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Abstract: This standard applies to alternating current (ac) switchgear, designed for both indoor
and outdoor installation and for operation at service frequencies up to and including 60 Hz on
systems having voltages above 1000 V.

This standard is applied in relevant equipment standards by a normative reference to this
standard, IEEE Std C37.100.1, on a section or clause-by-clause basis. Annex A of this standard
provides recommendations for its application. The inclusion of this standard as a normative
reference shall not imply that all of the requirements contained herein apply as a default. In the
absence of a normative reference, this standard shall be considered informative only. In case of a
conflict in requirements, the requirements of the relevant equipment standard shall prevail.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

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

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

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

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

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

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

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

Official statements

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

Comments on standards

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

Comments on standards should be submitted to the following address:

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

Laws and regulations

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

Copyrights

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

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

Updating of IEEE Standards documents

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

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

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

Errata

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

Patents

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

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

This introduction is not part of IEEE Std C37.100.1-2018, IEEE Standard for Common Requirements for High-Voltage
Power Switchgear Rated Above 1000 V.

This document, with the exception of formatting and reference updates, is exactly the same as IEEE
C37.100.1-2007 having made no technical changes. There was a revised document that was heavily
harmonized with IEC; however, copyright permission was ultimately not obtained. In order to comply with
the copyright complaint and in light of the impending expiration of the active document, IEEE Std
C37.100.1-2007, the decision was made to revert back to the 2007 version of the document and only update
the formatting.

This standard was written specifically to collect into one document the requirements that are common in
many [EEE power switchgear standards. It follows the concept already in place in IEC 62271-1 [B23]. In
some cases, the requirements are equivalent to those in several existing switchgear standards; in other
cases, they represent a compromise among two or more standards that have minor (or moderate)
differences in the requirement. Still other requirements are taken from IEC 62271-1 [B23].

One distinct exception is the treatment of altitude correction factors or air density correction factors. This
standard introduces a departure from the historical approach for altitude correction factors as they apply to
applications above 1000 m. Refer to 3.3.2 and Annex B for these details.

The expected benefits of this common requirements concept is to reduce many of the minor inconsistencies
among the various switchgear standards and, where differences must remain, to have them highlighted by
exception to these common requirements.

It is the intention of the IEEE Switchgear Committee that the relevant (switchgear) standards will adopt the
provisions of this standard by normative reference. Specific clauses may be adopted as follows:

a)  Without exception (the default)

b)  With exceptions

¢)  With additional requirements or a combination of item b) and item c), as deemed appropriate to the
relevant standard

Refer to Annex A for specific recommendations for use with a relevant standard.

In an effort to promote harmonization, this standard is formatted similar to IEC 62271-1 [B23].
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IEEE Standard for Common
Requirements for High-Voltage Power
Switchgear Rated Above 1000 V

1. Overview

1.1 Scope

This standard applies to alternating current (ac) switchgear, designed for both indoor and outdoor
installation and for operation at service frequencies up to and including 60 Hz on systems having voltages
above 1000 V.

This standard is applied in relevant equipment standards by a normative reference to this standard, IEEE
Std C37.100.1, on a section or clause-by-clause basis. Annex A of this standard provides recommendations
for its application.

The inclusion of this standard as a normative reference shall not imply that all of the requirements
contained herein apply as a default. In the absence of a normative reference, this standard shall be
considered informative only. In case of a conflict in requirements, the requirements of the relevant
equipment standard shall prevail.

NOTE 1—In general, this standard applies to all high-voltage power switchgear designed to IEEE C37™ series.
Exceptions include low-voltage standards (less than 1000 V) and protective relay standards. !

NOTE 2—For the use of this standard, “high voltage” (see IEV 601-01-27)? is the rated voltage above 1 kV. However,
the term “medium voltage” (see IEV 601-01-28) is commonly used for distribution systems with voltages above 1 kV
and generally applied up to and including 52 kV.

NOTE 3—There are many common requirements found in the IEEE C37 switchgear standards. These include service
conditions, ratings, such as temperature rise limits, and test methods. This common requirements standard is provided
to promote standardization of the requirements and to simplify the maintenance of these standards.

1.2 Purpose

This document does not include a purpose statement.

'Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
the standard.

’[EV refers to the International Electrotechnical Vocabulary and may be found in IEC 60050-XXX standards [B1], [B2], [B3], [B4],
[B5]. For more information on these references, see the bibliography in Annex K.
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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.

