handbooks commonly in use, nor is it detailed enough to be a design manual. It
should be considered a guide and general reference on electrical design for commercial and industrial
facilities.

Tables, charts, and other information that have been extracted from codes, standards, and other technical
literature are included in this publication. Their inclusion is for illustrative purposes; where technical
accuracy is important, the latest version of the referenced document should be consulted to assure use of
complete, up-to-date, and accurate information.
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IEEE Recommended Practice for
Application of Low-Voltage Fuses in
Industrial and Commercial Power
Systems

1. Overview

1.1 Scope

This recommended practice covers the selection and application of low-voltage fuses used in North
American industrial and commercial power systems.

1.2 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard
and from which no deviation is permitted (shall equals is required to).':?

The word should indicates that among several possibilities one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily
required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may
equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able to).

! The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe
unavoidable situations.
% The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.
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IEEE Std 3004.3-2020
IEEE Recommended Practice for Application of Low-Voltage Fuses in Industrial and Commercial Power Systems

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

CSA C22.1, Canadian Electrical Code (CEC), Part I: Safety Standard for Electrical Installations.?

CSA C22.2 No. 248.1, Low Voltage Fuses—Part 1: General Requirements.

CSA C22.2 No. 248.2, Low Voltage Fuses—Part 2: Class C Fuses.

CSA C22.2 No. 248.3, Low Voltage Fuses—Part 3: Class CA and CB Fuses.

CSA C22.2 No. 248.4, Low Voltage Fuses—Part 4: Class CC Fuses.

CSA C22.2 No. 248.5, Low Voltage Fuses—Part 5: Class G Fuses.

CSA C22.2 No. 248.6, Low Voltage Fuses—Part 6: Class H Non-Renewable Fuses.

CSA C22.2 No. 248.7, Low Voltage Fuses—Part 7: Class H Fuses, Renewable.

CSA C22.2 No. 248.8, Low Voltage Fuses—Part 8: Class J Fuses.

CSA C22.2 No. 248.9, Low Voltage Fuses—Part 9: Class K Fuses.

CSA C22.2 No. 248.10, Low Voltage Fuses—Part 10: Class L Fuses.

CSA C22.2 No. 248.11, Low Voltage Fuses—Part 11: Plug Fuses.

CSA C22.2 No. 248.12, Low Voltage Fuses—Part 12: Class R Fuses.

CSA C22.2 No. 248.13, Low-Voltage Fuses—Part 13: Semiconductor Fuses.

CSA C22.2 No. 248.14, Low Voltage Fuses—Part 14: Supplemental Fuses.

CSA C22.2 No. 248.15, Low Voltage Fuses—Part 15: Class T Fuses.

CSA C22.2 No. 248.16, Low Voltage Fuses—Part 16: Test Limiters.

ICEA P-32-382, Short-Circuit Characteristics of Insulated Cable.*

I[EC 60269-6, Low-Voltage Fuses—Part 6: Supplementary Requirements for Fuse-Links for the
Protection of Solar Photovoltaic Energy System.>

IEC 60947-4-1, Low-Voltage Switchgear and Controlgear, Part 4: Contactors and Motor-Starters, Section
One—Electromechanical Contactors and Motor-Starters.

IEEE Std 1584™, IEEE Guide for Performing Arc Flash Hazard Calculations.® ’

3 CSA publications are available from the Canadian Standards Association (https://www.csa.ca/).

4 ICEA publications are available from the Insulated Cable Engineers Association (https://www.icea.org/).

5 IEC publications are available from the International Electrotechnical Commission (https://www.iec.ch) and the American National
Standards Institute (https://www.ansi.org/).

o Documents
Copyright © 2021 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 23:54:51 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 3004.3-2020


http://www.avadocuments.com/doc/ieee-3004-3-2020
http://www.avadocuments.com/doc/ieee-3004-3-2020

IEEE Std 3004.3-2020
IEEE Recommended Practice for Application of Low-Voltage Fuses in Industrial and Commercial Power Systems

NEMA FU 1, Standard for Low-Voltage Cartridge Fuses.?

