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Abstract: Metal-oxide surge arresters (MOSAs) designed to repeatedly limit the voltage surges
on 48 Hz to 62 Hz power circuits (>1000 V) by passing surge discharge current and automatically
limiting the flow of system power current are addressed in this standard. This standard applies to
devices for separate mounting and to devices supplied integrally with other equipment. The tests
demonstrate that an arrester is able to survive the rigors of reasonable environmental conditions
and system phenomena while protecting equipment and/or the system from damaging overvoltages
caused by lightning, switching, and other undesirable surges.

Keywords: charge transfer, discharge current, discharge voltage, IEEE C62.11™, lightning
protection, maximum continuous operating voltage, MCOV, metal-oxide disk, metal-oxide surge
arrester, MOSA, single-impulse charge transfer rating, surge arrester, thermal charge transfer
rating, thermal energy withstand rating, TOV
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THIS IS A REDLINE DOCUMENT PRODUCED BY
TECHSTREET, A BUSINESS OF CLARIVATE ANALYTICS
I

This document is intended to provide users with an indication of changes from
one edition to the next. It includes a full-text version of the new document, plus
an indication of changes from the previous version.

Redlines are designed to save time and improve efficiencies by using the latest
software technology to find and highlight document changes. More professionals
are using valuable new technologies like redlines, to help improve outcomes in a
fast paced global business world.

Because it may not be technically possible to capture all changes accurately, it is
recommended that users consult previous editions as appropriate. In all cases,
only the current base version of this publication is to be considered the official
document.
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1. Red-Fext - Red strikethrough text denotes deletions.

2. Blue Text - Blue underlined text denotes modifications and additions.
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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 https://standards.ieee.org/ipr/disclaimers.html.

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

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

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

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

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

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

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

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE 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 [EEE. 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 US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

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

Updating of IEEE Standards documents

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

Every IEEE standard is subjected to review at least every 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 at https://iceexplore.icee.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 IEEE standards can be accessed via https://standards.ieee.org/standard/index.html. 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: https://
ieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically check for errata.

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 https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

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

This introduction is not part of IEEE Std C62.11-2020, IEEE Standard for Metal-Oxide Surge Arresters for AC Power
Circuits (>1 kV).

Metal-oxide surge arresters (MOSAs) described in this standard represent the predominant surge arrester
technology applied on ac power systems above 1 kV. This standard presents minimum criteria for the testing
of such surge arresters. Matters of application of this type of surge arrester are covered in IEEE Std C62.22™.!
For testing and application of surge protective devices for use in low-voltage circuits (1 kV and below), other
standards in the IEEE C62 series are available.

This edition contains the following significant changes from IEEE Std C62.11™-2012:

Clause 2 Added Reference to CIGRE TB 696

Clause 2 Added Reference to IEC 60071-2

Clause 3 Modified definition to indicate it is an obsolete term.

Duty-cycle Voltage

Clause 3 Modified the definition of single impulse withstand rating

Single Impulse Charge to reflect charge transfer withstand and term O,

transfer rating

Clause 3 Added thermal charge transfer rating definition Q,,

Thermal Charge

Transfer Rating

Clause 3 Added thermal energy withstand rating definition and term 17,

Thermal Energy

Withstand Rating

4.1.2¢) Change usual service conditions to 1000 m (3281 ft) from 1800 m.

4.2.1¢) Changed unusual service conditions to altitude exceeding 1000 m (3281 ft).
Removed any specific ranges above 1000 m.

Clause 5 Modified Table 1 to reflect the trend toward elimination of duty-cycle voltage rating
that is being replaced with MCOV as the relevant voltage rating of an arrester.

Clause 6 Agreed to leave as is until all changes are made in the

Table 2 standard and then make the table right.

Clause 6 Created Arrester Classification Table 3, Table 4, and Table 5 that replaces

Table 3, Table 4, Table 5 Table 6, Table 7, Table 12, and Table 13 of the 2012 edition. Also removed
reference to system voltage and converted to MCOV levels instead.

7.2.2.33 Modified the type of voltage that can be used to heat the metal-
oxide disks from only ac to include ac and dc.

8.1.2.1a)l),a)2) Modified test parameters for distribution arresters to align with IEC 60099-4
Added option to waive test with sufficient strike distance.

8.1.2.1b) Modified test parameters for distribution arresters to align
with IEC 60099-4 and add option to waive test.

8.1.2.3 Modified Deadfront arrester test level table. Eliminated dc
test and brought it in line with IEEE Std 386™.

"Information on references can be found in Clause 2.
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8.1.2.4 Modified test parameters and test methods for insulation withstand voltages for
arrester housings.

Changed parameters for arresters with MCOV < 140 kV

Changed test method to switching impulse from power frequency tests for arrester
with MCOV > 140 kV and <460 kV.

For arresters applied to systems above 800 kV the test voltage will be negotiated
between supplier and customer.

Made provision for no test if the strike distance of the arrester is above a specific
level. (Adopted a less conservative level than IEC in anticipation of the future
change to the IEEE formula.)

Added reference to IEEE Std 4™ and requirement for 15 impulses.

8.2.2.1 Deleted old Table 6 and rolled it into Summary Table 4.
8.2.2.2 Deleted old Table 7 and rolled it into Summary Table 4.
8.4.2.1.1 Modified Table 8 to reflect MCOV instead of rated voltage, and
deleted less than 3 kV row since there are no ratings below that.
8.8.2.3 Replaced new paragraph e) that was dropped by mistake and added clearer test
sequence. Also removed the requirement to inspect the internal components.
Previous Subclause 8.11 Eliminated Subclause 8.11 Partial Discharge Test
as a design test since it is a routine test.
Previous Subclause 8.12 Eliminated the high-current short-duration test as a stand-alone
test and folded it into the new Operating Duty Test.
Previous Subclause 8.13 Eliminated the low-current long-duration test for distribution
arresters since they are now included in the Q,, test.
Previous Subclause 8.14, The switching impulse energy rating test was modified by eliminating the
new Subclause 8.11 preconditioning surges at lower currents, since it has been demonstrated in technical

studies that low current surges such as these do not age MOSA type arresters.

AV, testis included at the start of the test to verify the MCOV rating of the sample.
The 10 s TOV at the start of the thermal recovery portion of the test

was modified to 1.25 x MCOV to reflect the goal of eliminating

duty cycle voltage as a test parameter in this standard. A graphic test

procedure summary was added for clarity of the test procedure.

