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Abstract: Information for understanding the construction, operation, and application of high-voltage
(> 1000 V) fuses and accessories, intended for use on alternating current (ac) electrical distribution
systems is provided. Current-limiting, expulsion, electronic, and other non-current-limiting fuses
and accessories are covered, as are North American, European, and other application practices.

Keywords: current-limiting fuses, expulsion fuses, fuse application, fuse coordination, high-voltage
fuses, IEEE C37.48™ |EEE C37.48.1™, TCC, time-current characteristics, rated maximum voltage
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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 does not warrant or represent the accuracy or completeness 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. 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 [EEE 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
and 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.

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
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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.

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 C37.48™-2020, IEEE Guide and Tutorial for the Application of High-Voltage
(> 1000 V) Fuses and Accessories.

This guide was prepared by the Revision of Fuse Standards Working Group of the IEEE Subcommittee on High-
Voltage Fuses, and replaces IEEE Std C37.48-2005 and IEEE Std C37.48.1™-2011. Most of the structure and
material in this guide is based on IEC TR 62655:2013, reprinted with permission from IEC. The IEC technical
report, in turn, contains significant portions excerpted and reprinted with permission from IEEE Std C37.48.1-
2011, IEEE Guide for the Application, Operation, and Coordination of High-Voltage (> 1000 V) Current-
Limiting Fuses. IEC TR 62655:2013 frequently compares and contrasts IEC and IEEE practices, but with the
primary emphasis on IEC practice. While this guide also compares and contrasts practices, because it is an
IEEE guide it primarily emphasizes IEEE practice (e.g., using IEEE terminology in the body of the document,
but with Table 1 showing a comparison between IEEE and IEC terms). As with the IEC technical report, it is
felt that including both sets of practices will particularly benefit users located in areas where both practices are
used, and where fuses primarily tested to one or the other, or both, standards are available.

Acknowledgments

The author thanks the International Electrotechnical Commission (IEC) for permission to reproduce
Information from its International Standards. All such extracts are copyright of IEC Geneva, Switzerland. All
rights reserved. Further information on the IEC is available from www.iec.ch. IEC has no responsibility for the
placement and context in which the extracts and contents are reproduced by the author, nor is IEC in any way
responsible for the other content or accuracy therein.
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IEEE Guide and Tutorial for the Application ; ;
Maintenanee of High-Voltage (> 1000 V) Fuses ;DistributionEneclosed

Single-Pole-Air Switches, Fuse Disconnecting Switehes,-and Accessories

1. Overview

1.1 Scope

This guide provides presents information for understanding en the construction application,

operation, and application maintenance of high-_voltage (> 1000 V) fuses , intended for use on

alternating current (ac) electrical distribution systems. Current-limiting, expulsion, electronic, and

other non-current-limiting fuses and accessories are covered, as are North American, European, and

other application practices. As a guide, this document contains no requirements and is informative
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1.2 Purpose

The purpose of this guide is:

a) To help prospective users and protection engineers understand the basics of high-voltage (>

1000 V ac) fuse technology and applications involving high-voltage (HV) fuses!

b) To illustrate the particular and unique advantages of fuse protection for most service

applications

c) To reduce possible misapplications of fuses which could lead to problems in the field

d) To list and describe the many types of fuse in use today, and the international standards that

apply to them, including fuse types not specifically included in IEC, IEEE, or other

recognized standards

This guide gathers information previously published in IEC, IEEE, and other publications, as well as

new material.

1.3 How to use this guide

1.3.1 General

If read from start to finish, this guide will provide an in-depth study of HV fuses and their

applications. It is essentially a tutorial covering all common (and some not so common) types of

fuses and most fuse applications.

1Excerpt from IEC TR 62655 ed 1.0 Copyright © 2013 IEC Geneva, Switzerland www.iec.ch.
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However, it is assumed that few users will read the guide in this way, but rather read the

appropriate sections covering fuses and applications for which they require information. Based on

this assumption, there is therefore some inevitable duplication of information. To assist the user in

making the best use of the document, a description of the content and relevance of each clause

follows.

1.3.2 Fuse tutorial

After clauses on scope, references, and definitions, Clause 4 contains primarily tutorial-style

information. The clause starts with a simple introduction to fuses, first with an explanation of how

fuses work followed by information on basic fuse classifications and common fuse terms. Subclause

4.1.4 continues with lists of advantages gained by using fuses, and 4.1.6 provides a list of basic fuse

types for which application information will be given later.An in-depth look at the most common

types of fuses is given in 4.2 for current-limiting fuses and in 4.3 for expulsion fuses. The high level

of detail given in 4.2 and 4.3, including information describing construction, operation, classification,

and published ratings and characteristics, can, in some cases, be necessary in order to understand

the application information that follows in Clause 5. For completeness, 4.4 gives an overview of less-

common types of fuse (or fuse-related) devices that can require additional testing to the testing that

is covered in existing standards, and for which no further application information is provided.

Subclause 4.5 covers fuse supports.

1.3.3 Application material

Application information appears in Clause 5, Annex A, and Annex B, specifically:

a) Subclause 5.1 covers information common to nearly all applications.

b) Subclause 5.2 contains information on specific, typical applications.

c) Subclause 5.3 covers installation, operation, maintenance, and replacement of fuses.

d) Subclause 5.4 covers recycling of fuses.
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e) Annex A reproduces the current-limiting fuse temperature de-rating information previously

published in IEC 60282-1:2009.

f)  Annex B reproduces additional information on the coordination between reclosers and

currentlimiting fuses from IEEE Std C37.48.1-2011.

If a knowledgeable user requires application information on a specific subject in 5.2 (e.g., motor

circuit fuses), it is possible that only the relevant subclause needs to be read —however in most cases

additional information from 5.1 will be required for satisfactory fuse selection. It should be

emphasized that the information contained in this guide is intended to supplement information

supplied by the manufacturer of a fuse and not replace it. If there is any doubt or conflict of

information, the fuse manufacturer should be consulted.

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.

IEC 60038, IEC standard voltages.

IEC 60071-1, Insulation co-ordination — Part 1: Definitions, principles and rules.

IEC 60076-1, Power transformers — Part 1: General.

IEC 60076-7, Power transformers — Part 7: Loading guide for mineral-oil-immersed power

transformers.

IEC 60076-12, Power transformers — Part 12: Loading guide for dry-type power transformers.

IEC 60282-1, High-voltage fuses — Part 1: Current-limiting fuses.

IEC 60282-1-2009, High-voltage fuses — Part 1: Current-limiting fuses.
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IEC 60282-2, High-voltage fuses — Part 2: Expulsion fuses.

