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Abstract: A procedure for testing and evaluating the performance of metal-enclosed switchgear 
for internal arcing faults is covered. A method of identifying the capabilities of this equipment is 
given. Service conditions, installation, and application of equipment are also discussed. 
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Introduction

This introduction is not part of IEEE Std C37.20.7-2007, IEEE Guide for Testing Metal-Enclosed Switchgear Rated Up 
to 38 kV for Internal Arcing Faults. 

The standards and guides in the IEEE C37TM series have been developed over a period of many years 
through the cooperative efforts of users, specifiers, manufacturers, and other interested parties. This edition 
of IEEE Std C37.20.7 includes a detailed application guide and improvements in the testing procedure. The 
development of this guide rests heavily on Annex AA of IEC 298-1981a1and Amendment 1: 1994. This 
revision is harmonized with the IEC and incorporates many of the refinements made to the original  
IEC 298, as contained in the current IEC 62271-200 edition.  

This revision reflects lessons learned from use of the previous 2001 version. This revision also extends the 
scope to include testing of low-voltage metal-enclosed power circuit breaker switchgear. 

In the 1970s, principally in Europe, interest in evaluating electrical equipment under conditions of internal 
arcing emerged. As a result, a draft Annex AA to IEC 298 “A.C. Metal-Enclosed Switchgear and 
Controlgear for Rated Voltages Above 1kV and Up to and Including 52kV” was issued by the IEC in 1981 
and revised in 1990. It was redesignated IEC 62271-200 and revised in 2003. 

Subsequent to the creation of IEC 298, IEC subcommittee 17D issued Technical Report IEC/TR 1641 in 
1996 (now redesignated as IEC/TR 61641) entitled “Enclosed Low-Voltage Switchgear and Controlgear 
Assemblies—Guide for Testing Under Conditions of Arcing Due to Internal Fault.” 

Knowledge of the arc resistance testing guide in IEC 298 spread to North America, and it was used as the 
basis for EEMAC G14-1, 1987, “Procedure for Testing the Resistance of Metal Clad Switchgear Under 
Conditions of Arcing Due to an Internal Fault.” EEMAC G14-1 incorporated improvements in knowledge 
and understanding in over a decade of use of Annex AA of IEC 298 in Europe.  

Failure within a switchgear assembly, whether from a defect, an unusual service condition, lack of 
maintenance, or misoperation, may initiate an internal arc. There is little likelihood of an internal arc in 
equipment meeting the requirements of IEEE Std C37.20.1TM-2002,b ,2 IEEE Std C37.20.2TM-1999, or  
IEEE Std C37.20.3TM-2001. There is even less likelihood of an internal arc in equipment that has insulated 
bus, compartmentalization, barriers, and interlocks, such as those described in IEEE Std C37.20.2-1999; 
however, the possibility cannot be disregarded completely. The intent of this guide is to address the testing 
procedure for internal arcing faults in metal-enclosed switchgear. 

Even when arc-resistant construction is specified, it is strongly recommended that supplemental power 
system protection be provided. This supplemental protection should limit the total energy that can be 
delivered in the event of internal arcing faults. This protection can be provided in a variety of ways, 
depending on the nature of the system. Among the forms of protection that may be appropriate are current-
limiting fuses, current-limiting circuit breakers, zone differential or bus differential relaying, ground 
differential protection, or arc-sensing systems sensitive to light or pressure effects that accompany internal 
arcing faults. The objective of such protection must be to cause the interruption of all sources of power to 
the arcing fault in a time interval that is shorter than the rated arcing duration capability demonstrated by 
the tests contained within this document (refer to 4.3).

a IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue 
de Varembé, CH-1211, Genève 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States
from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
b IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, 
USA (http://standards/ieee.org/). 
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In addition to supplemental power system protection, adequate personal protective equipment is required, 
as all hazards associated with an internal arcing fault are not eliminated when equipment tested to this 
guide is used. 

Notice to users 

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http:// 
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for 
errata periodically. 

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/ 
index.html.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken with respect to the existence 
or validity of any patent rights in connection therewith. 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 are reasonable or non-
discriminatory. Further information may be obtained from the IEEE Standards Association. 
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IEEE Guide for Testing 
Medium-Voltage Metal-Enclosed
Switchgear Rated Up to 38 kV for Internal 
Arcing Faults
1. Overview

1.1 Scope

This guide establishes methods by which metal-enclosed switchgear, as defined by IEEE Std C37.20.1TM- 2002,1

IEEE Std C37.20.2TM-1999, and IEEE Std C37.20.3TM-2001, may be tested for resistance to the effects of 
arcing due to an internal fault. This guide applies only to equipment utilizing air as the primary insulating 
medium and rated up to 38 kV ac. It applies to both indoor and outdoor equipment; however, special consideration 
must be given to the building size and construction for indoor applications (not addressed by this document). 