Previous Subclause 8.15, Adopted the term charge transfer rating Q,, as the single-impulse withstand rating of
new Subclause 8.12 arresters. Included distribution arresters in this test series. A test procedure graphic
was added for clarity. Added distribution arresters to the tested classes to replace
LCLD test. Both 8/20 and rectangular waveshapes allowed for distribution arresters.

Previous Subclause 8.16, The duty cycle test was revised as follows:
new Subclause 8.13 Station and intermediate arresters exempt since this is a redundant test to switching
impulse withstand test.

0,, parameter adopted as the charge transfer characteristic.

Name changed to Operating Duty Test to distance this standard from the duty cycle
rating parameter.

Removed 20 impulse preconditioning test for non-gapped MOV, since studies have
shown that low current impulses <20 kA do not age MOSA arresters.

Added high current impulse to preconditioning test to replace 20 lower current
impulses.

Changed thermal recovery voltage to MCOV or higher for all distribution arresters
instead of just HD. (Text of draft accepted in March meeting.)

Revised non-gapped graphic of test timeline and correlated to verbiage with labels
(Draft 9).

Added separate graphic of timeline and verbiage for gapped arresters.

Added new subclause for gapped MOV arresters that combines

some parts of IEC 60099-6 and IEEE Std C62.11-2012.
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Previous 8.17, new The TOV test was modified as follows:

Subclause 8.14 Eliminated the 0.01s TOV, since it is not likely to happen in the real world and tests
laboratories cannot actually test this short time.

Added ¥, test as an initial test to verify specimen MCOV.

Reduced the longest required time down to 3600 s and required it instead of 10000 s.
This better represents the real world based on input from utilities.

Adopted the prior duty energy to be W,,.

Modified wording to require a start temp of 60 °C not allowing for a 10 min delay
between removing form oven and starting the test.

Added procedure graphic for clarification of test.

Changed pass criteria of discharge voltage to + 5% from

10% to make consistent with other design tests.

Previous Subclause 8.21, Eliminated ODC, HCSD, and LCLD withstand tests and added single

new Subclause 8.18 impulse charge transfer tests in their place and operating duty tests.

Previous Subclause 9.5 Eliminated subclause because there is no need to specify both creep distance
and withstand voltage of a sample. Withstand voltage requirement remains.

Clause 11 Eliminated the clause based on lack of use and no rationale to keep.

Table C.1 Split table into Table C.1 and Table C.2, added new Q,, and
W, values, and removed reference to rated voltage.

D.8.1 Modified rationale for most of the insulation withstand tests.

D.8.9 Updated historical note with more information.

Rationale removed Low-current long-duration test, partial discharge test, high-current short-duration.

D.8.11 Updated to new procedure.

D.8.12 Updated to new procedure.

D.8.13 Updated to new procedure.

D.8.14 Updated to modified procedure.
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IEEE Standard for Metal-Oxide Surge
Arresters for AC Power Circuits (>1 kV)

1. Overview

1.1 Scope

This standard applies to metal-oxide surge arresters (MOSAs) designed to repeatedly limit the
voltage surges on 48 Hz to 62 Hz power circuits (>1000 V) by passing surge discharge current and
automatically limiting the flow of system power current. This standard applies to devices for

separate mounting and to devices supplied integrally with other equipment.
1.2 Purpose

To define tests that demonstrate that an arrester can survive the rigors of reasonable environmental
conditions and system phenomena while protecting equipment and/or the system from damaging

over voltages caused by lightning, switching, and other system disturbances.
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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.

ASTM A153/153M, Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 2 *
ASTM D750, Standard Test Method for Rubber Deterioration in Carbon-Arc Weathering Apparatus.

ASTM D1499, Standard Practice for Operating Light And Water Exposure Apparatus (Carbon-Arc

Type) for Exposure Of Plastics.

ASTM D2565, Standard practice for xenon arc exposure of plastics intended for outdoor

applications.

ASTM G153, Standard Practice for Operating Enclosed Carbon Arc Light Apparatus for Exposure of

Nonmetallic Materials.

ASTM G154, Standard Practice for Operating Fluorescent Light Apparatus for UV Exposure of

Nonmetallic Materials.

ASTM G155, Standard Practice for Operating Xenon Arc Light Apparatus for Exposure of Non-

Metallic Materials.

CIGRE TB 696-2017, MO Arresters for Emerging Svstems.3

2*AsT™ publications are available from the American Society for Testing and Materials (http://www.astm.org/).

3CIGRE publications are available from the Council on Large Electric Systems (http://www.e-cigre.org/).
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IEC 60071-2, Insulation Coordination —Part 2: Application Guide 4

IEC 60099-4, Surge Arresters—Part 4: Metal-oxide surge arresters without gaps for a.c. systems.

IEEE Std 4™, IEEE Standard Techniques for High-Voltage Tes’fing.él—6

IEEE Std 386™, IEEE Standard for Separable Insulated Connector Systems for Power Distribution
Systems Above 600 V.

IEEE Std 693™, IEEE Recommended Practice for Seismic Design of Substations.
IEEE Std 1313.2™-1999, IEEE Guide for the Application of Insulation Coordination.

IEEE Std C37.42™, IEEE Standard Specifications for High-Voltage (> 1000 V) Expulsion-Type
Distribution-Class Fuses, Fuse and Disconnecting Cutouts, Fuse and Disconnecting Switches, and

Fuse Links, and Accessories Used with These Devices.%

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

Partial Discharge Measurements.

IEEE Std C62.22™, IEEE Guide for the Application of Metal-Oxide Surge Arresters for Alternating

Current Systems.

Standards Institute (http://www.ansi.org/).

S5The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics

Engineers, Incorporated.

6IEEE publications are available from the Institute of Electrical and Electronics Engineers (https://standards.ieee.or
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NEMA 107, Methods of Measurement of Radio Influence Voltage (RIV) of High Voltage Apparatus.7

NEMA CC 1 Flockric D - o for Sul oot

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards

85

Dictionary Online should be consulted for terms not defined in this clause.
arrester: See: surge arrester.

arrester, deadfront type: An arrester assembled in a shielded housing providing system insulation
and conductive ground shield, intended to be installed in an enclosure for the protection of

underground and pad-mounted distribution equipment and circuits.

arrester disconnector: A means for disconnecting an arrester in anticipation of, or after, a failure in

order to prevent a permanent fault on the circuit and to give indication of a failed arrester.