IEC 60549, High-voltage fuses for the external protection of shunt capacitors.

IEC 60644, Specification for high-voltage fuse-links for motor circuit applications.

IEC TR 60890:1987, A method of temperature-rise assessment by extrapolation for partially type-

tested assemblies (PTTA) of low-voltage switchgear and controlgear.

IEC 60909-0, Short-circuit currents in three-phase a.c. systems — Part 0: Calculation of currents.

IEC 62271-100:2012, High-voltage switchgear and controlgear — Part 100: Alternating-current circuit-

breakers.

IEC 62271-103, High-voltage switchgear and controlgear — Part 103: Switches for rated voltages

above 1 kV up to and including 52 kV.

IEC 62271-105:2012, High-voltage switchgear and controlgear — Part 105: Alternating current switch-

fuse combinations for rated voltages above 1 kV up to and including 52 kV.

IEC 62271-106, High-voltage switchgear and controlgear — Part 106: Alternating current contactors,

contactor-based controllers and motor-starters.

IEC 62271-107, High-voltage switchgear and controlgear — Part 107: Alternating current fused

circuit-switchers for rated voltages above 1 kV up to and including 52 kV.

IEEE Std 4™-2013, IEEE Standard Techniques for High-Voltage Testing.

IEEE Std 141™-1993 (R1999), IEEE Recommended Practice for Electric Power Distribution for

Industrial Plants (IEEE Red Book™).

IEEE Std 399™-1997, IEEE Recommended Practice for Industrial and Commercial Power Systems

Analysis (IEEE Brown Book™).

IEEE Std C37.41™, IEEE Standard Design Tests for High-Voltage (> 1000 V) Fuses and Accessories.
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IEEE Std C37.42™, TEEE Standard Specifications for High-Voltage (> 1000 V) Fuses and Accessories.

IEEE Std C37.99™ TEEE Guide for the Protection of Shunt Capacitor Banks.

IEEE Std C57.91™, IEEE Guide for Loading Mineral-Oil-Immersed Transformers and Step-Voltage

Regulators.

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the terms and definitions contained in IEEE Std C37.41™2 apply.

For a comparison of terms according to IEEE usage compared to IEC usage, see Table 1. The IEEE

Standards Dictionary Online should be consulted for terms not defined in IEEE Std C37.41.3

3.2 Acronyms and abbreviations

The following acronyms and abbreviations are used in this document:

AZs amperes-squared-seconds, also A2 x s, the unit of I?t (Joule integral), see 4.2.5.4
BIL basic impulse insulation level

CL current-limiting

CLF current-limiting fuse

FEP fuse-enclosure package

HV high-voltage

2Information on references can be found in Clause 2.

3IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE Account is required for access to the dictionary

and one can be created at no charge on the dictionary sign-in page.
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Tencl de-rated current (of a fuse in an enclosure)

Iy rated current (of a fuse)

It crossover current, where the primary current interruption function in a fuse transfers

from one series mechanism to another

Uc TRV peak voltage in kV (IEC)

t3 time in microseconds to voltage u¢ (IEC)

I prospective current in Test Series 1, as specified for current-limiting fuses and expulsion
fuses in IEEE Std C37.41

Jb) prospective current in Test Series 2, as specified for current-limiting fuses and expulsion
fuses in IEEE Std C37.41

I3 prospective current in Test Series 3, respectively, as specified for current-limiting fuses

and expulsion fuses in IEEE Std C37.41

RMAT rated maximum application temperature
TCC time-current characteristic
TRV transient recovery voltage
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4., Tutorial section

4.1 A simple introduction to fuses

4.1.1 General

Fuses have been in use since the very beginnings of electrical power distribution. While the true

inventor of the fuse is not known, pioneers of electrical distribution soon incorporated them as

“weak points” in their circuits to prevent overheating of wiring due to excessive current, and to

prevent damage to fragile lamps from fluctuations in voltage. Fuses rapidly developed into devices

able to sense a current higher than normal and quickly interrupt (break) that current, all in a self-

contained, easily replaceable unit. Although the variety and complexity of fuses has grown to the

point where user’s guides, such as this one, are necessary, fuses still provide the highest degree of

protection for the lowest initial cost.

The simplest definition of a fuse is that it is a device that carries current through a conductive part

called the fuse element that, when the fuse is subjected to an excessive current, melts due to self-

heating and initiates the interruption of the current. All conventional fuses interrupt current after

some arcing across breaks in the element produced by the melting process. The melting time of a

fuse is therefore also termed the pre-arcing time. A characteristic of fuses is that, because a melting

process initiates current interruption, there are almost no “mechanical” aspects involved in their arc

initiation. Fuses therefore have a very inverse time-current relationship (higher currents giving

much shorter melting times), as illustrated in Figure 1. This enables extremely short melting times at

high currents, virtually without limit. This apparently simple phenomenon is primarily responsible

for the universal success fuses have enjoyed for a very long time.
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Figure 1—Fuse melting time—current characteristic curve

In general, high-voltage fuses (defined as fuses rated above 1000 V ac) are physically larger and

generally more complex than low-voltage fuses due to their need to operate at much higher

voltages. Some standards, (e.g., ANSI C84.1 [Bl]4) classify system voltages as low-voltage, medium-

voltage, or high-voltage. Medium-voltage is classified as a nominal system voltage of greater than

1000 V and less than a specified value. This value is 100 000 V or less, depending on the standard,

and hi¢h-voltage is then equal to or higher than this specified value. HV fuses are used on medium-

voltage and high-voltage systems but, technically, there is no recognition of “medium-voltage fuses”

in IEEE and IEC fuse standards. HV fuses can perform one or both of two primary functions. The

first function is to respond to moderately excessive currents, typically termed overload currents. In

this case, the rated current of the fuse (the current it is designed to be capable of carrving indefinitely

without deterioration) is exceeded by a relatively modest amount (typically less than 10 times). Such

currents can be caused by too much load being connected to a circuit, or by a fault that bypasses

only part of the load. It should be noted that not all types of fuses are designed to have the ability to

operate successfully if melted by an overload current as some types are intended only for operation

at currents above a specified value (see 4.1.2.2). If melted by a low current, it is possible that such

fuses can arc until a series device interrupts, possibly resulting in physical damage to the fuse and its

surroundings. However, some fuses of this type can quickly initiate another device to interrupt such

current, containing the arcing without damage until the second device interrupts.