NOTE 1—References to IEC standards are either informative or offer an alternative to an IEEE standard. The user is
cautioned that the IEEE standard and the IEC standard, while comparable, may not be equivalent. The use of an IEC

standard should be based on agreement among the user, the manufacturer, and the certifying test laboratory. Use of an
IEC standard for a design (type) test should be noted in the test report.

NOTE 2—International standards not referenced in this clause are to be considered informative and are listed in the
bibliography in Annex K.

ANSI C37.85, American National Standard for Switchgear—Alternating-Current High-Voltage Power
Vacuum Interrupters—Safety Requirements for X-Radiation Limits.?

ANSI C63.2, American National Standard for Electromagnetic Noise and Field Strength Instrumentation,
10 Hz to 40 GHz—Specifications.

ASTM D 2472, Standard Specification for Sulfur Hexafluoride.*

CISPR 11, Industrial, scientific and medical (ISM) radio-frequency equipment—Electromagnetic
disturbance characteristics—Limits and methods of measurement.’

IEC 60060-1, High-voltage test techniques—Part 1: General definitions and test requirements.°
IEC 60060-2, High-voltage test techniques—Part 2: Measuring systems.

IEC 60085, Electrical insulation—Thermal classification.

IEC 60417, Graphical symbols for use on equipment.

IEC 60529, Degrees of Protection Provided by Enclosures (IP Code).

IEC/TR 62271-300, High-voltage switchgear and controlgear—Part 300: Seismic qualification of
alternating current circuit-breakers.

IEEE Std 1™, IEEE Recommended Practice—General Principles for Temperature Limits in the Rating of
Electrical Equipment and for the Evaluation of Electrical Insulation.” ®

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

3ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor,
New York, NY 10036, USA (http://www.ansi.org/).

4ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA (http://www.astm.org/).

SCISPR documents are available from the International Electrotechnical Commission, 3, rue de Varembé, Case Postale 131, CH 1211,
Geneve 20, Switzerland/Suisse (http://www.iec.ch/). They 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.

IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue
de Varembé, CH-1211, Genéve 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.
"The IEEE standards or products referred to in this subclause are trademarks of the Institute of Electrical and Electronics Engineers,
Inc.

SIEEE 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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IEEE Std 693™, IEEE Recommended Practice for Seismic Design of Substations.

IEEE Std C37.122.5™_ [EEE Guide for Moisture Measurement and Control in SFs¢ Gas-Insulated
Equipment.

IEEE Std C37.301™, IEEE Standard for High-Voltage Switchgear (Above 1000 V) Test Techniques—
Partial Discharge Measurements.

IEEE Std 1313.2™, [EEE Guide for the Application of Insulation Coordination.

IEEE Std C37.010™, IEEE Application Guide for AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis.

IEEE Std C37.24™, IEEE Guide for Evaluating the Effect of Solar Radiation on Outdoor Metal-Enclosed
Switchgear.

IEEE Std C37.81™, IEEE Guide for Seismic Qualification for Class 1E Metal-Enclosed Power Switchgear
Assemblies.

IEEE Std C37.90.1™, IEEE Standard for Surge Withstand Capability (SWC) Tests for Relays and Relay
Systems Associated with Electric Power Apparatus.

IEEE Std C57.106™, IEEE Guide for Acceptance and Maintenance of Insulating Oil in Equipment.
NEMA 107, Methods of Measurement of Radio Influence Voltage (RIV) of High-Voltage Apparatus.’
NEMA CC 1, Electric Power Connectors for Substations.

NEMA MG 1, Motors and Generators.

3. Normal (usual) and special (unusual) service conditions

3.1 General

Unless otherwise specified, switchgear, including the operating devices and the auxiliary equipment that
form an integral part of them, are intended to be used in accordance with their rated characteristics and the
normal (usual) service conditions listed in 3.2.

If any of the actual service condition requirements differ from these normal (usual) service conditions,

switchgear and associated operating devices and auxiliary equipment shall be designed to comply with any
special conditions required by the user, or appropriate application arrangements shall be made. (See 3.3.)

NOTE—Appropriate action should also be taken to ensure proper operation of other components, such as relays.

® NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, CO 80112, USA
(http://global.ihs.conv/).
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3.2 Normal (usual) service conditions

3.2.1 Indoor switchgear
The normal (usual) service conditions for indoor switchgear are as follows:

a) The ambient air temperature does not exceed 40 °C. The minimum ambient air temperature is
—30 °C for class “minus 30 indoor.”

b) The influence of solar radiation may be neglected.

c¢) The altitude does not exceed 1000 m above sea level. (Switchgear ratings are based on sea level.
See Annex B for considerations at application above sea level.)

d) The ambient air is not significantly polluted and would be classified as having pollution level I
“light” according to Table C.1 in Annex C.

e) The conditions of humidity are as follows:

1)  The average value of the relative humidity, measured over a period of 24 h, does not exceed
95%.

2)  The average value of the relative humidity, over a period of one month, does not exceed 90%.
For these conditions, condensation may occasionally occur.

NOTE 1—Condensation can be expected where sudden temperature changes occur in periods of high
humidity.

NOTE 2—To withstand the effects of high humidity and condensation, such as breakdown of insulation
or corrosion of metallic parts, switchgear designed and tested for such conditions should be used.

NOTE 3—Condensation may be prevented by special design of the building or housing, by suitable
ventilation and heating of the station or by the use of dehumidifying equipment. Other options include
heaters with thermostats/humidistat inside the switchgear. Condensation may also be due to ground level
rainwater or for underground applications, from incoming cable raceways connected to switchgear.

f)  Vibration due to causes external to the switchgear and controlgear or earth tremors are insignificant
relative to the normal operating duties of the equipment and do not exceed the low performance
level defined in IEEE Std 693.' The manufacturer will assume that, in the absence of specific
requirements from the user, there are none. '

3.2.2 Outdoor switchgear
The normal (usual) service conditions for outdoor switchgear are as follows:
a) The ambient air temperature does not exceed 40 °C. The minimum ambient air temperature is
=30 °C for class “minus 30 outdoor.”

Rapid temperature changes should be taken into account.

b)  Solar radiation as much as 1044 W/m? (a clear day at noon). The specific latitude of location should
be considered. See IEEE Std C37.24 for details on evaluating the effects of solar radiation.

NOTE 1—Under certain conditions of solar radiation, appropriate measures, e.g., roofing, forced ventilation,
etc., may be necessary or derating may be used in order not to exceed the specified allowable temperature
rises.

¢) The altitude does not exceed 1000 m above sea level. (Switchgear ratings are based on sea level.
See Annex B for considerations at application above sea level.)

YFor information on references, see Clause 2.
""The interpretation of the term “insignificant” is the responsibility of the user or specifier of the equipment. Either the user is not
concerned with seismic events, or his or her analysis shows that the risk is “insignificant.”
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The ambient air may be polluted by dust, smoke, corrosive gas vapors, or salt. The pollution does
not exceed the pollution level [I—medium according to Table C.1 in Annex C.

The ice coating, particularly for equipment with exposed movable parts, does not exceed 1 mm.
Refer to the relevant equipment standards for specific ice ratings and requirements.

NOTE 2—Typical ice classes are 1 mm for class 1, 10 mm for class 10, and 20 mm for class 20.
The wind speed does not exceed 40 m/s (144 km/h) (90 mi/h).!?

The presence of condensation and/or precipitation should be taken into account.

NOTE 3—Characteristics of precipitation are defined in IEEE Std 4.

Vibration due to causes external to the switchgear or earth tremors are insignificant relative to the
normal operating duties of the equipment and do not exceed the low performance level defined in
IEEE Std 693. The manufacturer will assume that, in absence of specific requirements from the
user, there are none. '?

3.3 Special (unusual) service conditions for both indoor and outdoor switchgear

3.3.1 General

When switchgear may be used under conditions that are different from the normal service conditions given
in 3.2.1 and 3.2.2, the user’s requirements should refer to the standardized steps in 3.3.2 through 3.3.7.

3.3.2 Altitude

The basis of rating for switchgear is standard reference atmosphere, commonly known as sea level
conditions. Historically, switchgear has been successfully applied at altitudes up to 1000 m without the use
of an altitude correction factor.

For installations at an altitude higher than 1000 m, the required insulation withstand level of external
insulation at the service location shall be determined by multiplying the rated insulation levels at sea level
by the altitude correction factor K, in accordance with Figure 1.

3.3.3 Exposure to excessive pollution

For installation in a location with polluted ambient air, a pollution level from Table C.1 in Annex C should
be selected.