NOTE—Clearing of the fault current through the arrester during disconnection is generally done by

the nearest source side overcurrent-protective device.2 &

arrester, distribution, heavy duty class: An arrester normally used to protect overhead distribution

systems exposed to severe lightning currents.

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

85 [EEE Standards Dictionary Online subseription 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

9 © Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this standard.
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arrester, distribution, light duty class: An arrester normally installed on and used to protect
underground distribution systems where the major portion of the lightning stroke current is

discharged by an arrester located at the overhead line/cable junction.

arrester, distribution, normal duty class: An arrester normally used to protect overhead distribution

systems exposed to normal lightning currents.
arrester, liquid-immersed type: An arrester designed for use immersed in an insulating liquid.

arrester, riser pole type: An arrester for pole mounting normally used to protect underground

distribution cable and equipment.
arrester unit: Any section of a multi-unit arrester.

basic lightning impulse insulation level (BIL): The electrical strength of insulation expressed in
terms of the crest value of a standard lightning impulse. The basic lightning impulse insulation level
(BIL) may be either a STATISTICAL BIL, or a CONVENTIONAL BIL. See also: conventional basic

lightning impulse insulation level (BIL); statistical basic lightning impulse insulation level (BIL).

basic switching impulse insulation level (BSL): The electrical strength of insulation expressed in
terms of the crest value of a standard switching impulse. The basic switching impulse insulation
level (BSL) may be either a STATISTICAL BSL, or a CONVENTIONAL BSL. See also: conventional
basic switching impulse insulation level (BSL); statistical basic switching impulse insulation

level (BSL).

certification tests: Tests run on a regular, periodic basis to verify that selected, key performance
characteristics of a product or representative samples thereof have remained within performance

specifications.

classification of arresters: Arrester classification is determined by prescribed test requirements of
this standard. These classifications are;: station, intermediate, distribution heavy duty, distribution

normal duty, and distribution light duty.
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classifying current: The designated current used to perform the classification tests. It is used in two

forms: lightning impulse classifying current and switching impulse classifying current. Lichtning

impulse classifying current is also designated as Ij;gs.

conventional basic lightning impulse insulation level (BIL): Applicable specifically to non-self-
restoring insulations. The crest value of a standard lightning impulse for which the insulation shall

not exhibit disruptive discharge when subjected to a specific number of applications of this impulse

under specified conditions. See also: statistical basic lightning impulse insulation level (BIL).

conventional basic switching impulse insulation level (BSL): Applicable specifically to non-self-
restoring insulations. The crest value of a standard switching impulse for which the insulation does
not exhibit disruptive discharge when subjected to a specific number of applications of this impulse

under specified conditions. See also: statistical basic switching impulse insulation level (BSL).

corona ring: A metal part, usually circular or oval in shape, mounted to provide electrical shielding

to terminals and other metal fitting to suppress the generation of corona on the terminals or fittings.
cracking: The rupture of the weathershed material to depths greater than 0.1 mm.

crest (peak) value (of a wave, surge, or impulse): The maximum value that a wave, surge, or

impulse attains.

design tests: Tests made on each design to establish the performance characteristics and to
demonstrate compliance with the appropriate standards of the industry. Once made, they need not

be repeated unless the design is changed so as to modify performance.
discharge current: The surge current that flows through an arrester.

discharge voltage: The voltage that appears across the terminals of an arrester during passage of

discharge current.

discharge voltage-current characteristic: The variation of the crest values of discharge voltage with

respect to discharge current.
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NOTE—This characteristic is normally shown as a graph based on three or more current-surge

measurements of the same wave shape but of different crest values.

discharge withstand current: The specified magnitude and wave shape of a discharge current that

can be applied to an arrester a specified number of times without causing damage to it.

disruptive discharge: The sudden and large increase in current through an insulating medium, due

to the complete failure of the medium under the electrostatic stress.

duty-cycle voltage rating: Historically The designated maximum permissible voltage between its

terminals at which an arrester is designed to perform its duty cycle._The duty-cycle rating of

arresters was more appropriate to the previous generation of arresters and is being phased out of

this standard.

electrical unit: Portion of an arrester in which each end of the unit is terminated with an electrode

that whieh is exposed to the extemal environment.

fault current: The current from the connected power system that flows in a short circuit.

flashover: A disruptive discharge around or over the surface of a solid or liquid insulator.

front-of-wave (FOW) discharge voltage: The crest discharge voltage resulting from a current wave

at lightning impulse classifying current magnitude with a virtual front time of 1 us.

front-of-wave impulse sparkover voltage: The impulse sparkover voltage with a wave front that

rises at a uniform rate and causes sparkover on the wave front.
gapless: Not possessing gaps, series, or parallel as in gapless arrester.

grading or control ring: A metal part, usually circular or oval in shape, mounted to modify

electrostatically the voltage gradient or distribution.
ground terminal: The conducting part provided for connecting the arrester to ground.

impulse: A surge of unidirectional polarity.
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impulse protective level: For a defined wave shape, the higher of the maximum sparkover value or

the corresponding discharge-voltage value.

impulse protective volt-time characteristic: The discharge-voltage time response of the device to

impulses of a designated wave shape and polarity, but of varying magnitudes.

NOTE—For a gapless arrester, the impulse protective level is simply the corresponding discharge-

voltage value.

impulse sparkover voltage: The highest value of voltage attained by an impulse of a designated
wave shape and polarity applied across the terminals of an arrester that will cause gap sparkover

prior to the flow of discharge current.

impulse sparkover volt-time characteristic: The gap sparkover response of the device to impulses of

a designated wave shape and polarity, but of varying magnitudes.

NOTE—For an arrester, this characteristic is shown by a graph of crest voltage values plotted

against time to sparkover.
indoor arrester: An arrester that, because of its construction, must be protected from the weather.

ionization current: The electric current resulting from the movement of electric charges in an

ionized medium, under the influence of an applied electric field.

lightning: An electric discharge that occurs in the atmosphere between clouds or between clouds

and ground.
lightning impulse surge: A transient electric disturbance in an electric circuit caused by lightning.

line terminal: The conducting part of the arrester provided for connecting the arrester to the circuit

conductor.

maximum continuous operating voltage (MCOV): The maximum designated root-mean-square
(rms) value of power-frequency voltage that may be applied continuously between the terminals of

the arrester.
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maximum design cantilever load-static (MDCL-static): The maximum cantilever load the surge

arrester is designed to continuously carry.
maximum system voltage: The highest voltage at which a system is operated.

