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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
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Abstract: This standard applies to low-voltage gas discharge tube (GDT) surge-protective
components for application on systems with voltages less than or equal to 1000 V rms or 1500 V
dc. These protective components are designed to limit voltage surges on balanced or unbalanced
communication circuits and on power circuits operating from dc to 420 Hz. This standard contains
a series of standard test criteria for determining the electrical characteristics and ratings of gas
discharge tube surge-protective components.

Keywords: arc current, arc voltage, breakdown voltage, discharge current, follow current, gas
discharge tube, GDT, glow to arc transition current, glow voltage, holdover voltage, IEEE C62.31™,
sparkover voltage
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not
necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While IEEE
administers the process and establishes rules to promote fairness in the consensus development process, IEEE
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of any
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning this standard, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that the
use of the material contained in its standards is free from patent infringement. IEEE standards documents are
supplied “AS IS” and “WITH ALL FAULTS.”

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

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

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

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars,
or educational courses, an individual presenting information on IEEE standards shall make it clear that the
presenter’s views should be considered the personal views of that individual rather than the formal position of
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, consulting
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of interests.
For this reason, IEEE and the members of its Societies and Standards Coordinating Committees are not able to
provide an instant response to comments, or questions except in those cases where the matter has previously
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would
like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join the relevant
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile
& Interests area of the IEEE SA myProject system. An IEEE account is needed to access the application.

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

Laws and regulations

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

Data privacy

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

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

Updating of IEEE Standards documents

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

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through
the issuance of amendments, corrigenda, or errata, visit [IEEE Xplore or contact IEEE. For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

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

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

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the 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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IMPORTANT NOTICE

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

This introduction is not part of [EEE Std C62.31-2020, IEEE Standard for Test Methods and Preferred Values for Low-
Voltage Gas Discharge Tube Surge-Protective Components.

The tests in this standard are intended as guidance for design tests for manufacturers and end-users to provide
ameans of comparison among various gas discharge tube surge-protective components.

Unless otherwise defined, the test circuits and parameters given in this standard should be used for the
characterization of low voltage gas discharge surge-protective components.

Documents

8 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniverRRYSE@0282d Jr BRI 686@8vRE04:48 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.31-2020


http://www.avadocuments.com/doc/ieee-c62-31-2020
http://www.avadocuments.com/doc/ieee-c62-31-2020

Contents

Lo OVIVICW ..ttt ettt ettt et ettt et e bt e et e bt e e e b em et e emt e ee e bt e st e bt emee e bt emte e bt emteebeenbeeseenteeneenneenes 10
L o) o OO OSSPSR 10
1.2 WOTA USAZE ..ottt ettt sttt ettt et b e et e bt e et e bt e e e bt em e e et e enteebeenteeaeeneesneenaeenean 10

2. DIRIINILIONS ...ttt bttt ettt b bbbt bbbttt ettt ea bbbt ea et b e 11

3. Abbreviations, acronyms and CIrCUIt SYMDOLS .......ccuiiuiiiiiiiiiiiee e e 13
3.1 Abbreviations and ACTOMYIMS ........ceouirtieriiriietieiiett ettt ettt et st e et eeteese e bees e et eneesseeneesaeeneesseenaeeneas 13
3.2 CrCUIL SYIMDOIS ...ttt ettt ettt ettt et et ee et ene e st e et e eaeenbe et eaeeneas 13

4. SEIVICE COMAILIONS ...ttt ettt ettt ettt a bt b e s bbb s b st e bt e st eb b ese e bt ebeebesbeete b e 13
4.1 NOrmal SETVICE CONAITIONS .....c.uervirtirtirtietetertet ettt ettt sttt sttt sttt et eseebeebeebesbeebesbesaens 13
4.2 Unusual SErVICE CONAITIONS .......couertirtirtirtertertetetet ettt ettt ettt sttt sttt ettt ebeebeebeebeebeebesbesaens 14