3.3.4 Temperature and humidity

For installation in a location where the ambient temperature can be outside the normal (usual) service
condition range stated in 3.2.1 and 3.2.2, the preferred ranges of minimum and maximum temperature to be
specified should be selected from one of the following:

a)
b)

—40 °C and +40 °C for cold climates (class “minus 40 outdoor” or class “minus 40 indoor™)

—50 °C and +40 °C for very cold climates (class “minus 50 outdoor™)

12Actual conversion: 40 m/s = 89.48 mi/h; 40.2 m/s = 90 mi/h.
13See Footnote 11.
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¢) —15°Cand +50 °C for hot climates
d) —5°Cand+55 °C for very hot climates

NOTE—IEC switchgear standards have preferred special (unusual) service conditions for minimum and maximum
temperature of —50 °C and +40 °C for very cold climates and —5 °C and +55 °C for very hot climates.
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H, Altitude from sea level (meters)

The altitude correction factor can be calculated with the following equation taken from 4.2.2 of IEC 60071-
2:1996 [B9]:
H
K, = em(8150)

where
H is the altitude (meters)
m is taken as fixed value in each case for simplification as follows:

m=1 for power-frequency, lightning impulse, and phase-to-phase switching impulse voltages

m=0.9 for longitudinal switching impulse voltage (i.e., across the isolation gap)

m=0.75  for phase-to-earth switching impulse voltage

Adapted with permission from the International Electrotechnical Commission.
Copyright © 2002 IEC, Geneva, Switzerland. www.iec.ch.

Figure 1—Altitude correction factor
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Humidity varies widely throughout application locations, seasons, and daily conditions. Users should be
aware that, like relative air density discussed in Annex B, extreme humidity conditions (arid or desert
environments) might affect the dielectric strength of air. Users should consult IEEE Std 4 for humidity
correction that may be appropriate in their specific application.

The use of apparatus in an ambient temperature lower than —30 °C or higher than 40 °C shall be considered
as special. Temperatures below —30 °C create a harsh environment for switchgear. Many users in colder
climates routinely experience —50 °C temperatures. The following should be considered for low ambient
temperature environments:

—  Operating times may be slower than rated times.

— Wax precipitation of insulating oil “cloud point” may occur where the oil becomes extremely
viscous, creating excessive drag.

— Humidity in air system freezes, sticking operating and blast valves.

— Liquefaction of sulfur hexafluoride (SF¢) may occur, necessitating derating of interrupting ratings
and dielectric ratings unless heaters are utilized.

—  Embrittlement of plastics, composites, and metals may lead to failure during breaker or switching
device operation.

— Hydraulic or pneumatic equipment, including fluid dampers, may be affected.
—  Special lubricants may be required to prevent sluggishness or freezing of bearings.
—  Density and pressure switches may malfunction or may be out of range.

— Heaters for the mechanism or gas may be required.

In certain regions with frequent occurrence of warm humid winds, sudden changes of temperature and/or
atmospheric pressure may occur, resulting in condensation even indoors. In tropical indoor conditions, the
average value of relative humidity measured during a period of 24 h can be as high as 98%.

3.3.5 Exposure to abnormal vibration, shock, or tilting

Standard switchgear is designed for mounting on substantially level structures free from vibration, shock,
or tilting. Where any of these abnormal conditions exists, recommendations for the particular application
should be obtained from the manufacturer.

For installations where earthquakes are likely to occur, the user should specify a severity level in
accordance with IEEE Std 693.'* For nuclear Class 1E equipment, the user should specify a level in
accordance with IEEE Std C37.81. Other unusual forms of vibration such as close proximity to mine
blasting or mobile applications should be identified. The user should specify the operational requirements,
including whether functionality must be maintained:

— Before and after the seismic event, or

— Before, during, and after the seismic event

14The severity level of earthquakes may also be determined in accordance with IEC/TR 62271-300.

8 Documents

Copyright © 2019 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 12:22:05 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.100.1-2018


http://www.avadocuments.com/doc/ieee-c37-100-1-2018
http://www.avadocuments.com/doc/ieee-c37-100-1-2018

IEEE Std C37.100.1-2018
IEEE Standard for Common Requirements for High-Voltage Power Switchgear Rated Above 1000 V

3.3.6 Other special (unusual) service conditions

3.3.6.1 Exposure to damaging fumes, vapor, steam, oil vapors, salt air, and hot and humid
climate

Equipment that may be exposed to damaging fumes, vapor, steam, oil vapors, salt air, and hot and humid
climate should be protected. One or more of the following precautions should be considered:

a) Provision may be necessary to avoid condensation on all electrical insulation and current-carrying
parts.

b) Insulation and bushings with extra creep distance may be required.