NOTE—This is generally considered to be the maximum system voltage as prescribed in ANSI Ste

C84.1 [B1 B3]107

mechanical unit: Portion of an arrester in which the metal-oxide disks wasristers within the unit are

mechanically restrained from moving in an axial direction.

metal-oxide disk warister: A two-terminal resistive element, composed of an electronic

semiconductor and suitable contacts that has a markedly nonlinear volt-ampere characteristic.

metal-oxide surge arrester (MOSA): A surge arrester utilizing metal-oxide disks wasisters fabricated

from nonlinear resistance metal-oxide materials.

nominal rate of rise (of an impulse wave front): The slope of the line that determines the virtual

zero. It is usually expressed in volts or amperes per microsecond.

nominal system voltage: A nominal value assigned to designate a system of a given voltage class.
NOTE—See ANSI St6-C84.1 [B1 B3].

normal lightning current: Lightning currents of 65 kA or less. See also: severe lightning current.
outdoor arrester: An arrester that is designed for outdoor use.

partial discharge (PD): A localized electric discharge resulting from ionization in an insulation
system when the voltage stress exceeds the critical value. This discharge partially bridges the

insulation between electrodes.

10 “The numbers in brackets correspond to those of the bibliography in Annex E.
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power-frequency sparkover voltage: The root-mean-square (rms) value of the lowest power-
frequency sinusoidal voltage that will cause sparkover when applied across the terminals of an

arrester.

power-frequency withstand voltage: A specified root-mean-square (rms) test voltage at a power

frequency that will not cause a disruptive discharge.

production tests: See: routine tests.

prorated section: A complete, suitably housed part of an arrester, comprising all necessary
components, including gaseous medium, in such a proportion as to accurately represent, for a

particular test, the characteristics of a complete arrester.

prospective current (surge arresters) (available current): The rms-symmetrical-steady state current
that would flow at a given point in a circuit if the arrester(s) at that point were replaced by links of

zero impedance.

NOTE 1—This value can be in terms of either symmetrical or asymmetrical, peak or root-mean-

square (rms) current, as specified.

NOTE 2—In some resonant circuits, the maximum available short-circuit current may occur when
the short circuit is placed at some other point than the given one where the available current is

measured.

puncture: Term used to denote either (A) A disruptive discharge through a solid dielectric; (B) A
disruptive discharge through solid insulation; or: (C) Ferm—used—+to—denote—when—a disruptive
discharge eeeurs-through a solid dielectric that ane produces permanent loss of dielectric strength (;

in a liquid or gaseous dielectric, the loss may be only temporary).

radio-influence voltage (RIV): A high-frequency voltage, generated by all sources of ionization

current that appears at the terminals of electric-power apparatus or on power circuits.

rated short-circuit current (IS): Maximum claimed power frequency rms fault current that may flow

through a failed arrester, as verified in the short circuit design test
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rating: The designation of an operating limit for a device.

reference current (Iref): The peak value of the resistive component of a power-frequency current
high enough to make the effects of stray capacitance of the arrester negligible. This—eurrentdevel
ball] Ciad v il : .

NOTE—Depending on the arrester design, the reference current will typically be in the range of 0.05

mA to 1.0 mA per square centimeter of disk area.

reference voltage (Vyf): The lowest peak value independent of polarity of power-frequency voltage,

divided by the square root of 2, required to produce a resistive component of current equal to the

reference current of the arrester or arrester element. The reference voltage of a multi-unit arrester is

the sum of the reference voltages of the series units.—Fhe—voltagelevelshall-be—specitied-by—the
e et

routine tests: Tests made by the manufacturer on every device or representative samples, or on parts

or materials, as required, to verify that the product meets the design specifications.

series gap: Intentional gap(s) between spaced electrodes in series with the metal-oxide disks

varisters across which all or part of the impressed arrester terminal voltage appears.

severe lightning current: Lightning currents greater than 65 kA, but not greater than 100 kA. See

also: normal lightning current.

shunt gap: Intentional gap(s) between spaced electrodes that is electrically in parallel with one or

more metal-oxide disks waristers.

single impulse charge transfer with stand rating (Qys ef-an-arrester): The maximum charge of a

single current impulse that the arrester can withstand multiple times during its life without causing

unacceptable physical or electrical damage to the metal-oxide disks wasisters of the arrester.

sparkover: A disruptive discharge between electrodes of a measuring gap, voltage-control gap, e+

gap-type protective device.
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statistical basic lightning impulse insulation level (BIL): Applicable specifically to self-restoring
insulations. The crest value of a standard lightning impulse for which the insulation exhibits a 90%
probability of withstand (or a 10% probability of failure) under specified conditions. See also:

conventional basic lightning impulse insulation level (BIL).

statistical basic switching impulse insulation level (BSL): Applicable specifically to self-restoring
insulations. The crest value of a standard switching impulse for which the insulation exhibits a 90%
probability of withstand (or a 10% probability of failure) under specified conditions. See also:

conventional basic switching impulse insulation level (BSL).

surge arrester: A protective device for limiting surge voltages on equipment by diverting surge
current and returning the device to its original status. It is capable of repeating these functions as

specified.

NOTE— Hereafter, the term arrester as used in this should be understood to mean surge arrester.

system voltage: The root-mean-square (rms) power-frequency voltage from line to line as

distinguished from the voltage from line to neutral.

terminals: The conducting parts provided for connecting the arrester across the insulation to be

protected.

time-to-impulse sparkover: The time between virtual zero of the voltage impulses imprise causing

sparkover and the point on the voltage wave at which sparkover occurs.

thermal charge transfer rating (Oﬂ): The maximum charge transfer capability with thermal

recovery of an arrester as demonstrated in the operating duty test.

thermal energy withstand rating (Wﬂ): The maximum energy injection capability with thermal

recovery of an arrester as demonstrated in the switching impulse energy rating test.
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tracking: Irreversible degradation of the surface_of insulating material from the formation of

conductive carbonized paths.

ultimate mechanical strength-static (UMS-static): The load at which any part of the surge arrester

fails to perform its mechanical function.
unit operation: A discharge of a surge through an arrester while the arrester is energized.
vent: An intentional opening for the escape of gases to the outside.