5. Standard desi@N tESt CITEETIA. ......eiuieiiitieteitiete ettt sttt b et sttt et et e st e bt eneesbeeeesseeeeeneas 15
I B € 1< 1 < ¥ | OO PRSPPI 15
5.2 AMDICNE CONAIIONS ...eiutiiiiiiiiiieitiet ettt ettt ettt e e et est et e et e sbeeneeeaeeneesneeaeeneas 15
5.3 DC breakdOWn VOITAZE tESt........eiueiiiiiieiiitieieeieit ettt sttt ettt sttt sae e e seeeeeeneas 15
5.4 CaAPACIEANICE TEST..euttuietieiietiete ettt ettt ettt et s e st e e st e sbeestesb e e bt e b e bt e st et e es e e bt eneesbeenteeaee et eneeaeenean 16
5.5 Insulation resiStance (TR) tESt ......iccuiiiiieiiecii ettt ettt e st e sae e beeesseebeesnseensee e 16
5.6 Impulse breakdOoWn VOITAZE tES .......eiuiiiiiiieiieiie ettt 17
5.7 Maximum single impulse discharge Current test...........cocerieririeriiieeeeseeeee e 19
5.8 TMPUISE ENAUIANCE TESE ......eeiiiiiiiiieitiit ettt sttt et ettt e e ettt e st e e saeeneeeseeaeeneas 19
5.9 AC diSChAr@e CUITENE EEST....c..eiutitieiiiitiete ettt ettt ettt sttt ettt es et e e be et eeaeeneeseeeeeeneas 20
5.10 Alternating fOllOW=CUITENE TEST ...c..eiueetiriietieiieie ettt ettt see e seeenaeeneas 21
5.11 DC holdover test for two-electrode GDTS ........ccoeoiiiieiiiiei e 22
5.12 DC holdover test for three-electrode GDTS .........ccciiiriiiieriiiieereeeeeee e e 22
5.13 TTANSTHION TN ESE ...eeutieuietieiieitiete ettt ettt ettt sttt st e e b e bt s bt e bt e st et e es et entesseeneeeaeeneesneeaeenean 24
5.14 Tmpulse transverse VOIAZE tESE....c..eiuiiiiiieiieieti ettt ettt ettt e e 25
5.15 ACransverse VOITAZE TEST ...c..eiuieiiiiieiiiiietieet ettt sttt ettt et e st e e e e e seeeaeeneas 26
5.16 Voltage-current CharaCteriStic tESt... .. eouiiiiiiieiiiieierit ettt 27
5.17 BACKUP Q1T ZAPS -eeuveeneeteeiieitieie ettt et ettt ettt et s b e bt e b e bt e et et e es et e eat e et e et e ene e et eneeaeenean 28
5.18 FalluIe MOAE. ... .ottt sttt sttt ettt ettt ettt eaeeteeeeeaeeneas 28
5.19 Fail-(safe) SHOTT OPETALION .......oiuiiuiiiiieiiitieii ettt ettt ettt et s e e seeeaeeeeas 29

Annex A (informative) BibIIOZIaphY.......ccoocveiiiiiiieieiieiest ettt sse e e enes 30

Documents
9 Document Sharing Hub

Authorized licensed use limited to: Tsinghua UniverRRYSE@0282d Jr BRI 686@8vRE04:48 UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE C62.31-2020


http://www.avadocuments.com/doc/ieee-c62-31-2020
http://www.avadocuments.com/doc/ieee-c62-31-2020

IEEE Standard for Test Methods and Preferred Values for Low-Voltage

Gas Discharge Tube Surge-Protective Deviee Components

1. Overview

1.1 Scope

This standard applies to low voltage gas_discharge tube (GDT) surge-protective eeviee-components

for application on systems with voltages less than or equal to 1000 V rms or 1500 4266 V dc. These
protective components deviees are designed to limit voltage surges on balanced or unbalanced
communication circuits and on power circuits operating from eireet—eurrent{dc) to 420 Hz. This
standard contains a series of standard test criteria for determining the electrical characteristics and

ratings of gas_discharge tube surge-protective components devices.

The tests in this standard are intended as design tests as defined in The [EEE Standards Awthevitative

Dictionary Online QFI—EE;%%&-H&Z&-M—T&%S—EB—I—}} and provide a means of comparison among various

gas_discharge tube surge-protective e]:e%ﬁiee—components.;‘z

Gas_discharge tubes tube-devices are used to provide over-voltage protection in electrical circuits.
When the breakdown (sparkover) voltage of the gas discharge tube is exceeded, the normal high-
impedance state of the tube changes to a low-impedance state to allow the gas_discharge tube to
conduct the surge discharge current. After the tube conducts the surge discharge current, it

interrupts the flow of power follow current and returns to its high-impedance state.