¢) In cases where particular exposure represents a hazard to insulation integrity, special maintenance
including insulator washing may be necessary.

d) Materials resistant to fungus growth may be required.

e) Installation in a positive pressure room system with appropriate filtration equipment may be
required.

f)  Installation of heaters in mechanism cabinets and indoor switchgear may be required.

3.3.6.2 Exposure to excessive dust or abrasive, magnetic, or metallic dust

Equipment that may be exposed to excessive dust or abrasive, magnetic, or metallic dust should be
protected. One or more of the following precautions, a) through c), should be considered:

a) Totally enclosed non-ventilated equipment or compartments may be necessary.

b)  Where current-carrying equipment designed for ventilated operation is enclosed in a non-ventilated
compartment, derating may be necessary.

c¢) Installation in a positive pressure room with appropriate filtration equipment may be necessary.
3.3.6.3 Exposure to explosive mixtures of dust or gases
Standard switchgear is not designed for use in explosive atmospheres. For this type of service, special
consideration should be given in conjunction with requirements of applicable regulatory bodies so that
acceptable equipment is selected.

3.3.6.4 Unusual space limitations

Unusual space limitations should be considered special.

3.3.7 Other parameters

Any other unusual or special environmental, operational, or other conditions prevailing at the location
where switchgear is to be placed in service should be identified.

NOTE—For other special environmental conditions, the user is referred to IEC 60721-1 [B15].13

'>The numbers in brackets correspond to those of the bibliography in Annex K.
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4. Definitions

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

An asterisk (*) indicates that at the time this standard was approved, there were no corresponding
definitions in the /EEE Standards Dictionary Online.

disconnector: A mechanical switching device that provides, in the open position, an isolating distance in
accordance with specified requirements. (See IEC 60050-441:1984 [B3].)

NOTE 1—A disconnector is capable of opening and closing a circuit when either negligible current is broken or made,
or when no significant change in the voltage across the terminals of each of the poles of the disconnector occurs. It is
also capable of carrying currents under normal conditions and carrying for a specified time currents under abnormal
conditions such as those of short circuit.

IP coding*: A coding system to indicate the degrees of protection provided by an enclosure against access
to hazardous parts, ingress of solid foreign objects, ingress of water, and to give additional information in
connection with such protection. (See 3.4 of [EC 60529.)

isolating distance (of a pole of a mechanical switching device)*: The clearance between the contacts, or
any conductive parts connected thereto, of a pole of a mechanical switching device in the open position
meeting the functional requirements specified for disconnectors. Clearance is the shortest path between the
conductive parts.'’

non-sustained disruptive discharge (NSDD): Disruptive discharge associated with current interruption,
that does not result in the resumption of power frequency current or, in the case of capacitive current
interruption does not result in current in the main load circuit.

vacuum interrupter*: A switching component in which high-voltage electrical contacts operate in a
highly evacuated, hermetically sealed environment.

NOTE 2—Refer to Annex H for additional information about terms used in this standard.

5. Ratings

5.1 General

The common ratings of switchgear, including their operating devices and auxiliary equipment, should be
selected from the following:

a) Rated maximum voltage (V) or (Uy)'®
b) Rated insulation level (Uy), (Us), (Up)
c¢) Rated power frequency (f;)

d) Rated continuous current (/y)

e) Rated short-time withstand current (/)

f)  Rated peak withstand current (Zp)

JEEE Standards Dictionary Online is available at: IEEE Xplore.

This definition is a combination of three definitions taken from IEC 60050-441:1984 [B3]. See Annex J.

8A listing of symbols for numerical variables or parameters used in this standard is given in Annex H. In some cases, the IEEE
symbol and the IEC symbol are not the same. In such cases, the IEEE symbol is listed first followed by the IEC symbol.
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g) Rated duration of short circuit (#)
h)  Rated supply voltage of closing and opening devices and of auxiliary circuits (U,)
1) Rated supply frequency of closing and opening devices and of auxiliary circuits

j)  Rated pressure of compressed gas supply for insulation or operation

NOTE—Other rated characteristics may be necessary and should be specified in the relevant equipment standards.