The tests and assessments described in this guide are only applicable to arcing faults occurring entirely in air 
within the enclosure when all doors and covers are properly secured. This guide does not apply to arcing faults that 
occur within components of the switchgear assembly, such as instrument transformers, sealed interrupting devices, 
fuses, and so on. 

Switchgear designs that meet the requirements of this guide will be referred to as arc-resistant, metal- enclosed 
low-voltage ac power circuit breaker switchgear, arc-resistant metal-enclosed interrupter switchgear, or arc-
resistant metal-clad switchgear as applicable, or generally, as arc-resistant switchgear. 

1.2 Background

1.2.1 Consequences of internal arc faults

Metal-enclosed switchgear is designed to withstand the worst-case mechanical forces between conductors, which
occur when a short circuit occurs directly on the load terminals of the switchgear. This condition is referred to as a
“bolted fault” in IEEE Std C37.100TM-1992. The ability of metal-enclosed switchgear to withstand the effects of the 
bolted fault is demonstrated in the Short-Time Withstand Current Tests and in the Momentary Withstand Current
Tests in IEEE Std C37.20.2-1999 and IEEE Std C37.20.3-2001 or the

1 Information on references can be found in Clause 2.

Short-Circuit Current Withstand Tests and Short-Time Current Withstand Tests in IEEE Std C37.20.1-2002. 
When a bolted fault occurs, the voltage at the fault is essentially zero, and the fault energy is dissipated throughout 
the entire system from the source to the fault location.

The occurrence of arcing inside switchgear produces a variety of physical phenomena that are very different from 
the bolted fault. For example, the arc energy that results from an arc developed in air at atmospheric pressure will 
cause a sudden pressure increase inside the enclosure and localized overheating. As a result, both severe 
mechanical and thermal stresses occur on the equipment. Moreover, the materials involved in or exposed to the arc 
may produce hot decomposition products, either gaseous or particulate, which may be discharged to the outside of 
the enclosure. 
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The procedures outlined in this guide make it possible to evaluate the effect of abnormal internal pressure acting 
on properly latched or secured covers, doors, inspection windows, and so on. The procedures also take into 
consideration the thermal effects of the arc on the enclosure and of ejected hot gases and glowing particles. 

1.2.2 Equipment qualified to this guide

The use of equipment qualified to this guide is intended to provide an additional degree of protection to the 
personnel performing normal operating duties in close proximity to the equipment while the equipment is operating 
under normal conditions. To apply an arc-resistant rating, the equipment shall fulfill the criteria in 6.1 of this
guide in any state that exists during the equipment’s normal operations [refer to item e) of 5.1.1 and item e) of
5.1.5]. For the purpose of this guide, normal operating duties include operations such as opening or closing
switching devices, connecting and disconnecting withdrawable parts, reading of measuring instruments and
monitoring equipment, and so on. Therefore, if performing any normal operation requires that any cover be
removed and/or any door be opened, the test described in Clause 5 shall be carried out with the cover and/or 
door removed. Removing or replacing active primary components (e.g., fuses or any other removable primary
component) and activities required to carry out maintenance works are not considered to be normal operations.

Such equipment cannot ensure total personnel protection under all circumstances that may exist at the time of an 
internal arcing fault. Furthermore, it is not intended to provide this additional degree of protection to operating 
personnel who in the normal performance of their duties would be required to alter the equipment from its normal 
operating condition. The areas where an additional degree of protection is provided for each accessibility type 
are defined in 4.1. These do not include Access areas above or below the switchgear are not included. Examples 
of personnel activities or installation conditions not covered by this guide include, but are not limited to: 

a)  Personnel on top of the switchgear for maintenance or cleaning 

b) Personnel working Any activity requiring personnel to be elevated above the base level of the switchgear, 
i.e., use of a ladder, lift, or on a catwalk 

c)  Switchgear installed on an open grating 

d) Installations over a cable vault large enough for personnel to enter the vault

Equipment qualified to this guide does not ensure total protection to persons in the general vicinity of the 
equipment in the event of an internal arcing fault. The user is advised to review the information in the application
guide found in Annex B and to follow the equipment manufacturer’s installation instructions to assure proper
equipment performance.

The selection of equipment qualified to this guide does not imply protection from equipment damage or ensure 
continued operation without disruption to electrical service. It is expected that switchgear involved in an internal 
arcing fault will require rework or replacement before being returned to service. 

The equipment qualified by this guide is tested as a grounded system to produce the maximum fault conditions and 
may be applied on both solidly grounded, resistance or reactance grounded, and ungrounded systems. 

1.2.3 Application of this guide

This guide is intended to assist in the selection of applicable test points and test procedures to analyze equipment 
under the stress of an internal arcing fault. It is not intended to provide design and application information for 
the manufacture or use of arc-resistant switchgear. 
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This guide is applicable to ac equipment only and does not address arcing in the dc equipment described in
IEEE Std C37.20.1-2002.