virtual duration of wave front (of an impulse): (A) For voltage waves with wave front duration less
than 30 us, either full or chopped on the front, crest, or tail, 1.67 times the time for the voltage to
increase from 30% to 90% of its crest value. (B) For voltage waves with wave front duration of 30 us
or more, the time taken by the voltage to increase from actual zero to maximum crest value. (C) For

current waves, 1.25 times the time for the current to increase from 10% to 90% of crest value.

virtual zero point (of an impulse): The intersection with the time axis of a straight line drawn
through points on the front of the current wave at 10% and 90% crest value, or through points on the

front of the voltage wave at 30% and 90% crest value.

wave: The variation with time of current, potential, or power at any point in an electric circuit.
wave front (of a surge or impulse): That part that occurs prior to the crest value.

wave shape (of an impulse test wave): The graph of the wave as a function of time.

wave shape designation (of an impulse): (A) The wave shape of an impulse (other than rectangular)
of a current or voltage is designated by a combination of two numbers. The first, an index of the
wave front, is the virtual duration of the wave front in microseconds. The second, an index of the
wave tail, is the time in microseconds from virtual zero to the instant at which one-half of the crest
value is reached on the wave tail. Examples are 1.2/50 and 8/20 waves. (B) The wave shape of a
rectangular impulse of current or voltage is designated by two numbers. The first designates the
minimum value of current or voltage that is sustained for the time in microseconds designated by

the second number. An example is the 75 A 1000 us wave.
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wave tail (of an impulse): That part between the crest value and the end of the impulse.

withstand voltage: The voltage that electric equipment is capable of withstanding without failure or

disruptive discharge when tested under specified conditions.

3.2 Acronyms and abbreviations

BIL basic lightning impulse insulation level
BSL basic switching impulse insulation level
CFO critical flashover voltage

CWW chopped wave withstand

DC direct current

FOW front of wave

HD heavy duty

Iclass lightning impulse classifying current
Lref reference current

Is rated short-circuit current

LD light duty

MCOV maximum continuous operating voltage
MDCL maximum design cantilever load

MO metal-oxide

MOSA metal-oxide surge arrester

ND normal duty
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PD

partial discharge

Oys single impulse charge transfer rating
Owm thermal charge transfer rating

RIV radio-influence voltage

TOV temporary overvoltage

UMS ultimate mechanical strength

Ve MCOV of prorated section

VREC recovery voltage in thermal tests
Vief reference voltage

W thermal energy withstand rating
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4. Service conditions

4.1 Usual service conditions

4.1.1 General

An arrester conforming to this standard shall be capable of successful operation under the service

conditions given in 4.1-and-4:2.
4.1.2 Physical conditions

The following lists the acceptable physical conditions expected of an arrester:

a) Ambient air temperature in the general vicinity of the arrester shall be between —40 °C

and +40 0C, 118 except in the following:

1) Ambient air temperature in the general vicinity of deadfront arresters shall be

between —40 °C and +65 °C.

2) Ambient liquid temperature in the general vicinity of liquid-immersed arresters

shall be between —40 °C and +95 °C.

b) Maximum temperature of the arrester, due to external heat sources in the general

vicinity of the arresters, shall not exceed 60 °C, except in the following_conditions:
1) Maximum temperature of the deadfront arrester shall not exceed 85 °C

2) Maximum temperature of the liquid-immersed arresters shall not exceed 120 °C

C) Altitude shall not exceed 1000 4868 m (3281 6000 ft), except for liquid-immersed

arresters

11 SThis operating temperature is suitable for arresters not mounted in proximity to external heat sources causing a continuous

ambient temperature in the vicinity of the arrester in excess of 40 °C.
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4.1.3 System conditions

The following list is of acceptable system conditions for arrester covered in this standard:

a) Nominal power system frequency of 48 Hz to 62 Hz

b) System line-to-ground voltage within the_voltage ratings of the arresters under all

system operating conditions
4.2 Unusual service conditions

Exposure to any of the service conditions described in 4.2.1 and 4.2.2 may require special

consideration in the design or application of arresters.
4.2.1 Physical conditions

The following list is of conditions outside the usual conditions expected of arresters in this standard:

a) Ambient temperatures in the general vicinity of the arrester exceeding the values given
in4121%
b) Maximum arrester temperatures exceeding the values given in 4.1.2 %

C) Altitude exceeding 1000 $860 m (3281 6000-ft)—Arrestersforserviceathigheraltitudes

2} 36015400 (12001 £ 18000 £

d) Exposure to any of the following:
1) Damaging fumes or vapors

2) Excessive dirt, salt spray, or other current-conducting deposits

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 22:51:39 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.11-2020


http://www.avadocuments.com/doc/ieee-c62-11-2020
http://www.avadocuments.com/doc/ieee-c62-11-2020

3) Steam
4) Explosive atmospheres, abnormal vibrations, or shocks
e) Unusual transportation or storage

f) Earthquakes

4.2.2 System conditions

The following is a list of unusual system conditions for arresters covered in this standard:

a) Nominal power frequency outside the range of etherthan 48 Hz to 62 Hz

b) System operating conditions whereby the rating of the arrester may be temporarily

exceeded. Some examples are as follows:

1) Loss of neutral ground on normally grounded circuit
2) Generator overspeed
3) Resonance during fault upon loss of major generation
4) System instability
5) Single line-to-ground fault with delayed (abnormal) fault clearing
6) Load rejection
7) Ferroresonance
C) Any other unusual conditions known to the user
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5. Standard MCOYV rating of an arrester and previously used duty-cycle

rating

The relevant arrester voltage rating for MOSA type arresters is MCOV. The duty-cycle rating of

arresters was more appropriate to the previous generation of arresters and is being phased out of

this and future editions of this standard. Table 1 is a cross reference for common MCOV ratings of

MOSA type arresters as well as the previously used duty-cycle rating associated with that specific

MCOV rating.