5.2 Rated maximum voltage (V) or (U\)

5.2.1 General

The rated maximum voltage indicates the upper limit of the highest voltage of systems for which the
switchgear is intended. The preferred values of rated maximum voltage are given in 5.2.2 and 5.2.3.

5.2.2 Range | for rated maximum voltages of 245 kV and below

Series A (based on the current practice in North America and some other countries):

476 kV, 825 kV, 15kV, 155kV, 25.8kV, 27 kV, 38 kV, 48.3 kV, 72.5kV, 123 kV,
145 kV, 170 kV, and 245 kV
Series B:

3.6 kv, 7.2 kV, 12 kV, 17.5 kV, 24 kV, 36 kV, 52 kV, 72.5 kV, 100 kV, 123 kV,
145 kV, 170 kV, and 245 kV

NOTE 1—The series A voltages are applicable to North America and some other countries. The series B voltages are
generally used outside North America. The series B voltages are the same as those identified as series I in [EC 62271-1
[B23]. Voltages from both series are considered preferred in this standard.

NOTE 2—Refer to Annex I for proposed values of rated maximum voltages for future design.

5.2.3 Range Il for rated maximum voltages above 245 kV

300 kV, 362 kV, 420 kV, 550 kV, and 800 kV

5.3 Rated insulation level, Uy, Us, U,

The rated insulation level of switchgear shall be selected from the values given in Table la, Table 1b,
Table 2a, and Table 2b.

In these tables, the withstand voltage applies at the standardized reference atmosphere [temperature
(20 °C), pressure (101.3 kPa), and humidity (11 g/m*)]"° specified in IEEE Std 4. Insulation withstand
capability is affected by altitude. For special service conditions, see 3.3 and Annex B.

NOTE—For further information on insulation coordination, refer to IEEE Std 1313.1 [B25], IEEE Std 1313.2, or to
IEC 60071-1 [B8] and IEC 60071-2 [B9].

"The standard reference atmosphere in English units is: temperature (68 °F), pressure (29.914 in of Hg), and humidity (0.011 oz/ft®).
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The rated values for lightning impulse withstand voltage (U,), switching impulse withstand voltage (Us)
(when applicable), and power frequency withstand voltage (Uj) shall be selected without crossing the
horizontal marked lines in Table la, Table 1b, Table 2a, and Table 2b. The rated insulation level is
specified by the rated lightning impulse withstand voltage phase to ground.

For most of the rated voltages, several rated insulation levels exist to allow for application of different
performance criteria or overvoltage patterns. The choice should be made considering the degree of
exposure to fast-front and slow-front overvoltages, the type of neutral grounding of the system, and the
type of overvoltage limiting devices. (See IEEE Std 1313.2.%20)

The “common values” as used in Table la and Table 1b apply to phase-to-ground, between phases, and
across the open switching device, if not otherwise specified in this standard. The withstand voltage values
“across the isolating distance” are valid only for switching devices where the clearance between open
contacts is designed to meet the functional requirements specified for disconnectors. For withdrawable
devices, the isolating distance may be determined when the device is in the “disconnected” position. The
term “common value” is used to make a distinction between the normal rating, where there is no intention
to meet the added safety requirements for disconnectors, and the increased rating “across the isolating
distance,” where the intention is to meet the added safety requirements for disconnectors. In the first case,
the “common value” applies across the open switching device, i.e., the interrupting device. In the second
case, the withstand value “across the isolating distance” may apply across the interrupting device or across
an auxiliary disconnecting means, such as an auxiliary disconnecting switch or a withdrawable device.

2Gee also: IEC 60071-2 [BI].

- Documents
Copyright © 2019 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 12:22:05 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.100.1-2018


http://www.avadocuments.com/doc/ieee-c37-100-1-2018
http://www.avadocuments.com/doc/ieee-c37-100-1-2018

IEEE Std C37.100.1-2018
IEEE Standard for Common Requirements for High-Voltage Power Switchgear Rated Above 1000 V

Table 1a—Rated insulation levels for rated maximum voltages of range I, series A?