NFPA 70, National Electrical Code® (NEC®).% 10

UL 98, Standard for Enclosed and Dead-Front Switches. !!

UL 198M, Standard for Mine-Duty Fuses.

UL 248-1, Standard for Low-Voltage Fuses—Part 1: General Requirements.
UL 248-2, Standard for Low-Voltage Fuses—Part 2: Class C Fuses.

UL 248-3, Standard for Low-Voltage Fuses—Part 3: Class CA and CB Fuses.
UL 248-4, Standard for Low-Voltage Fuses—Part 4: Class CC Fuses.

UL 248-5, Standard for Low-Voltage Fuses—Part 5: Class G Fuses.

UL 248-6, Standard for Low-Voltage Fuses—Part 6: Class H Non-Renewable Fuses.
UL 248-7, Standard for Low-Voltage Fuses—Part 7: Renewable Fuses.

UL 248-8, Standard for Low-Voltage Fuses—Part 8: Class J Fuses.

UL 249-9, Standard for Low-Voltage Fuses—Part 9: Class K Fuses.

UL 248-10, Standard for Low-Voltage Fuses—Part 10: Class L Fuses.

UL 248-11, Standard for Low-Voltage Fuses—Part 11: Plug Fuses.

UL 248-12, Standard for Low-Voltage Fuses—Part 12: Class R Fuses.

UL 248-13, Standard for Low-Voltage Fuses—Part 13: Semiconductor Fuses.
UL 248-14, Standard for Low-Voltage Fuses—Part 14: Supplemental Fuses.
UL 248-15, Standard for Low-Voltage Fuses—Part 15: Class T Fuses.

UL 248-16, Standard for Safety, Low-Voltage Fuses—Part 16: Test Limiters.
UL 248-17, Standard for Safety, Low-Voltage Fuses—Part 17: Class CF Fuses.
UL 248-18, Standard for Safety, Low-Voltage Fuses—Part 18: Class CD Fuses.
UL 248-19, Standard for Safety, Low-Voltage Fuses—Part 19: Photovoltaic Fuses.

UL 508, Standard for Industrial Control Equipment.

® The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics
Engineers, Incorporated.

" IEEE publications are available from The Institute of Electrical and Electronics Engineers (https:/standards.ieee.org/).

8 NEMA publications are available from the National Electrical Manufacturers Association (https://www.nema.org/).

® NFPA publications are published by the National Fire Protection Association (https:// www.nfpa.org/).

1 The NEC is published by the National Fire Protection Association (https:/www.nfpa.org/). Copies are also available from the
Institute of Electrical and Electronics Engineers (https://standards.ieee.org/).

"' UL publications are available from Underwriters Laboratories (https://www.ul.com/).
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UL 508E, UL LLC Outline of Investigation for IEC Type “2” Coordination Short Circuit Tests of
Electromechanical Motor Controllersin Accordance with IEC Publications 947-4-1.

UL 977, Standard for Fused Power-Circuit Devices.

UL 1008, Standard for Transfer Switch Equipment.

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards
Dictionary Online should be consulted for terms not defined in this clause. 2

ampere (current) rating: The root-mean-square (rms) or dc current that the fuse carries continuously
without deterioration and without exceeding temperature rise limits specified for that fuse.

arcing time: The time elapsing from the melting of the current-responsive element (e.g., the link) to the
final interruption of the circuit. This time depends on such factors as voltage and reactance of the circuit
(see Figure 1).

body size: The set of dimensions of fuses within a fuse class or system. Each individual size covers a range
of rated currents for which the specified dimensions remain unchanged.

coordination (selective): A general term describing the interrelated performance of overcurrent protective
devices. Selective coordination is obtained when a minimum amount of equipment is removed from service
for isolation of a fault or other abnormality.

current limiter: A device intended to function only on fault currents and not on lesser overcurrents
regardless of time. Such a device is often used in series with a circuit breaker, which protects against
overloads and low-level short circuits. However, cable limiters are types of current limiters that are used to
provide short-circuit protection for cables, without being in series with another type of device.