4The numbers in brackets correspond to those of the bibliography in Annex C.
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The second function, which virtually all fuses are designed to perform, is to respond to overcurrents

that are much higher, and that are usually termed short-circuit currents. In this case substantially all

of the load is bypassed by a major fault and the available current (which, when not limited by a

protective device, is termed the prospective current) can be very high. However, different types of

fuse vary widely in exactly how high a current they can interrupt, and this could be a significant

factor in choosing a fuse type for a particular application. The ways in which fuses respond to high

and low overcurrents, as well as the ways in which they actually interrupt the current, causes HV

fuses to be classified in various ways.

The first main classification is into current-limiting and non-current-limiting types (although because

almost all commonly used non-current-limiting fuses are expulsion fuses, expulsion fuse is usually

the term used in preference to non-current-limiting). Current-limiting (CL) describes a class of fuses

defined by the behavior that occurs when the current is so high that the fuse element melts before

the first peak of the fault current (i.e., in less than a few ms). Upon melting, this type of fuse

introduces resistance into the circuit so rapidly (due to factors including multiple series arcs quickly

producing a significant arc length, and arc constriction by the fuse filler) that the current stops rising

and instead is forced quickly to zero (before a natural current zero would occur). Because the

maximum prospective peak current is not reached, the fuse limits the current in magnitude as well

as _duration, hence the current-limiting name. The current-limiting action is shown in Figure 2(a).

Note that during operation, the current-limiting fuse introduces a “spike” of overvoltage (the fuse

peak overvoltage) into the system during the current-limiting action as shown in Figure 2(a). The

lowest current at which a particular current-limiting fuse exhibits a current-limiting effect is termed

its threshold current and typically occurs at a current of about 20 to 30 times its current rating.
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Figure 2—High-current interruption by current-limiting fuse and

expulsion fuse

An expulsion fuse, melting under the same circumstances, introduces only a small resistance into the

circuit (primarily due to the relatively large diameter and low resistivity of its arc compared to a

current-limiting fuse), so the current continues to virtually the same peak as would occur if the fuse

had not melted. An expulsion action (i.e., where gas is generated by the arc and expelled along with

ionized material) produces a physical gap such that, at a natural current zero, the arc does not

reignite and the current is interrupted. This type of fuse therefore limits the duration of a fault but

not its magnitude. This action is illustrated in Figure 2(b). The figure shows the effect of circuit

transient recovery voltage (TRV). This is the brief transient oscillatory voltage that appears across an

opened circuit, in this case across the fuse, after current interruption, and is due to damped current

oscillation in the circuit inductance and intrinsic parallel capacitance.

For detailed information about the arcing processes and their relationship to fuse resistance during

arcing, see Electric Fuses by Wright and Newbery [B7].
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A second cdlassification, for fuses tested to IEEE Std C37.41, relates to where on the distribution

network a fuse is likely to be suitable for use, based on testing severity. Both current-limiting and

expulsion fuses are termed Class A or Class B (in IEEE standards before 2016 these were called

distribution class and power class, respectively). Generally speaking, Class B fuses are applied in closer

proximity to a major supplying substation than Class A (see 4.1.2.1 for a more thorough

explanation).

While, based on testing, expulsion fuses are only divided into Class A and Class B. Current-limiting

fuses are further divided into classes based on their low current—interrupting ability. This is

discussed in 4.1.2.2 and 4.2.2.

4.1.2 Fuse classifications and terms

4.1.2.1 General

Both current-limiting and expulsion fuses can be of Class A or Class B (these were formerly called

distribution class and power class in IEEE standards before 2016). This classification relates to where,

on a distribution network, the fuses are suitable for use, based on various testing requirements.

Class A fuses are generally applicable for the protection of small transformers, and small capacitor

banks for power-factor correction or voltage control, located on power distribution systems of

overhead line type or cable type, and remotely placed from major substations. They are also

applicable as protective devices at sectionalizing points on such systems. TRV conditions are

described by TRV test parameters, having lower values of frequency and peak factor (lower values

of Uc and longer values of t3 in IEC standards) than those for Class B fuses. They are generally used

in single-phase applications, but are suitable for use in three-phase applications where the higher

capabilities of the Class B (formerly power class) fuse are not required and other application

requirements are met.
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Class B fuses are generally applicable to protect similar equipment as Class A fuses, but in closer

proximity to a major supplying substation and feeder circuits leaving such substations. TRV

conditions and X/R values are more severe than those for Class A fuse applications, and therefore

Class B fuses have more severe test parameters specified. They are more likely to be used in three-

phase applications and in substations, cabinets, or vaults where a large amount of electrical power is

being supplied to a distribution system or some facility that requires large quantities of energy. They

are generally used in that part of a system where high dielectric properties are required for all

equipment. Alternatively, they are sometimes used in single-phase applications in an area where

distribution Class A fuses would normally be used, but where severe faults, hich X/R, or severe TRV

is anticipated. Class B expulsion fuses are generally available with higher maximum interrupting

currents than Class A expulsion fuses, and designs are available having higher rated maximum

voltages.

When selecting the class and type of fuse that should be used at a particular location, factors such as

power being supplied, dielectric properties of the equipment being protected, X/R ratios, fault

currents available, and transient recovery voltage (TRV) severity require consideration.

It should be noted that current-limiting fuses tested to IEC 60282-1 do not differentiate between

Class A and Class B since CL fuses are somewhat insensitive to X/R and TRV. The IEC testing

requirements tend to be similar to those for Class A fuses in IEEE standards.
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A fuse, or fuse unit, comprises all of the parts needed to produce current interruption, to open the

circuit, and to, at least initially, withstand the recovery voltage. However, it may, or may not, be the

complete device that is necessary to connect into an electrical circuit. A fuse support of some type

could be needed also. After operation, at least some part of a device has to be replaced to return the

protection to “as new,” and this can be called a fuse or a fuse unit. It should be noted that in IEC

terminology, a fuse is defined as all the parts that form a complete device, which is everything

needed to connect it into a circuit. After operation, that which is replaced after operation is called the

fuse-link, and is the part that performs the active function of current carrving and interruption.

However, in IEEE standards, fuse link refers only to the replaceable part of a fuse cutout (see

4.3.2.1.1). The terms fuse and fuse unit in IEEE standards have carried the same definition since 2003.

However, in this document, the term fuse unit is normally used for an assembly of parts, requiring

replacement after each operation, which would normally require additional reusable parts to enable

it to connect to the fuse’s contacts or into the electrical circuit, sometimes in addition to a fuse

support. However, a fuse unit does contain all of the necessary parts to enable it to perform the

desired interrupting function, but not necessarily additional functions such an ability to fit into a

fuse support, or perform a dropout action in the fuse support.