Rated power frequency withstand voltage | Rated lightning impulse withstand voltage
Rated maximum Ua P
voltage kV (rms value) kV (peak value)
nw) Across
KV Common valuef is'olating Common .ACI‘O.SS 2 s
1 distance* valuef isolating chopped wave®
(rms value) distance® PP
Dry 1 min Wet10s 8 Dry 1 min
Col. 1 Col. 2 Col. 2a Col. 3 Col. 4 Col. 5 Col. 6
4.764 19 — 21 60 66 —
8.25d 36 — 40 —
95 105
8.25¢ 38 30 42 —
154 36 30 40 95 105 —
15.5¢ 50 45 55
110 121 142
15.5¢ 50 45 55
125 138 —
25.8¢ 60 50 66
150 165 194
27.0¢ 60 50 66 125 138 —
27.0° 70 60 77 150 165 —
38 70 60 77 150 165 —
80 75 88 200 220 258
38¢ 95 80 105 200 220 —
48.34 105 95 — 250 — 322
48.3¢ 120 100 132 250 275 —
72.54 160 140 — 350 — 452
72.5¢ 175 145 193 350 385 —
1234 260 230 — 550 — 710
123¢ 280 230 308 550 605 —
1454 310 275 — 650 — 838
145¢ 335 275 369 650 715 —
1704 365 315 — 750 — 968
170¢ 385 315 424 750 825 —
2454 425 350 — 900 — 1160
245¢ 465 385 512 900 990 —

2 For rated maximum voltages higher than 72.5 kV up to and including 245 kV, the values in Table 1b are also applicable.
b The 2 us chopped wave test requirement only applies to outdoor breakers.

¢ Isolation of indoor circuits is normally achieved by withdrawing the removable switching device. Refer to relevant equipment
standards for testing methods and requirements where this method of isolation is applicable.

4 These ratings are generally applicable to switchgear equipment that is not used for isolation, e.g., high-voltage circuit breakers
and reclosers and may not include requirements across the isolation gap. Refer to relevant equipment standards for requirements
across the isolation gap.

¢ These ratings are generally applicable to switchgear equipment that is used for circuit isolation, e.g., high-voltage switches. Refer
to relevant equipment standards.

f Common values are discussed in 5.3.

€ Power-frequency withstand tests under wet conditions are only required for outdoor switchgear.
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Table 1b—Rated insulation levels for rated maximum voltages of range |, series B
(generally used outside of North America)

Rated short-duration power-frequency Rated lightning impulse
Rated voltage withstand voltage withstand voltage
VUr) Ua Up
KV kV (rms value) kV (peak value)
(rms value) Common value Across isolating Common value Across isolating
(See Note 2) distance (See Note 2) distance
Col. 1 Col. 2 Col. 3 Col. 4 Col. 5
20 23
3.6 10 12
40 46
40 46
7.2 20 23
60 70
60 70
12 28 32
75 85
75 85
17.5 38 45
95 110
95 110
24 50 60
125 145
145 165
36 70 80
170 195
52 95 110 250 290
72.5 140 160 325 375
150 175 380 440
100
185 210 450 520
123 185 210 450 520
230 265 550 630
145 230 265 550 630
275 315 650 750
275 315 650 750
170
325 375 750 860
360 415 850 950
245 395 460 950 1050
460 530 1050 1200
NOTE 1—The term “short-duration power frequency withstand voltage” comes from the insulation
coordination standard, IEEE Std 1313.1 [B25]. In 3.33 of IEEE Std 1313.1 [B25], the term “standard power-
frequency short-duration voltage shape” is defined as a sinusoidal voltage with frequency between 48 Hz and
62 Hz and duration of 60 s. A similar definition appears in item a) of 3.18 of IEC 60071-1 [B&].
NOTE 2—Common values are discussed in 5.3.

Reprinted with permission from the International Electrotechnical Commission.
Copyright © 2007 IEC, Geneva, Switzerland. www.iec.ch
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5.4 Rated power frequency (f;)

The preferred values of the rated power frequency are 50 Hz and 60 Hz.

5.5 Rated continuous (normal) current and temperature rise

5.5.1 Rated continuous (normal) current (/)

The rated continuous current of switchgear is the rms value of the current that switchgear shall be able to
carry continuously under specified conditions of use and behavior.

The values of rated continuous currents for new design should be selected from the R10 series.?! The R10
series comprises the numbers: 1, 1.25, 1.6, 2, 2.5, 3.15, 4, 5, 6.3, 8, and their products by 10”. The historic
values of 600 A, 1200 A, 3000 A, and 6000 A are also considered as preferred values.

NOTE—Rated currents for temporary or for intermittent duty are subject to agreement between manufacturer and user.

5.5.2 Temperature rise

The temperature rise of any part of switchgear shall not exceed the temperature rise limits specified in
Table 3 under the conditions specified in the test clauses.