This standard's test criteria and definitions provide a common engineering language that is

beneficial to the user and manufacturer of gas_discharge tube surge-protective components eewieces.
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CAUHON

Due to the voltage and energy levels employed in the majority of tests contained herein, all
measurements should be considered hazardous dangereus and appropriate caution should be taken

in their performance.

1.2 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the

standard and from which no deviation is permitted (shall equals is required ’co).lf2

The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).

2. Definitions

For the purposes of this document, the following terms and definitions apply. The [EEE Standards
Authoritative Dictionary Online ef HEEE-Standard—Terms—{BH should be consultedreferenced for terms

not defined in this clause.2

arc current: The current that flows after breakdown when the circuit impedance allows a current

that exceeds the glow-to-arc transition current. Sometimes called Si#: arc mode current.

1The use of the word must is deprecated and cannot be used when stating mandatory requirements, nust is used only to describe

unavoidable situations.

2The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.

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

and one can be created at no charge on the dictionary sign-in page.
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arc voltage: The voltage drop across the gas discharge tube during arc current flow. Sometimes

called S##: arc mode voltage.

back-up air gap gas discharge tube devices: An air gap deviee-connected in parallel with a sealed

gas_discharge tube-dleviee, having a higher breakdown voltage than the gas_discharge tube, which
provides a secondary means of protection in the event of a venting to atmosphere by the primary

gas_discharge tube-eeviee.

balanced voltage limiting: The simultaneous or near simultaneous breakdown of two gas discharge

tube surge-protectivedeviee components in response to a longitudinal (common mode) voltage.

NOTE—The two gaps are usually combined in a single, three electrode gas_discharge tube surge-

protective ée*éee—component.i 3

breakdown: The abrupt transition of the gap resistance from a practically infinite value to a

relatively low value. In the case of a gas discharge tube gap, this is sometimes referred to as

sparkover or ignition. See: sparkover.

breakdown voltage, ac: The minimum rms value of a sinusoidal voltage at frequencies between 15

Hz and 62 Hz that results in gas discharge tube sparkover.

breakdown voltage, dc: The minimum dc voltage with a ramp rate (100 V/s to 2000 V/s) that will

cause breakdown or sparkover when applied across the terminals of a gas discharge tube.

current turnoff time: The time required for the gas_discharge tube to restore itself to a non-
conducting state following a period of conduction. This definition applies only to a condition where
the gas discharge tube is exposed to a continuous specified dc potential under a specified circuit

condition.

dc holdover: In applications where a dc voltage exists on a line, a holdover condition is one in which
a surge-protective component dewiee continues to conduct after it is subjected to an impulse large
enough to cause breakdown. Factors that affect the time required to recover from the conducting

state include the dc voltage and #ke-de-current.

4 3Notes in text, tables, and figures ef-a—standard are given for information only and do not contain requirements needed to

implement the standard.
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dc holdover voltage: The maximum dc voltage across the terminals of a gas_discharge tube under

which it may be expected to clear and return to the high impedance state after the passage of a

surge, under specified circuit conditions.
discharge current: The current that flows through a gas discharge tube when sparkover occurs.

discharge voltage: The voltage that appears across the terminals of a gas discharge tube during the

passage of discharge current.

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

respect to discharge current.

failure: The termination of the ability of an item to perform a required function.
NOTE 1—“Failure” is an event, as distinct from “fault,” which is a state.

NOTE 2 —A failure usually results in a fault state.

fault: A state causing inability to perform a required function.

NOTE 1—Inability during preventive maintenance or other planned actions, or due to lack of

external resources does not constitute a fault state.

NOTE 2—A fault is often the result of a failure of the item itself, but may exist without prior failure.
failure mode: A manner in which failure occurs.

NOTE—A failure mode may be defined by the function lost or the state transition that occurred.

follow current: The current from the connected power source that flows through a gas discharge

tube during and following the passage of discharge current.

gas discharge tube-surge-arrester{gas-tube surge-protective deviee-component): A gap, or gaps, in
an enclosed discharge medium, other than air at atmospheric pressure, designed to protect

apparatus or personnel, or both, from high transient voltages.
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