current-limiting fuse: A fuse that interrupts all available currents above its threshold current and below
its maximum interrupting rating, limits the clearing time at rated voltage to an interval equal to or less
than the first major or symmetrical loop duration, and limits peak let-through current to a value less than
the peak current that would be possible with the fuse replaced by a solid conductor of the same impedance
(see Figure 1). Only Class CC, Class CD, Class CF, Class G, Class J, Class L, Class R, and Class T may be
marked “current limiting.”

12 JEEE Standards Dictionary Online is available at: http://dictionary.ieee.org.
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Figure 1—Current-limiting fuse showing peak let-through current and total clearing time

delay: A term usually applied to the opening time of a fuse when in excess of 1 cycle, where the time
may vary considerably between types and manufacturers and still be within established standards. This
word, in itself, has no specific meaning other than in manufacturers’ claims unless published standards
specify delay characteristics. See: time delay.

dual-element fuse: A cartridge fuse having two or more current-responsive elements of different fusing
characteristics in series in a single cartridge. The dual-element design is a construction technique
frequently used to obtain a desired time-delay response characteristic. See: time delay.

ferrule: The cylindrical-shaped fuse terminal that also encloses the end of the fuse. In low-voltage fuses,
the design is only used in fuses rated up to and including 60 A. The ferrule may be made of brass or
copper and may be plated with various materials.

full load: The greatest load that a circuit is designed to carry under specific conditions: any additional load
is overload.

fuse-link: [British Standards Association (BSA) terminology] A complete enclosed cartridge fuse. The
addition of a carrier, or holder, completes the fuse. [In the United States] A replaceable part or assembly
that comprises entirely or principally the conducting element and is required to be replaced after each
circuit interruption to restore the fuse to operating conditions. See: link.

high rupturing capacity (HRC): [British Standards Association (BSA) and Canadian Standards
Association (CSA) terminology] A term equivalent to National Electrical Manufacturers Association
(NEMA) high interrupting rating and generally indicating capability of interruption of at least 100 000 A
root-mean-square (rms) for low-voltage fuses.

I’t (ampere-squared seconds): The measure of heat energy developed within a circuit during the fuses
melting or clearing. Generally stated as melting I%t or clearing It (see Figure 2).
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Figure 2—Graphic comparison of I’t for current-limiting and non-current-limiting fuses

interrupting rating: The rating based on the highest root-mean-square (rms) ac or dc current that the fuse
is tested to interrupt under the conditions specified. The interrupting rating, in itself, has no direct
bearing on any current-limiting effect of the fuse.

link: The current-responsive element in a fuse that is designed to melt under overcurrent conditions and
interrupt the circuit. A renewal link is one intended for use in Class H low-voltage renewable fuses.

melting time: The time required to melt the current-responsive element on a specified overcurrent.
Where the fuse is current limiting, the melting time may be approximately half or less of the total
clearing time. (Sometimes referred to as pre-arcing time.) (See Figure 1.)

nonrenewable (one time) fuse: A fuse or fuse unit not intended to be restored for service after circuit
interruption.

overcurrent: Any current in excess of the rated current of equipment or the ampacity of a conductor. It
may result from overload, short circuit, or ground fault.

overcurrent protective device, branch circuit: A device capable of providing protection for service,
feeder, and branch circuits and equipment over the full range of overcurrents between its rated current
and its interrupting rating. Branch circuit overcurrent protective devices are provided with interrupting
ratings appropriate for the intended use but no less than 5000 A.

overcurrent protective device, supplementary: A device intended to provide limited overcurrent
protection for specific applications and utilization equipment such as luminaires and appliances. This
limited protection is in addition to the protection provided in the required branch circuit by the branch-
circuit overcurrent protective device.

overload: Operation of equipment in excess of normal, full-load rating, or of a conductor in excess of rated
ampacity which, when it persists for a sufficient length of time, would cause damage or dangerous
overheating. A fault, such as a short circuit or ground fault, is not an overload.