Equipment may be assigned an overload capability for higher than rated normal current for a temporary
period provided the temperature does not exceed the maximum value temperature specified in Table 3.

Equipment may be assigned an overload capability for higher than rated normal currents based on a lower
ambient temperature provided the temperature does not exceed the maximum value temperature specified
in Table 3.

Refer to IEEE Std C37.010 for application information on overloads.

NOTE—In the case of a switch, the overload capability may exceed its breaking capability.

2I'The R10 series of numbers is described in IEC 60059 [B6]. Each number in the series is approximately 125% greater than the
preceding number.
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Table 3—Limits of temperature and temperature rise for various parts, materials,

and dielectrics of high-voltage switchgear

Maximum value
Temperature rise
Nature of the part, of the material and of the dielectric at ambient air
(see points and notes below) Temperature temperature not
°0) exceeding 40 °C
X)
(See Note 3)
Contacts (see point 4)
Bare-copper or bare-copper alloy
— In air 75 35
— In SF6 (sulfur hexafluoride (see point 5) 105 65
—Inoil 80 40
Silver-coated or nickel-coated (see point 6)
— In air 105 65
— In SF6 (see point 5) 105 65
— _Inoil 90 50
Tin-coated (see point 6)
— In air 90 50
— In SF6 (see point 5) 90 50
— TInoil 90 50
Connection, bolted or the equivalent (see point 4)
Bare-copper, bare-copper alloy or bare-aluminum alloy
— In air 90 50
— In SFé6 (see point 5) 115 75
— Tnoil 100 60
Silver-coated or nickel-coated
— In air 115 75
— In SFé6 (see point 5) 115 75
— Tnoil 100 60
Tin-coated
— Inair 105 65
— In SF6 (see point 5) 105 65
— Tnoil 100 60
g;tzgle;if}?lgiic:rs r(r)lra ;:eorlil;zctlons made of bare metals or (See point 7) (See point 7)
Terminals for the connection to external conductors by
screws or bolts (see points 8 and 14) (See point 14) (See point 14)
— Bare 90 50
— Silver, nickel, or tin-coated 105 65
— Other coatings (See point 7) (See point 7)
Oil for oil switching devices (see points 9 and 10) 90 50
Metal parts acting as springs (See point 11) (See point 11)
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Maximum value

Temperature rise

Nature of the part, of the material and of the dielectric at ambient air
(see points and notes below) Temperature temperature not
€O exceeding 40 °C
)
(See Note 3)

7 Materials used as insulation and metal parts in contact
with insulation of the following classes
(see point 12)

—Y 90 50

—A 105 65

—E 120 80

—B 130 90

—F 155 115

— Enamel: oil base 100 60

synthetic 120 80

—H 180 140

— C other insulating material (See point 13) (See point 13)
8 Any part of metal or of insulating material in contact

with oil, except contacts 100 60
9 Accessible parts (See Note 4)

— Expected to be touched in normal operation 50

— Which need not be touched in normal operation 70

NOTE 1—The points referred to in this table are those of 5.5.3.

NOTE 2—Refer to Annex J for a discussion of this table with respect to the comparable table in
1IEC 62271-1:2007 [B23] and to the requirements of several relevant equipment standards.

NOTE 3—The symbol “K” for the kelvin is used in this standard to refer to a temperature increment. As a
temperature increment (e.g., temperature rise), the degree kelvin is equal to the degree Celsius, 1 K= 1 °C
= 1.8 °F; as temperature on a scale, 273.15 K = 0 °C = 32 °F and 0 K is absolute zero. The kelvin is
written as “K” without the “°” degree symbol.

NOTE 4—The maximum value temperatures for group 9 are lower than those given in the comparable
table in IEC 62271-1 [B23]. See Annex J.

Adapted with permission from the International Electrotechnical Commission.
Copyright © 2007 IEC, Geneva, Switzerland. www.iec.ch.

5.5.3 Particular points of Table 3

The following points are referred to in Table 3 and shall be considered as part of the table:

— Point 1: According to its function, the same part may belong to several categories as listed in Table
3. In this case, the permissible maximum values of temperature and temperature rise to be
considered are the lowest among the relevant categories.

— Point 2: For vacuum switching devices, the values of temperature and temperature rise limits are
not applicable for parts in vacuum. The remaining parts shall not exceed the values of temperature
and temperature rise given in Table 3.
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