There now follows an explanation of additional classifications and common terminology used in

fuse standards and in this guide. An explanation of some differences between IEEE and IEC

terminology is included (see also Table 1).
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4.1.2.2 Additional current-limiting fuse classifications

The ability of different types of CL fuse to interrupt currents lower than those that produce a

current-limiting action result in different classes of CL fuse. Some CL fuses are designed to interrupt

only high currents (i.e., their primary function is to provide a current-limiting action). They therefore

have a limited low-current- interrupting ability and are termed backup fuses. They are usually used in

conjunction with another device in series; such devices include switches (most commonly tripped by

a striker in a switch-fuse combination, see 5.2.8.2), contactors, circuit breakers, or another fuse having a

lower current-interrupting ability. They can be considered to be “backing up” another device, and in

addition to the important current-limiting function, they usually provide increased interrupting

capability. This is because the series device frequently has a limited interrupting capability, while

backup fuses can normally interrupt very high currents, i.e., they have a very high rated maximum

interrupting current.

High-voltage fuses having the ability to interrupt low values of overcurrent as well as high short-

circuit currents are classed as either general-purpose or full-range types. The term g¢eneral-purpose

(which has historical origins, being used before full-range fuses were introduced) does not mean

that the fuse can be used for any sort of application, but merely means that the fuse is designed to

clear low values of fault/overload current. Testing is performed by the fuse manufacturer to show

that fuses classed as general-purpose can clear currents down to at least a value that causes melting

of the fuse element in 1 h. This means that general-purpose fuses can be used with overload currents

that cause them to melt in times of up to 1 h, but no longer. The term full-range is used for the class of

fuse designed to clear even lower values of fault/overload current; in fact, it is intended that such a

fuse can interrupt any continuous current that causes the fuse element to melt. Full-range fuses are

often used in enclosures, sometimes with the enclosure at elevated temperatures; both factors can

reduce the lowest current that causes them to melt, and full-range fuse test methods reflect this.
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4.1.2.3 Current-limiting fuse terminology

Current-limiting fuses are often termed cartridge fuses. This is because they are almost always

cylindrical in shape and contain the fuse element surrounded by an arc-absorbing filler, usually

quartz sand (see 4.2.2 for illustrations of typical current-limiting fuse designs). They have also been

called hi¢h rupturing capacity (HRC) fuses and silver-sand fuses (as elements were traditionally made

from silver, although other element materials are now also common).

A complete CL fuse device can employ a fuse support (see 4.5 and 4.2.2.1). The traditional form of

support usually consists of clips and spade terminals, which are in turn mounted on insulators. They

are used with a fuse/fuse unit having ferrules that fit in the clips. Cables or bus-bars attach to the

terminals. This type of fuse is still extensively in use, normally in “live-front” gear (i.e., equipment

that would have live conductors accessible if the access doors can be opened with the equipment

live). Alternatively, fuse units can be found installed in canisters (i.e., relatively tight-fitting

enclosures) or be molded into rubber or epoxy for use with cables in submersible/dead-front

installations (“dead-front” meaning that no live conductors are exposed). CL fuses are also used

under insulating liquid, either in quite elaborate fuse supports (for ease of replacement) or in simple

cradles inside transformers when they do not have to be replaced by the user (see 5.2.2.6.4).

In some cases, a fuse unit can include all of the components necessary for connection into a circuit,

e.g., if the fuse unit has tags or spade/eyebolt terminals. An example of this method of mounting is

an_external CL fuse that can be hung from an overhead line or mounted on a fuse cutout or

transformer insulator (in which case the cutout or insulator substitutes for the fuse support).
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4.1.2.4 Expulsion fuse classifications and terminology

For expulsion fuses, in most cases the construction and interrupting mechanisms differ between

Classes A and B (unlike current-limiting fuses). See 4.3.2 for illustrations of typical expulsion fuse

designs. The majority of Class A fuses are of a specific fuse type called fuse cutouts (formerly

distribution fuse cutouts). They are characterized by a cutout fuse support that uses an insulator or

insulators having a single-point mounting bracket, generally located centrally between the terminals

that are mounted at each end of the insulator(s). The support holds a fuseholder that is lined with

arc-quenching material and holds a fuse link. The link initiates the arcing and the fuseholder

provides for arc elongation and most of the expulsion gas produced at high currents. After the

expulsion operation, the fuseholder hangs open giving indication and isolation (“dropout action”).

Only the fuse link, comprising a fuse element attached to a flexible cable (termed leader, tail, or pig

tail) and surrounded by a small gas-evolving (arc-quenching) tube (sometimes called the auxiliary

tube), has to be replaced. There are also designs, called open-link cutouts, that use no fuseholder, but

rather the fuse link contains all the parts necessary to connect to the fuse support. They have quite

low maximum interrupting currents. There is a third type of Class A expulsion fuse common in

some countries. It is termed an enclosed fuse cutout. It has all of the live parts enclosed in a housing

(usually made of porcelain). An enclosed fuse cutout can have a dropout design but commonly do

not. Additional types of Class A expulsion fuses include those intended for capacitor applications,

and those that surround the fuse element with a liquid.

Class B fuses (formerly termed power fuses and still commonly known this way) are designed for

circuits having a higher X/R (lower power factor) and higher transient recovery voltage (TRV, see

4.1.1) values than Class A, and the fuses normally have higher maximum interrupting currents. The

fuse unit tends to be more elaborate than that of a fuse cutout and in some cases can constitute most,

if not all, of the fuseholder. Some designs use a renewable fuse unit that, after operation, can be

restored by means of installing a refill unit (containing an element and arc-quenching material).

Unlike fuse cutouts, not all Class B expulsion fuses drop to an open position after operation. The

most common type of Class B fuses uses boric acid as part of its interruption mechanism, and so the

fuses are often termed boric acid fuses (see 4.3.2.2).
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4.1.3 Basic principles of fuse operation

The following basic principles of fuse operation are common to all types of fuse, both current-

limiting and non-current-limiting varieties.

In its passive or current-carrying mode, a fuse is expected to carry load current and permissible

cyclic or transient overloads without deterioration essentially indefinitely (with a service life often

measured in decades, see 5.1.1.7). When load current is passing through the fuse, its element

temperature rises but as heat is dissipated to its surroundings, the temperature stabilizes at some

value below that at which the element material and connections to the power system would

deteriorate. Under these conditions, the heat lost through conduction, convection, and radiation

exactly balances the heat generated by the current flowing through the fuse resistance.

In its active or fault-interrupting mode, more heat is generated in the fuse element than can be

dissipated before its melting temperature is reached. The relationship between current and melting

time is described with a time- current characteristic (TCC) curve. An example of a fuse melting TCC

curve is shown in Figure 1. For most fuses, the melting current becomes asymptotic to the time axis

at very long times, and is termed the minimum fusing current (minimum melting current in IEC).