NOTE—The duty-cycle rating is an obsolete term that is used here for historical reference only.
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Table 1— Arrester ratings®

MCOV Duty-cycle MCOV Duty-cvcle voltage
(kV rms) iu!r:‘lge (kV rms) (kV rms)
(EV rms)
255 3 115 144
5.1 6 131 168
71.65 o 140 172
84 10 144 180
10.2 12 152 162
12.7 15 180 228
153 18 190 240
17 21 209 258
19.5 24 212 2064
22 27 220 276
24 4 30 230 288
20 36 235 204
315 30 245 312
36.5 45 318 396
30 48 335 420
42 54 353 44
48 a0 in 468
57 72 392 492
70 o0 423 540
76 06 448 564
84 108 462 576
o8 120 470 588
106 132 485 612
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Putvede | acov Piede [ acov
rms) (kKV rms) &V 1'1;';) (KV rm
N 2.55 144 M5
6\ 51 168 /131
0 7.65 172 /140
10 8.4 180 " 144
12 N\, 102 192 / 152
15 2.7 228 / 180
18 158 A0 100
21 17 L /258 209
24 195 N\ /4 212
27 22 @ 276 220
30 24 4 ><‘ 288 230
36 20 \ 204 235
30 31s /) N\ 312 245
45 365" 806 318
48 /0 120\ 335
54 pa: TN 353
60 /4 468 AN 372
72 57 402 N\ 39
0o / 70 _T:m N\, 428

/%ﬁ/ 76 564 s
8 84 576 46D

/ 120 08 588 470 \

132 106 612 485

6. Performance characteristics and tests

Each class and type of arrester shall be subjected to a series of design tests as listed in Table 2. For
tests on liquid-immersed arresters that require immersion of the arrester in insulating liquid, the
tests shall be performed for all types of insulating liquid in which the arrester is being qualified for

use.
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NOTE— A blank cell in Table 2 indicates that testing is not required.

Clause 7 contains general requirements for selection of test samples and for measurement practices.
Clause 8 contains the specific requirements for each design test. Design test parameters are

summarized for convenient reference in Table C.1 and Table C.2.

Requirements for eertification—tests—aned-routine tests are contained in Clause 11,-and-Clause32;
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Table 2— Arrester design tests test

Station and P
. intermediate class Distribution class
Design test mp—y
celai . celai . lquid-
Porcelain | Polvmer | Porcelain | Polvmer immersed Deadfront
Arrester insulation withstand test 8124 8124 8121 8121 8122 8123
Discharge-voltage characteristics test 82 82 82 82 82 82
Power-frequency sparkover test 83 83 83 83 83 83
Impulse protective level voltage-time ) ) )
characteristic fest 84 84 84 84 84 84
Accelerated aging test of metal-oxide disks 85 85 85 8.5 85 8.5
Accelerated aging test of polymer-housed
distribution arresters with exposure to light — — — 8.6 — —
and electrical stress
Accelerated aging test of polymer-housed . 87 . 8.7 o .
arresters with exposure to salt fog -
Contamination test 88 88 — — — —
Distribution arrester seal infegrity design
— — g9 8.9 — —
test
Radio-influence voltage (RIV) test 8.10 8.10 — — — —
Switching impulse energy rating test (177,) 811 §.11 — — — —
fgﬁ"”m’m charge transfer sating test | ¢ 812 812 8.12 8.12 8.12
Operating  duty test for distribution _ . 213 213 213 813
arresters (0,) ) T T T
Temporary overvoltage (TOV) test 814 814 814 8.14 8.14 8.14
Short-circuit test 815 8.15 8.15 8.15 — —
Failure mode test for liquid-immersed 816
arresters o - - - - -
Deadfront arrester failure mode test — — — — — 817
Distribution armrester disconnector fest — — 8.18 8.18 — —
Maximmum design canfilever load (MDCL)
and moisture ingress test for polymer- — 819 — §.19 — —
housed arresters
Ultimate  mechanical  strength-static
(UMS-static) test for porcelain-housed 8.20 — 820 — — —
arresters
Seismic capability vertfication 821 821 — — — —
New

Table 3, Table 4, and Table 5 list performance characteristics of different classes of arresters that are

verified by design tests identified in Table 2.
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. S-mnop and Distribution class
) intermediate class
Desizn test —
Porcelain|Polymer| Porcelain | Polymer |, Liquid- eadfront
immersed

Arrester iﬂ&ulﬁ@ﬂ withstand test 8124 | 8124 8121 8121 8122 812
Discharge-voltagdcharacteristics test 8.2 8.2 8.2 8.2 s 8.
Power-frequency spﬁigo*.-‘er test 83 8.3 83 83 /§.3 83
[mpulse protective leveWge—tmm 8.4 8.4 g4 g4 // 8.4 8.4
characteristic test
Accelerated aging test of varishys 83 8.5 8.5 87 8.5 85
Accelerated aging test of polymersyoused
distribution arresters with exposure tyJlight 8.6
and electrical stress /
Accelerated aging test of polymer-housed 8.7 8.7
arresters with exposure to salt fog N ) ’
Contamination test \8.3 88 | /
Distribution arrester seal integrity design test \ // 8.0 8.9
Radio-influence voltage (RIV) test 810 \| 8.4
Partial discharge (PD) test 811 | Y11 8.11 8.11 8.11 8.1
High-current shert-duration withstand test A\ 8.12 8.12 $.12 8.12
Low-current long-duration withstand fest / N 813 8.13 8.13 8.13
Switching surge energy rating test / 14 814 \
Single-impulse withstand rating test // 815 815 \
Duty-cycle test /| 816 | 816 810\ | 816 8.16 8.16
Temporary overvoltage (TOV) test / 8.17 8.17 8.17 \\ 8.17 8.17 8.17
Short-circuit test / 818 | 818 [ 818 | \818
Failure mode test for liquid-i d $.10
arresters "
Deadfront arrester fru'lure/ﬁodf test \\ 8.20
Distribution arrester ryéom:lec’rm test 8.21 8.21 \
Mazanmm design gdntilever load (WMDCL)
and
moisture mgg#s test for polymer-housed §.22 8.1
arresters \
Ultimatg/mechanical strength-static (UMS- 823 823
statig/ test for porcelain-housed arresters = -
Spfemic capability verification 824 | 824 N\

(Peleted)
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Table 3 —Distribution arrester classifications

Lightning impulse Hish current Minimum Minimum thermal

Distribution classifving current igm ulse single impulse energy withstand raring
class arrester ¥ - (]1;) charge transfer Qs
(kA) rating 0, (C) ©
Heavy Duty (HD) 10 100 0.4 1.1
Normal Duty (ND) 5 65 02 0.7
Light Duty (LD) 5 40 0.1 045

New

Table 4 —Station and intermediate arrester impulse classifying currents

Lightning impulse Sn ]“h]mg
MCOV range classifving current lmpuise
Arrester class e D - classifving
(EV rms) I, -
{l:i’} current
(A)
Station =448 20 2000
Station 246—448 15 2000
Station 116245 10 1000
Station 2.35-115 10 500
Intermediate 2.35-115 3 500

New
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Table 5—Station and intermediate arrester thermal energy ratings

(Wth)

Minimum thermal
energy withstand
rating (1¥,)
EVEV-MCOV
3
45
]

15
o
11
13
15
18
21
24
27

30

Energy class

o

|| H|gla|w

=

=

New

7. Test requirements

7.1 Complete arrester test samples

The following list outlines the requirements of new test samples used in this standard:

a) New and clean arresters shall be used for each test unless otherwise specified.

b) All test samples for arrester designs incorporating a disconnector, either as an integral

part or an accessory, shall include the disconnector.