peak let-through current (Ip): The maximum instantaneous current through a current-limiting fuse
during the total clearing time. Because this value is instantaneous, it exceeds the root-mean-square (rms)
available current, but is less than the peak current available without a fuse in the circuit if the fault level is
high enough for it to operate in its current-limiting mode (see Figure 1).
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plug fuses: Fuses that are rated 125 V and available with current ratings up to 30 A. Their use is limited to
circuits rated 125 V or less. However, plug fuses may also be used in circuits supplied from a system
having a grounded neutral and in which no conductor operates at more than 150 V to ground. The
National Electrical Code® (NEC®) (NFPA 70) requires Type S fuses in all new installations of plug fuses
because Type S fuses are tamper resistant and size limiting and thus make overfusingdifficult.

pre-arcing time: See: melting time.

renewable fuse: A fuse in which the element, usually a zinc link, may be replaced after the fuse has
opened. Once a popular item, this fuse is gradually losing popularity due to the possibility of using
higher ampere-rated links or multiple links in the field. The National Electrical Code® (NEC®) (NFPA 70)
prohibits the use of renewable fuses in new installations.

short-circuit current: An overcurrent, or more current than normal, that goes outside the normal current
path when it is shunted around the load.

short-circuit current rating: The prospective symmetrical fault current at a nominal voltage to which an
apparatus or system is able to be connected without sustaining damage exceeding defined acceptance
criteria.

threshold current: The magnitude of current at which a fuse becomes current limiting, specifically, the
symmetrical root-mean-square (rms) available current at the threshold of the current-limiting range, where
the fuse total clearing time is less than 0.5 cycle at rated voltage and rated frequency, for a symmetrical
closing, at a power factor of less than 20%.

threshold ratio: The ratio of the threshold current to the fuse’s continuous-current rating.

time-current curve: A graphical plot (in log-log format) of curve that indicates the opening time of the
fuse for various values of current. The curve can be either average melt, minimum melt, or total clearing.

time delay: A term used by National Electrical Manufacturers Association (NEMA), American National
Standards Institute (ANSI), Underwriters Laboratories (UL), and Canadian Standards Association (CSA) to
mean, in Class H, Class K, Class J, Class R, and Class CF (UL) fuses, a minimum opening time of 10 s
on an overload current five times the ampere rating of the fuse, except for Class H, Class K, and Class R,
0 A to 30 A, 250 V body size where the minimum opening time can be reduced to 8 s for five times the
rated current. Such time-delay is particularly useful in allowing the fuse to pass the momentary starting
overcurrent of a motor, yet not hindering the opening of the fuse should the overload persist. In Class CC,
Class CD, Class G, and plug fuses, the phrase time-delay requires a minimum opening time of 12 s on an
overload of twice the fuse’s ampere rating. The time-delay characteristic does not affect the fuse’s short-
circuit current clearing ability. Time-delay is in contrast with the term nontime-delay or fast-acting as
applied to other fuse types.

total clearing time: The total time between the beginning of the specified overcurrent and the final
interruption of the circuit, at rated voltage. It is the sum of the minimum melting time plus tolerance and
the arcing time. For clearing times in excess of 0.5 cycle, the clearing time is substantially the maximum
melting time for low-voltage fuses. (See Figure 1.)

uninterruptible power supply (UPS): A system designed to provide power automatically, without delay
or transients, during any period when the normal power supply is incapable of performing acceptably.

voltage rating: The root-mean-square (rms) ac (or the dc) voltage at which the fuse is designed to
operate. All low-voltage fuses function on any lower voltage, but use on higher voltages than rated is
hazardous. For high short-circuit currents, increasing the voltage increases the arcing and clearing times
and the clearing I°t values.
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4. General discussion

A low-voltage fuse is a current-responsive protective device with a circuit opening fusible part that is
heated and severed by passage of current through it, creating an arc within the fuse. The interaction of the
arc with certain other parts of the fuse results in current interruption.