Standards specify the time to which curves are required to be drawn, depending on the type of fuse.

Not all curves are drawn to a time that shows the minimum fusing current, and not all fuses are

capable of interrupting this current (see 4.1.2.1).

Upon melting, a current-interrupting (breaking) process occurs that is different according to

whether the fuse in question is of the current-limiting or non-current-limiting type. The interrupting

process is described for each type of fuse in the appropriate section of the guide.

After the interrupting process, fuses have to be capable of withstanding normal system voltage. To

assist with this phase of operation, some fuses drop open, providing a visual and physical gap. This

is relatively common with expulsion type fuses, but much less common with current-limiting types.
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4.1.4 Advantages of fuse protection

While fuses and other forms of protective devices (such as circuit breakers) all have their own

advantages and disadvantages for a given application, fuses do have some unique benefits:

a) Because their operation is initiated by the melting of an element, there is no theoretical limit

on how fast they can initiate the interruption process (the faster heat is generated in a fuse

element, the faster it melts). Generally, there are no moving parts that require separation

before the interrupting process can be initiated.

b) Rapid operation of fuses under short-circuit fault conditions reduces voltage dips on the

system and provides more effective protection of lines and equipment, often allowing

equipment connected to adjacent circuits to ride through the fault-clearing operation.

c) Fuses cannot be re-set when “blown,” thus the user is encouraged to identify and correct

the fault condition before re-energizing the circuit.

d) Fuses have no, or very few, moving parts that could become damaged by dust, oil, or

corrosion.

e) Fuse replacement after operation restores protection to its original operational state of

integrity after circuit interruption, unlike typical mechanical switching devices.

f) Use of fuses usually gives the most economical solution for a high degree of system

protection.

2)  Specific types of fuse are available for almost every service application.

4.1.5 Advantages of current-limiting fuses

4.1.5.1 General

In addition to the advantages detailed in 4.1.4, fuses of the current-limiting type offer additional

important advantages:

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 16:41:21 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.48-2020


http://www.avadocuments.com/doc/ieee-c37-48-2020
http://www.avadocuments.com/doc/ieee-c37-48-2020

a) Limitation of current and energy let-through into the location of the fault provides

significant protection and limits the risks of possible fire damage, explosion, or injury to

persons.

b) Very high maximum interrupting current enables such fuses to be employed on a given

system even where the system is later modified to give a higher prospective fault level.

Hence there is no need to incur capital cost in installation of new, more expensive

protection equipment.

c) Silent operation with no emission of gas, flame, or arcing products.

d) Compact size and much lower comparable cost than alternative forms of protection.

e) Ability to reduce the size of cables due to reduced short-circuit stresses.

f) By reducing the 2t (see 4.2.5.4 for an explanation of Izt) flowing due to a fault, thermal

stresses on all equipment in the fault circuit are reduced.

g)  Since the peak current is reduced, the electro-dynamic forces, resulting from the magnetic

fields surrounding the conductors of transformers and other equipment in the fault circuit,

are reduced.

h) Because a current-limiting fuse reduces both the peak current and forces the current to

zero before the natural current zero of the circuit, the fuse has a specific maximum-clearing

t, Since upstream protective devices (see 5.1.4.1) require a minimum 2t to initiate the

interrupting process, it is possible to coordinate the devices such that a failure at one point

in a system does not cause operation of an upstream device, thereby reducing the extent of

the overall outage and helping to maintain service reliability.

4.1.5.2 Transformer protection
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The most common application of high-voltage current-limiting fuses is for transformer protection.

The use of such fuses for the primary side protection of distribution transformers provides

significant advantages due to their current-limiting action. Under most short-circuit conditions, they

are able to interrupt fault currents within a few milliseconds after fault initiation. Hence, the

prospective peak of the fault current is not reached and the resulting let-through current and energy

is significantly reduced. This feature, that cannot be achieved by any other relay/switching device

combination, makes current-limiting fuses particularly suited for distribution transformer protection

since they are able to prevent or significantly reduce any major consequences of internal transformer

faults.

Figure 3 illustrates the clearing I2t versus prospective current for a non-current-limiting fuse, which

interrupts after one fully asymmetrical loop of current, and a current-limiting fuse. In principle, the

lowest current rating of current-limiting fuse that meets the coordination requirements of 5.2.2

should be chosen. This is because a smaller fuse of a given design will generally have a lower

clearing 2. In the case of a low impedance internal transformer fault that produces a current-

limiting action by the fuse, the 2t limitation significantly reduces the likelihood of a disruptive

failure, particularly with oil-filled transformers.

Experience has shown that the 2t associated with a current-limiting fuse interruption is often an

order of magnitude less than that causing a disruptive transformer failure, hence the effectiveness of

current-limiting fuses in reducing the likelihood of such serious incidents.

It should be noted that the disparity in protection ability is even greater when the non-current-

limiting device is a circuit breaker, due to the time delay introduced by the processes necessary to

achieve current interruption. These are the time needed for relay/current sensing, the time needed

for the circuit-breaker contacts to open, and the time needed for the current to be extinguished.

Therefore, in addition to the first loop I2t, shown in Figure 3, 2t from additional loops of current,

which flow until the fault is interrupted, have to be added. This has the effect of shifting the non-

current-limiting fuse curve in Figure 3 upward, typically increasing 12t by a factor of approximately

2.5 times that shown.
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Figure 3—Comparison of clearing 12t (Joule integral) versus prospective

current for current-limiting fuses and non-current-limiting fuses

Current-limiting fuses are available for the protection of distribution transformers up to

approximately 5 MVA. For larger transformers with rated currents up to several thousand amperes,

commutating current- limiting devices (see 4.4.2.1 for a description) with high rated current can be

applied. They are operated by an electronic sensing and triggering unit, which can be adapted to the

required protection function. The electronics need to be able to distinguish between the fault current

and the inrush current of the transformer.

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 16:41:21 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.48-2020


http://www.avadocuments.com/doc/ieee-c37-48-2020
http://www.avadocuments.com/doc/ieee-c37-48-2020

4.1.6 Types of high-voltage fuses

4.1.6.1 General

High-voltage fuses of one type or another are available to meet almost every application for

protection of high-voltage circuits or equipment. It may be said that such fuses usually provide the

simplest and most economical solution. There follows a listing of the most common types of fuse

and fuse-related devices that receive coverage in this guide. They are grouped under four headings:

current-limiting fuses, expulsion fuses, non- current-limiting fuses (that are not expulsion fuses), and

fuse-related devices (devices that incorporate fuses into their operation, or are mounted in fuse

supports). A brief description is added for each device and places in the guide where they are

addressed can be found in the index. It is believed that some types of device listed are obsolete

and/or either not being currently manufactured, or manufactured in very small quantities. Such

devices are followed by the word obsolete. They are covered (if somewhat briefly) in this document

because examples could still be found in service, and because they might require replacement by

more modern devices.