C) The arrester shall be mounted in the position(s) in which it is designed to be used.
d) The arrester-mounting bracket, if used, shall be connected to the ground terminal.
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e) The grading/control ring and/or corona ring if used, shall be included in design tests

influenced by stray capacitance effects.

f) Deadfront arresters shall be properly assembled with actual or simulated components.
All parts that are normally grounded shall be connected to the ground of the test

circuit.
7.2 Prorated section

Several design tests permit the use of scaled representations of a complete arrester. These prorated
sections shall be constructed so that they accurately represent the electrical and thermal
characteristics of the represented arrester for the test being performed. The parameters of the

prorated section depend on the particular design test being performed.
7.2.1 Prorating for discharge voltage tests

Tests may be made on open-air samples consisting of metal-oxide disks waristers only. The diameter

of metal-oxide disks ¥asisters used in the prorated section shall be the same as the diameter of the

metal-oxide disks waristers used in the arrester being modeled. The maximum discharge voltage of

the complete arrester for a given discharge current is given by Equation (1).

V4 max = discharge voltage measured on the prorated section at the given current x Kg (1)
where
Ks is the prorated section scale factor, given by Equation (2)
Ks=Vpa /VDs )
where
VDA is the maximum discharge voltage of the arrester at lightning impulse classifying
current
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VDs is the discharge voltage measured on the prorated section at lightning impulse

classifyin g current

7.2.2 Prorating for design test involving demonstration of thermal

recovery

Design tests that involve application of power-frequency voltage and demonstration of thermal

recovery (namely, TOV, operating eiseharge-—eurrent-withstand; duty eyele-and switching impulse
surge energy rating tests) shall be performed on a model that properly represents the thermal

characteristics of the complete arrester and its environment. The diameter of metal-oxide disks

varistors used in the prorated section shall be the same as the diameter of the metal-oxide disks

varistors used in the arrester being modeled.

The prorated section shall contain all organic components that are contained in the complete
arrester, and they shall be in the same nominal quantity per unit length. The prorated section does
not have to be a slice out of the complete arrester, and it does not have to contain the inorganic

components (e.g., porcelain) used in the arrester.

The specific construction of the housed model depends on the arrester type (see 7.2.2.1 and 7.2.2.2).

The duty-eyelevolagerating(VR)and-MCOV (#C)-of the prorated section is are given by Equation
(3) anrd Equation{4).

VR =arresterduty-eyele-voltagerating/Kp £
Vi = Arrester MCOV/ Kp 3)

where

Vc  isthe MCOV of the prorated section

Ky is the prorated section scale factor
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The prorated section scale factor shall be determined on the basis of reference voltage scaling or
metal-oxide volume scaling, whichever results in the most conservative modeling. In other words,

Ky shall be the lower of Ky or Kp1 where Equation (4 5) and Equation (5 6) apply.

Ky =VRA/VRS (reference voltage scaling factor) 4)
Kpr= M A/Mg (metal-oxide volume scaling factor) 5)
where

VRA is the minimum reference voltage of arrester (specified by the manufacturer)

VRS is the voltage measured on prorated section at the manufacturer’s specified

reference current

Mg is the minimum metal-oxide volume in the complete arrester (specified by the

manufacturer)

Mg  is the metal-oxide volume in the prorated section

In addition, the metal-oxide disks waristers used for the prorated section shall have a power-

frequency power loss equal to the maximum allowed by the manufacturer in the arrester being

modeled. In the event that maximum power loss metal-oxide disks waristers are not available,

prorated sections may be constructed with lower power-loss metal-oxide disks waristers provided

that the voltage applied during the thermal recovery portion of the test is adjusted as shown in

Equation (6 7).

T Ky, (6)

where

VRE(C is the Recovery voltage in tests where thermal recovery is required
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Ky is the power loss scale factor as defined in Equation (7)

Reeoveryvoltage =V <K/ A
boro B ion (8! Lies.
Ky =Vir Viw @
New
Ey=Vrr! Viw —— S (8)
Hoaleledl
where
VWwT W4 is the voltage required to increase power loss to maximum allowed level,

at the temperature at which power loss is normally measured

VWN is the voltage at which power loss is normally measured

7.2.2.1 Outdoor arresters

Test models shall be constructed as follows:

a) Housing length shall be great enough to enclose the prorated internal element(s), but
shall not be more than 50% longer than the internal element(s). Housing length in
excess of 10% longer than the internal element(s) shall be insulated both internally and
externally with at least 5 cm thickness of uncompressed glass wool insulation or
equivalent. The total mass of the housing in the model shall not exceed 110% of the

mass of the housing in the section of the arrester being modeled.

b) Both ends of the housing shall be closed using at least 5 cm (2 in) thickness of
uncompressed glass wool insulation or equivalent, and the insulation shall be
arranged to cover the ends of the housing. The thermal resistivity constant (R-value) of

the insulation shall be five or greater.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 22:51:39 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.11-2020


http://www.avadocuments.com/doc/ieee-c62-11-2020
http://www.avadocuments.com/doc/ieee-c62-11-2020

C) Maximum conductor size for electrical connections within the sample shall be 3 mm?2

(AWG # 12).
7.2.2.2 Liquid-immersed arresters

A requirement for liquid-immersed arresters has not yet been established. The manufacturer shall
describe the thermal prorating procedure used. The thermal model shall take into account the
thermal effects of the liquid and other major components that may be contained in the tank or vessel

in which the arrester will be installed in the field.