NOTE—A fuse comprises all the parts that form a unit capable of performing the prescribed functions. It may or may
not be the complete device necessary to connect it into an electric circuit. '3

A fuse has these functional characteristics:

a) It combines both the sensing and interrupting elements in one self-contained device.

b) It is direct acting in that it responds to a combination of magnitude and duration of circuit current
flowing through it.

¢) It normally does not include any provision for manually making and breaking the connection to an
energized circuit, but requires separate devices (e.g., a disconnect switch) to perform this function.

d) Itis asingle-phase device. Only the fuse in the phase or phases subjected to overcurrent responds to
de-energize the affected phase or phases of the circuit or equipment that is faulty.

e) After having interrupted an overcurrent, it is renewed by replacement of an equivalent fuse (or for
renewable fuses, its current-responsive link) before restoration of service.

f)  Periodic maintenance or testing of fuses is not required to determine proper operation, but
maintenance or testing of the switch or fuseholder in which the fuse is installed may be required.

5. Fuse types and standards

5.1 Introduction

The various fuse types and electrical industry standards about fuses are highlighted in this clause. Each is
available from its source and should be studied for detailed requirements.

5.2 Fuse types

Per Article 100 of the NEC (NFPA 70), overcurrent devices, such as fuses, are defined as either branch
circuit overcurrent protective devices or supplementary overcurrent protective devices. Branch circuit
overcurrent protective devices can be used for protection of a service, feeder, or branch circuit of an
electrical system. Supplementary overcurrent protective devices are not permitted to be used as a substitute
or in place of a branch circuit overcurrent protective device per NEC 240.10 (NFPA 70-2017), or the
Canadian Electrical Code (CEC) 14-114 (CSA C22.1-2018). However, in some limited applications, such
as motor branch circuits, specific supplementary overcurrent protective devices, such as semiconductor
(high speed) fuses, may be permitted for branch circuit short circuit and ground fault protection per the
NEC (NFPA 70).

The fuse types that are branch circuit overcurrent protective devices per the NEC (NFPA 70) and CEC
(CSA C22.1) include: plug fuses, Class CC, Class CD, Class CF, Class G, Class H, Class J, Class K, Class
L, Class R, Class T. All of these fuses are current limiting with the exception of plug fuses and Class H

13 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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fuses. There are three basic advantages of current-limiting branch circuit fuses; high interrupting rating,
ease of achieving selective coordination, and increased protection of components.

Class C, Class CA, Class CB high rupturing capacity (HRC) current-limiting fuses are permitted to be used
in Canada per the CEC (CSA C22.1). Class C fuses are only permitted to be used for overcurrent protection
where overload protection is provided by other means, such as short-circuit protection of a motor circuit
where overload protection is provided by an overload relay. Class CA and Class CB fuses are permitted to
be used as branch circuit protective devices.

The fuse types that are supplementary overcurrent protective devices include cable limiters, semiconductor
(high speed) fuses, and supplemental fuses. Cable limiters are current limiters (but not marked “current
limiting”). Semiconductor (high speed) fuses may be marked “current limiting.” Supplemental fuses are not
permitted to be marked “current limiting.”

Test limiters (umbrella fuses) are not intended for use in electrical distribution systems and as such are not
considered either branch circuit overcurrent protective devices or supplementary overcurrent protective
devices.

5.3 Underwriters Laboratories (UL) and Canadian Standards Association (CSA)

5.3.1 Introduction

UL 248-1 and CSA C22.2 No. 248.1 provide general requirements for low-voltage fuses (1000 V or less).
The UL 248 series of standards (1-16 and 19) has been harmonized with UL and CSA. Figure 3 shows the
classification of low-voltage fuses covered by the standards.

' Low Voltage Fuses (0—1000 V)—UL 248-1 and C22.2 No. 248.1 I

' Branch Circuit Overcurrent Protective Devices I

Supplementary
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Figure 3—Low voltage fuses covered by UL and CSA
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