4.1.6.2 Current-limiting fuses

When this type of fuse melts with a current high enough to cause it to melt before the first natural

peak (the threshold current for a particular fuse), it introduces a sufficient resistance into the circuit

that the current is quickly reduced to zero. They are enclosed fuses, normally filled with guartz

sand, and the higher the fault current above the threshold current, the greater is the percentage

reduction in let-through current peak and energy. Table 2 lists the most common types covered by

this guide.
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Table 2—Common types of current-limiting fuse

Type of CL fuze Brief dezcription
L Full-range Fusss imtended to interrupt all coments that canss the fose o malt,
up o the rated maximom interrepting cumsat of the fse.
P Gunsmal-parpose Fuses imtended to interrupt all cuments from a low valss,
sl to 2 corment that canses the foee to oveltin one hour, o
o the rated masizomm intermepting coment of the fose.
3 Backup Fusss imtended to interrupt curments from thaeir rated miniemm

intermapting cusrent, up bo their mted maxioram infsTupting cument

4 Types | throngh 3 nsmg
an indicater or striker

Indicators provide indication of fiw operation; strikers operate on fase
slsment malting {or at high tsopemtams) typically cansing a pin to soxerge
from the fuse snd farmale and tip associsted switching squipment.

3 Mortor cincuttapplications
(“motor-starter foses™)

Fuses ned in circnits that supply mobors, and that are sehjecied
0 repsated starting werges higher than thedr rated cutmsat.

& Voltage tramsformar fose

Fuses nsed i the HV cncuits of voltags tramsformars
{and typically having wary low cument ratings).

T Capacibor fiss

Fuses nsed to protect capaciiors and that are
required to mvtermpt capacitive curments.

B Typas | throngh 7 for
wis indoors, outdoors,
orimmored i an

Cratdoor fses an have special dislectric mequirements compamed to indoor
fimen and also requitements fior UV protection and'cr modstore ingress. Foses

immgrsad = 3 ligeid have special sealng reqmitemants to vedd liqmid imgress.

tmynlating ligquid
& Emothermicalby-assisted A full-mnge-type five that nwed exotharmic material to
trigpared fuse {obuolata) provide mmtipls alamant breaks at low cusrents
New

4.1.6.3 Expulsion fuses

These are fuses that work through an expulsion action. After the fuse element melts, an arc is

formed, during which ionized material is expelled from a housing with the assistance of gas

generated as a result of the arc interacting with components of the fuse. This enables the “gap” so

produced to withstand circuit recovery voltage at a current zero. They do not significantly reduce

the magnitude of a fault current, only its duration, and so are also called non-current-limiting fuses.

Table 3 lists the most common types covered by this guide.

Table 3—Common types of expulsion fuse

Trpe of expulsion foze

Birief description

1 | Fuse cubont {{Class A axpulsion
fnsa) [opan catont)

A Class A expuluion fose that nses 2 replacsable foss ink in a
fnsaholdar that drops open after ivtermption. Used ontdoors

(=]

Enclowsd fuse catout

An sxpulsion fose in which live parts aré snclosed. They may or may
not b of a type that drops open after oparation. Used omtdoomns

3 | Cpen-link cutont

A cutout that doss notuse a fusebolder bat x special typs of
fnse link atached to sprizg lozdsd amms. Used cutdoors.

4 | Boric acid fose (Class
B expulsion fuss)

A Class B expulsion firss that uses. boric acid to penerate sxpalsio mrses.
May or may mot be of a typs that drops opsn. Indoor versions ars avadlahle.

3 | Ligmid-submarged expulsios fuss

Fuse immamed i a dislectnc Baquid with the
alement in contact with the lguid

€ | Loguid Exse (Hgquis-Alled fuse)

Sealed fse comtaining a dislectric liguid Used omtdoors.

Capacitor fuses

Fuses used to protect capacitom and that ans
required 1o interrupt capacitive cuITenis

& | Distibution o fiuse
cutout {obeolate)

Small pdl-filled taxk comtaining rotating switch
device that inchudes a fose nk.

New
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4.1.6.4 Non-current-limiting fuses (non-expulsion-type fuses)

Like expulsion fuses, non-current-limiting fuses produce little resistance during arcing and rely on

achieving a “gap” having dielectric conditions such that when the arc is extinguished at a natural

current zero, it is not re-established and current flow ceases. Types of non-current-limiting fuses

mentioned in this guide are listed in Table 4.

Table 4—Types of non-current-limiting fuse

Trpe of mon-curreni-limitng fuse Brief dezcriprion

I | Hom gap foss {arcing-hom fose)
5F, fase (obsolete, see 4.4.3.2)

Fruse that wses a wine betoean twe ancing horns.
Fuse mees a shost slomant betarsen tam slectrodes,
in a umall, waled snclosum with 5F, gas

Fuse mees a shost slomant betarsen tam slectrodes,
in a wmall, waled saclosum with vacemm.

[F]

3 | Vacmm fuse (ohsclets, e 4.4.3 3)

New

4.1.6.5 Fuse-related devices

These devices use fuses as part of their operation or employ fuse supports as part of their

construction. Common types referenced in this guide are listed in Table 5.

Table 5—Fuse-related devices

Type of fnze-relaced device

1 | Commutating curnest-limiting
devices with integmal fses

Brief descripton
Dwwvics incorporates low-redstance condncior, capabls of
vary quickly tramsfarring cumeat to 2 parallel corment-Lmiting
fuwe upom a sigzal vopplisd by a separate sensing devics.

(=]

Elsctromic awiomatic sectomaliring bnk (ASL) | A device, rsounbed i= 3 cutont fise mpport that can
semse it curent and drop opsn, providing ivolation
choring the “off” tinws of a reclouer or simlar devics.
Simgle-phave mubomatic cincudt reclossr mossied in & cobout
fuwe support or bass 2a defned in [EFE 5td C37.41 and
IEC 60282-2. Itis a self-controlled device for making,
carying, and asnmatically intermpting and mclosing
an altemating~current cincwit, with a predetarmined
sequance of opaming and reclosing follomred by
musatting, hold-closed, or lockont operstion. i may
aluo perfomm. drop opsn and isolation functions.