7.2.2.3 Test to verify thermal equivalency between complete arrester and

thermally prorated arrester section

If, for any test requiring demonstration of thermal recovery, a complete arrester cannot be tested,
then a thermally prorated section shall be verified according to the procedure in this subclause. Once
the prorated section has been verified for a given arrester type and design, the verification need not

be repeated for future use of prorated sections of identical construction.

This procedure evaluates the validity of a thermally prorated section by heating it and a complete
arrester to the same temperature, via internal power loss, and then by monitoring and comparing

the cooling rates of the two devices with voltage switched off.
7.2.2.3.1 Ambient conditions

The complete arrester of the unit containing the most metal-oxide disks xaristers per unit length of a

multi-unit arrester is placed, along with the prorated section, in still air having an ambient

temperature between 10 °C and 40 ©C. The ambient temperature shall be the same + 3 °C for the

duration of each test.

NOTE—The broad temperature range is to accommodate laboratories where testing of complete

arresters may have to be performed outside or in large chambers without temperature control.
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7.2.2.3.2 Cooling rate monitoring methods

To determine the cooling rates of the arrester and of the prorated section, thermocouples, fiberoptic

temperature sensing probes, or other types of sensors may be attached to the metal-oxide disks

bleeks, or power loss or resistive component of current may be monitored. If power loss or resistive
component of current is used, the complete arrester and the prorated section shall be made using

metal-oxide disks wasisters from the same lot.

If temperature sensors are used, they may be placed at a number of points and an average
temperature calculated, or the temperature at any point located 1/3 to 1/2 of the arrester length from
the top may be used. (Using the single point 1/3 to 1/2 length from the top gives a conservative

result.)

7.2.2.3.3 Heating the metal-oxide disks varisters

Metal-oxide disks ¥aristers in the complete arrester and in the prorated section shall be heated to a

temperature of 140 OC + 10 OC, between wdthin 1 min to 120 min, by application of power-frequency
or dc voltage with an amplitude above reference voltage. The temperature attained by the metal-

oxide disks waristers in the complete arrester and in the prorated section shall be equivalent within 3

OC. When this temperature is reached, the voltage source shall be disconnected.
The heating time for the complete arrester and the prorated section shall be the same within + 5%.

NOTE— {A shorter heating time is more representative of most field circumstances, but a longer

heating time is conservative.}
7.2.2.3.4 Determination of cooling rate curve

Within 1 min after disconnecting the heating (voltage) source, begin monitoring the cooling rate
using any of the methods in 7.2.2.3.2 at intervals not exceeding 5 min. Continue monitoring for a

period of not less than 2 h.
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If power loss or resistive component of current is used, MCOV shall be applied in a periodic manner
for a time not exceeding 30 s to determine the measured quantity. Voltage-on time shall be kept as
short as possible to most closely duplicate the result that would be obtained with thermocouples. In
order to give a conservative result, voltage-on time for the prorated section shall not exceed voltage-

on time for the complete arrester.

Draw a smooth curve through the temperature, power loss, or resistive component of current versus

time measured points.
7.2.2.3.5 Evaluation

After the complete arrester and the prorated section cooling rate curves have been determined, the

two curves shall be compared.

Thermal equivalency of the prorated section is verified provided that, for all instants during the
cooling period, the monitored quantity (e.g., temperature, power loss, or resistive component of
current) for the prorated section is equal to or higher than for the complete arrester. If, at any instant,
the measured cooling curve of the section falls below the measured cooling curve of the complete
arrester, compensation may be made by adding a fixed temperature to every point on the cooling
curve of the section such that the adjusted cooling curve of the section is at or above the measured
cooling curve of the complete arrester over the entire cooling period. The amount of this
temperature adjustment shall be added to the prorated section temperature prior to energy injection

in all tests that involve demonstration of thermal recovery.

If power loss is used, time zero power shall be set equal to 1 per unit for the arrester and 1 per unit

for the prorated section in order to superimpose the starting points of the two curves.
7.3 Test measurements

Measurement practices shall be in accordance with the following:

a) The specifications for the individual tests, as given in this standard.
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b)

The specifications for dielectric tests, as given in IEEE Std

7.4 Impulse test-wave tolerances

4129

For all test waves in these standards, specifications per Table 6 3 shall apply unless otherwise

specified.

12 9Information on references can be found in Clause 2.

Table 6 —Impulse Impulsive wave shapes

Measured gquantity 1.2/50 ps waves 25072500 ps waves All ot her .
exponential waves
Crest value = 3% = 3% = 10%
Front time + 30% = 20% = 10%
Time to half value + 20% = 60% = 10%
Nominal rate of rise of wave front — — = 10%
New
Meas uantity 1.2/50 waves > e
ponential waves
Crest value = 10%%
Fronttime = _— = 10%
Time to halfvale

Mﬂf rise of wave front

(Peleted)

7.5 Power-frequency test voltages

The power-frequency test voltages shall have a crest value equal to \2 times the specified rms

voltage and shall have a waveshape approximating a sinusoid with both half cycles closely alike a#

o atelv sinusoidal dhape.
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8. Design tests

8.1 Arrester insulation withstand test

The purpose of the arrester insulation withstand test is to verify that, under usual system conditions,
arrester housings will not flash over under defined impulse, switching, and power-frequency

conditions._ The external insulation of arresters shall be subjected to withstand tests as per the

relevant test procedure given in IEEE Std 4.

8.1.1 Samples

Test samples shall be the assembled insulating members of the arrester or of a single unit. The

internal parts of the arrester or unit shall be removed or rendered inoperative to permit these tests.

Any external series-gap electrodes shall be removed where the gap shunts an insulating member.
8.1.2 Procedure

Test procedures shall comply with Clause 7. Test voltages as described in 8.1.2.1, 8.1.2.2, 8.1.2.3, or_

8.1.2.4 (depending on the class and type of arrester being tested) shall be applied to the test samples.
Unless otherwise specified, the test voltages shall be applied between the arrester line and ground

terminals.
8.1.2.1 Distribution arresters used in open air

Insulation withstand test voltages for distribution arresters used in open air shall be in accordance

with the following;:

a) For gapless arresters, the 1.2/50 impulse withstand test voltage of the arrester shall be

the-1.30 42 times the maximum discharge voltage at the arrester’s lightning impulse

classifying fer-a20-4A-8/20-diseharge current. The test voltage shall be applied 15 times

for each polarity without flashover.
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