This guide does not cover all effects that may constitute a risk such as the release of toxic materials and excessive
sound pressure, nor does it consider the effects on building construction (see Annex B). 

The user should take into consideration the possibility of the emission of significant arc gases from the equipment
in the event of an internal fault. Adequate provisions for dealing with these byproducts must be considered.

As indicated in 1.1, this guide addresses arc faults that occur entirely in air within the enclosure, and it does not 
address abnormal arcing within components. This restriction is imposed by considerations of testing and 
practicality. Such component failures, especially liquid-filled components, are excluded because of the difficulty in 
designing tests that could be performed consistently. This restriction should not reduce the usefulness of results of 
tests conducted in accordance with this guide for evaluating the performance of metal-enclosed switchgear, but it 
must be recognized that failure of components may cause failure of the assembly to meet the assessment criteria of 
6.1. 

1.2.4 Relevance of tests

The arcing fault tests described in this guide are intended to assist in assessing the ability of the equipment to 
withstand the effects of an internal arcing fault. It should be realized that it is not possible to simulate all conditions 
that can produce internal arcing faults in service and that the arc does not always behave in a repeatable manner. It 
follows that an assembly proven by such tests cannot be guaranteed to withstand all internal arcing faults that may 
occur in service. 

The validity of the results of a test carried out in a functional unit of a particular metal-enclosed design of 
switchgear can be extended to another one provided that the original test was more onerous and the latter can be 
considered as similar to the tested one in the following aspects:

a) Dimensions
b) Structure and strength of the enclosure

c) Partition architecture (see 3.9 for a definition)

d) Performance of the pressure relief device, if any e) Insulation

system

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.
This guide shall be used in conjunction with the following publications. If the following publications are
superseded by an approved revision, the revision shall apply.

IEEE Std C37.20.1-2002, IEEE Standard for Metal-Enclosed Low-Voltage Power Circuit Breaker Switchgear.2,3

IEEE Std C37.20.2-1999, IEEE Standard for Metal-Clad Switchgear. 

IEEE Std C37.20.3-2001, IEEE Standard for Metal-Enclosed Interrupter Switchgear.  

IEEE Std C37.100-1992 (Reaff 2001), IEEE Standard Definitions for Power  Switchgear. 
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3. Definitions

For the purposes of this document, the following terms and definitions apply. The Authoritative Dictionary of 
IEEE Standards Terms, Seventh Edition [B3]4 should be referenced for terms not defined in this clause. 

If a term is not defined in this guide, the definition found in IEEE Std C37.100-1992 applies. An asterisk  
(*) after a definition indicates that the definition in this guide is not contained in IEEE Std C37.100-1992, whereas 
a dagger (†) indicates that the definition differs from that in IEEE Std C37.100-1992. 

3.1 arc-resistant switchgear: Equipment designed to withstand the effects of an internal arcing fault as indicated 
by successfully meeting the test requirements of IEEE Std C37.20.7-2007.*

3.1 General

The definitions of terms contained in this guide, or in other guides or standards referred to in this
guide, are not intended to embrace all legitimate meanings of the terms. They are applicable only to the
subject matter treated in this guide. IEEE 100,

3.2 compartment: Portion of a vertical section that encloses a specific component or function separated by metal 
barriers.*

3.3 components: Any medium voltage device connected to the primary circuit and intended for use within the 
confines of the switchgear enclosure. Examples include the main interrupting or switching device, voltage 
transformers, and control power transformers.† 

3.4 functional unit: Part of metal-enclosed switchgear that comprises all components of the primary and control 
circuits that contribute to the fulfillment of a single function.*

NOTE—Functional units may be distinguished according to the function for which they are intended, for example, incoming
unit or feeder unit.5

3. 5 internal arcing fault: An unintentional discharge of electrical energy in air within the confines of a 
switchgear enclosure.* 

3. 6 internal arcing short-circuit current: The maximum value of the root mean square (rms) symmetrical 
prospective current applied to the equipment under conditions of an arcing fault for the rated arcing duration 
specified by the manufacturer. 

2 IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, USA 
(http://standards/ieee.org/).
3 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
4 The numbers in brackets correspond to those in the bibliography in Annex C. 
5 Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the guide.

3.7  insulation, solid: An applied insulation that is homogeneous and essentially free of voids, conformal to the 
shape of the bus, and bonded to the bus in such a way that removal requires destroying the insulation. Typical 
examples of such insulations are epoxies or polymers applied by fluidized bed and liquid dip processes. 
Specifically excluded from this definition are tape, shrink tubing, and all types of boots and slip- on insulation. 

3.8 isolated compartment: A compartment that is physically sealed from the effects of an internal arcing fault in 
adjacent compartments.*
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