3 | Cotont msommbed rec bover

4 | Dlisconnacting cutmt A cotout fnse support fitted with a salid

blsds i place of the faseholder.

A firve sepport with an integral boad-broak devics
med with a special fse mnit or faseholdar, or a fiove
cubont fitted with a link-break meckamise

3 | Fuse sopport with load-break means

New
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4.1.7 Application of fuse types

Some applications commonly use just one type of fuse (e.g., motor circuit applications almost always

use current-limiting fuses designed for the application). However, in other applications, more than

one type of fuse is often found. This could be either as alternatives (e.g., an expulsion fuse or a

current-limiting fuse) or a combination of fuses (e.g., a fuse cutout in series with a current-limiting

backup fuse). Combination fuses are available in which a current-limiting fuse is attached to an

expulsion fuse (e.g., for capacitor applications). Particular advantages and disadvantages of different

fuse types drive the selection process. While this guide will compare and contrast different fuse

types, it is not the intention to suggest that any one fuse type is better or worse than another, but

rather that some fuse types are better suited for certain applications than others, depending on the

desired protection requirements and the budget available.

4.2 Current-limiting fuses

4.2.1 General operating principles

There are many types of current-limiting fuse, but their primary characteristic is that they are non-

vented devices which have the ability to limit the prospective current before its first peak value is

reached, if the current is sufficiently high (see 4.2.2.2). They are therefore suitable for use in

enclosures and vaults, and versions exist that can be immersed in an insulating liquid and/or are

suitable for use outdoors. Individual classes of current-limiting fuse are further distinguished by

their ability (or lack of ability) to interrupt currents less than those that cause a current-limiting

effect (see 4.2.2.3).

Unlike expulsion fuses (see 4.3.2) the basic construction and operating principles of Class A and

Class B fuses are usually similar. This is because the main operating conditions that differentiate

expulsion fuses of the two classes (X/R, TRV, and maximum interrupting current) are all of much

less importance to current-limiting fuse operation (see 4.2.2.2). The construction and operation of

current-limiting fuses are therefore much more related to the ability of a fuse to interrupt lower

currents and physical operational requirements. The information in 4.2 therefore does not

differentiate between Class A and Class B current-limiting fuses.
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4.2.2 Construction and operation of current-limiting fuses

4.2.2.1 General

In its passive or current-carrying role, the fuse is required to carry load current and permitted cyclic

or other transient overloads for an indefinite time without deterioration (see 4.2.5.7 and 5.1.1.7). In

its active or overload/fault current interrupting role, the fuse has to disconnect the circuit, either

relatively slowly, based on its pre-determined melting or clearing time-current characteristics, or

very quickly with high fault currents, absorbing perhaps many kiloJoules of resultant arc energy

within itself and limiting the energy passed into the protected faulty circuit as much as possible.

Figure 4 shows the construction of a typical backup fuse having DIN dimensions (European-style

fuse). While other types of current-limiting fuse will show differences in construction, this figure

illustrates the primary characteristics of such fuses. An insulating tube (the fuse body) of ceramic or

organic resin/glass fiber material encloses parallel fusible current-carrying fuse elements. These are

connected at each end to metal caps, normally copper or brass, which seal the body and act as the

electrical connections to the fuse. The body and caps are required to have the attributes of a pressure

vessel, capable of withstanding the combination of high pressure and very high temperature that

occurs at the instant of fuse operation. If the fuse is designed for use outdoors or under oil (or

another dielectric liquid or gas, such as synthetic or seed-based oil, or SFe). special additional sealing

is usually included to prevent ingress of moisture or fluid. For outdoor use, the manufacturer should

use a material selection or special coating to help prevent damage from weather and solar radiation

over time.
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Figure 4— Cut-away drawing of typical current-limiting fuse of the DIN

dimensioned type

The fuse elements are surrounded by granular insulating material, almost always compacted quartz

sand of high purity and closely-controlled grain size. The fuse shown, like many ratings, requires a

fuse element length greater than the body length and so the fuse elements are wound in a spiral

pattern around an inert former or core, often, from its shape, known as a star core. Other designs of

fuse require fuse elements only of similar length to the body, and so are mounted parallel to the

bodyv (notably motor circuit fuses) as with low-voltage fuses. Low current ratings often have only

one fuse element, while high current ratings will usually have many parallel fuse elements.

The fuse elements are the heart of the fuse, and are manufactured to a high degree of precision,

normally from pure silver or copper wire or strip. The length of the fuse elements is proportional to

the voltage rating of the fuse, while the total cross-section and number of parallel fuse elements

determine the current rating. The shape of the fuse elements together with their spacing and

configuration determine many of the electrical characteristics of the fuse. They have a strong

influence on the shape of the time-current characteristics, the degree of current limitation, and the

peak overvoltage during high-current operation (also termed switching voltage or peak arc voltage—

see 4.2.5.5).
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Where fitted, strikers (often used to trip an auxiliary device) or indicating devices (to show that the

fuse has operated), are wired in parallel with the fuse-element system. During fuse operation, when

the main fuse elements are melted, the current transfers into the striker circuit, before quickly

switching back to the main elements. Current IEEE standards do not address striker operation, but

there is extensive information and test requirements for strikers in IEC 60282-1. Depending on the

design, the current either ignites a small pyrotechnic charge to expel the pin (typically British

Standard type fuses or fuses that require a striker of the “heavy” type), or else melt a small latch

wire (typically DIN-type fuses) to release a coil spring that expels the striker pin. In some designs,

the latch is made thermally sensitive so that the striker is released and trips the associated

switchgear once the fuse has reached a given temperature, irrespective as to whether the fuse itself

has actually operated. In the case where an indicating device rather than a striker is used, a

relatively weak spring-loaded indicator device can operate in a similar manner to a striker, or it

could use a non-conducting filament, released by heat from the fuse arcing.

Figure 5 shows the construction of a typical full-range fuse that employs a “dual-element” method

of achieving lowcurrent operation (essentially a backup fuse in series with an expulsion fuse in the

same body). Such fuses are subject to special testing requirements to demonstrate operation when

one series element passes the interruption duty to the other. The low-current section in this type of

fuse typically uses a rubber tube containing a wire element that incorporates a low melting point

material. This type of design is discussed in 4.2.2.3.2. Two common types of end cap are shown

(tvpically used in North American practice): an external ferrule on the left, and a cap with smaller

diameter ferrule, or bolted connection, on the right. These types of cap arrangement are also used

with other types of fuse (general-purpose and backup). Caps used with spring-loaded clips are

typically silver or tin plated, at least on their contact surfaces, while fuses that are immersed in

liguid are normally unplated. When this type of fuse is used immersed in liquid, or used outdoors, it

is sealed, and special testing requirements (see 5.1.1.2.2 and 5.1.1.2.6) apply to verify the ability of

the fuse to remain sealed over the anticipated lifetime of the fuse.
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Figure 5—Partial cut-away drawing showing typical full-range current-

limiting fuse features

Fuses can be designed as simple ferrule fuses to fit into suitably-shaped contact clips, or they can be

fitted with terminal tags for bolting onto bus-bars, etc. Some, intended for outdoor use, incorporate

eve bolts for attaching cables or studs for mounting in eye-bolt terminals.

Figure 6 shows a current-limiting fuse mounted in a typical “traditional” fuse support. What is

shown is a fuse- disconnecting switch. The upper fuse-unit ferrule fits into contact clips and the

lower attached hardware fits into a hinge and contact mechanism on the fuse support. The upper

attached hardware, with an opening eye, then permits the fuse to be swung open with a switch stick.

If the hardware components were removed, and the lower fuse support contact was the same as the

upper contact, then it would be a non-disconnecting device, which is the more common

arrangement. Note that unless additional load-break components are attached, a fuse-disconnecting

switch has no load-breaking ability.
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Figure 6 —Fuse unit in typical fuse support

When a current-limiting fuse is mounted in a cutout fuse support (see 4.3.2.1.1) it is termed a cutout-

mounted current-limiting fuse. After operation it automatically drops into the open position (i.e., it is a

dropout fuse).

Figure 7 shows the cutaway drawing of a full-range current-limiting fuse mounted under liquid in a

“dry-well” canister fuseholder. In this arrangement, the fuse is surrounded by air and so fuse

replacement is possible without unsealing the tank. Designs are available that include a load-break

feature at the inner end of the fuse (usually based on separable connector technology). In addition to

unsealed canisters, designs are available that are sealed to prevent liquid leaking into the inside of

the canister from outside the tank, making them suitable for tanks that could sometimes be

immersed in water, for example in vaults subject to flooding.
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Figure 7—Fuse mounted in a canister-type fuse support

Other designs exist in which the CL fuse is intentionally surrounded by insulating liquid in a similar

manner to expulsion bayonet fuses (see 4.3.2.1.5). These are sometimes called wet-well fuse holders.

The high-voltage current-limiting fuse has two distinct modes of interrupting fault currents, which

are described in 4.2.2.2 and 4.2.2.3. For a theoretical treatment of fuse interrupting phenomenon, see

Electric Fuses by Wright and Newbery [B7].

4.2.2.2 Operation under high fault current conditions

At high fault currents (say more than 10 to 20 times load current), all elements in a fuse reach

melting temperature virtually simultaneously in only a few milliseconds or less. They break up

along their length into multiple small series arcs. Strip fuse elements usually include a pattern of

holes or notches along their length to limit the number of these separate arcs, providing control over

peak overvoltages (see also 4.2.5.5). Wire fuse elements also break up into multiple series arcs, due

to complex thermal/magnetic forces. Since, for wires, the number of arcs tends to be very high, high

peak overvoltages can result, so wire-fuse elements are normally used only for relatively low-

current ratings (see 4.2.5.5). The arcing, in effect, introduces a high resistance into the circuit and

causes the current to be driven down long before the peak of the prospective fault current is reached

(known as the cut-off effect). This is illustrated in Figure 2(a). The arcs elongate, further increasing

resistance. When the current has been driven down to a low value, the arcs are extinguished almost

simultaneously within the first loop of fault current. Because the forced current zero occurs close to

the circuit voltage zero, current-limiting fuses are much less sensitive to TRV than expulsion fuses;

see Figure 2(a).
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Since both the peak value of the fault current and its duration are greatly reduced as compared with

the operation of a non-current-limiting device, the energy released into the location of the fault or

into the circuit being protected is very greatly reduced. The rapidity with which the fuse operates

results in the appearance of a transient overvoltage in the circuit—also known as the arc voltage. This

is due to the collapse of the field associated with the circuit inductance and is more pronounced in

circuits of high X/R (low power factor). This peak overvoltage, appearing across the fuse, can be

appreciably higher than the system voltage and should be allowed for when designing equipment

clearances and creepage, and selecting lightning arresters.

The energy of the arcs within the fuse is dissipated in the formation of nodules of fulgurite from the

sand filler surrounding the fuse elements. Fulgurite is the term used by fuse engineers to denote the

mixture of sintered and fused sand grains together with globules of metal from the melted fuse

elements. The amount of fulgurite produced during fuse operation is directly related to the quantity

of arc energy absorbed by the fuse. Approximately 0.5 ¢ of fulgurite are produced per kiloJoule of

arc energy. Small increases in system voltage (above the rated voltage for the given fuse) cause a

large increase in the arc energy and hence in the quantity of fulgurite produced. The fuse envelope

has a definite upper limit to the mass of hot fulgurite it can accommodate. Thus, in general, current-

limiting fuses can only correctly interrupt short-circuit currents at system voltages not in excess of

the fuse rated voltage.
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4.2.2.3 Operation under low fault current conditions

4.2.2.3.1 Temperature considerations

In the case of low fault currents, say up to around five times the fuse rated current, the fuse elements

reach melting temperature gradually over a period of many seconds or minutes (or, for full-range

fuses, even hours). The melting temperature of silver is approximately 960 °C, that of copper,

approximately 1080 °C. If the melting time of a fuse is more than a few seconds (or for some types a

few minutes), and the fuse as a whole had to reach such a high temperature during operation,

damage to the fuse itself or its associated equipment could result. Various means are therefore

emploved to overcome this problem. Some fuse designs include a spot of low-melting-point alloy on

the fuse element, to produce an M-effect (after its discoverer Prof. Metcalf) as shown in Figure 4. If a

typical tin alloy is used for the M-effect, at about 230 °C the alloy melts and the base fuse element

material diffuses into it. This causes the fuse element to melt open at a lower temperature than its

normal melting temperature, and initiate the process of current interruption. Where M-effect is not

employed, other techniques include the incorporation of a low-melting-point section in series with a

fuse element (common in some types of full-range fuse), the formation of a hot spot on the fuse

element by creating a long narrow neck in the strip, or by enclosing part of the fuse element in

thermal insulating material. The object, again, is to produce fuse element melting without the strip

as a whole having to reach an excessively high temperature.

An alternative solution, employved where the fuse is mounted in a striker-tripped switching device,

is to use a thermal striker which is designed to operate and trip the associated switching device,

when the temperature of the fuse reaches a pre-determined value. In this particular case, it is the

switching device, and not the fuse, which performs the current interruption.
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