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Abstract: Direction and methods for qualifying permanent connections used for substation
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-
ment process, approved by the American National Standards Institute, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-
opment process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained
in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-
age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fithess for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents areAsipplied “

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. Every IEEE Standard is subjected to review at least every five years for revi-
sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, 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 publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its soci-
eties and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may require use of subjgct mat-
ter covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying patents
for which a license may be required by an IEEE standard or for conducting inquiries into the legal validity or
scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, 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.
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Introduction

[This introduction is not part of IEEE Std 837-2002, IEEE Standard for Qualifying Permanent Connections Used in Sub-
station Grounding.]

This standard has been written to fill a need for standardization of terminology and test requirements for per-
manent grounding connections.

Many types of connections are available that may be used as permanent grounding connections even though
they were designed for use as power connections. This standard has been written to provide a meaningful
reproducible test program that will enable connection manufacturers to qualify their products as permanent
grounding connections. The users can then be reasonably assured that the qualified permanent grounding
connection will be capable of performing satisfactorily over the lifetime of the substation or other installa-
tion, however, these tests are not intended for service-aged connections.

This standard addresses the parameters for testing grounding connections on aluminum, copper, steel, cop-
per-bonded steel, galvanized steel, stainless steel, and stainless-clad steel.

Participants

The work of preparing this standard was carried out by Working Group D9 of the Distribution Substation
Subcommittee, IEEE Substations Committee of the IEEE Power Engineering Society. At the time this stan-
dard was approved, the members of the working group were as follows:

Sashi G. PatelChair

Gary Di Troia, Secretary
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W. K. Dick W. M. Malone W. K. Switzer

J. Merryman

The following members of the balloting committee voted on this recommended practice. Balloters may have
voted for approval, disapproval, or abstention.

H. E. Abdallah Hermann Koch Paul Pillitteri

William J. Ackerman Thomas LaRose Percy E Pool

T. M. Barnes D. Laird James Ruggieri
Charles Blattner Greg Luri Anne-Marie Sahazizian
Guru Dutt Dhingra Gary Michel Michael Sharp
William Bruce Dietzman Daleep Mohla Garry Simms
Randall Dotson Kyaw Myint David Singleton
Donald Dunn Art Neubauer D. Smith

Gary Engmann B. P. Ng Malcolm Thaden
James Gardner Albert Parsons Kenneth White

D. L. Garrett Shashikant Patel James Wilson
Edward Horgan Gene Pecora Peter Wong

R. P. Kell Luis E. Zambrano S.
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When the IEEE-SA Standards Board approved this standard on 11 November 2002, it had the following

membership:
James T. Carlo,Chair
James H. Gurney,Vice Chair
Judith Gorman, Secretary
Sid Bennett Toshio Fukuda Nader Mehravari
H. Stephen Berger Arnold M. Greenspan Daleep C. Mohla
Clyde R. Camp Raymond Hapeman William J. Moylan
Richard DeBlasio Donald M. Heirman Malcolm V. Thaden
Harold E. Epstein Richard H. Hulett Geoffrey O. Thompson
Julian Forster* Lowell G. Johnson Howard L. Wolfman
Howard M. Frazier Joseph L. Koepfinger* Don Wright

Peter H. Lips
*Member Emeritus

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Alan CooksonNIST Representative
Satish K. AggarwalNRC Representative

Andrew Ickowicz
IEEE Standards Project Editor
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IEEE Standard for Qualifying
Permanent Connections Used
In Substation Grounding

1. Overview

1.1 Scope

This standard provides direction and methods for qualifying permanent connections used for substation
grounding. It particularly addresses the connection used within the grid system, the connection used to join
ground leads to the grid system, and the connection used to join the ground leads to equipment and
structures.

1.2 Purpose

The purpose of this standard is to give assurance to the user that a connection meeting the requirements of
this standard will perform in a satisfactory manner over the lifetime of the installation, provided that the
proper connection is selected for the application and that the connection is installed correctly. Grounding
connections that meet the test criteria stated in this standard for a particular conductor size range and mate-
rial should satisfy all of the criteria for connections as outlined in IEEE Std 80™-2000 [B5]

2. References

This standard shall be used in conjunction with the following publications. When the following standards are
superseded by an approved revision, the revision shall apply.

ASTM A363-98, Specification for Zinc-Coated (Galvanized) Steel Overhead Ground Wire.

ASTM A510-96 (R2002), Standard Specification for General Requirements for Wire Rods and Coarse
Round Wire, Carbon Steel.

ASTM A752-93 (R1998), Specification for General Requirements for Wire Rods and Coarse Round Wire,
Alloy Steel (Metric).

ASTM B1-90 (R2001), Standard Specification for Hard-Drawn Copper Wire.
ASTM B2-94 (R2000), Standard Specification for Medium-Hard-Drawn Copper Wire.
ASTM B3-95 (R2001), Standard Specification for Soft or Annealed Copper Wire.

ASTM B8-99, Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-
Hard, or Soft.

1The numbers in brackets correspond to those of the bibliography in Annex A.

2ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA (http://www.astm.org/).

Documents

Docum%nt Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 06:48:01 UTC from IEEE Xplore. Restrictions apply.

Copyright © 2003 IEEE. All rights reserved.

Full document details: IEEE 837-2002


http://www.avadocuments.com/doc/ieee-837-2002
http://www.avadocuments.com/doc/ieee-837-2002

IEEE
Std 837-2002 IEEE STANDARD FOR QUALIFYING PERMANENT

ASTM B49-98 (R2000), Standard Specification for Copper Rod Drawing Stock for Electrical Purposes.

ASTM B105-94 (R2000), Standard Specification for Hard-Drawn Copper Alloy Wires for Electric
Conductors.

ASTM B117-97, Standard Practice for Operating Salt Spray (Fog) Apparatus.

ASTM B172-95 (R2001), Standard Specification for Rope-Lay-Stranded Copper Conductors Having
Bunch-Stranded Members, for Electrical Conductors.

ASTM B173-95 (R2001), Standard Specification for Rope-Lay-Stranded Copper Conductors Having Con-
centric-Stranded Members, for Electrical Conductors.

ASTM B174-95, Bunch-Stranded Copper Conductors for Electrical Conductors.
ASTM B193-95 (R2002), Standard Test Method for Resistivity of Electrical Conductor Materials.
ASTM B227-98 (R2002), Standard Specification for Hard-Drawn Copper-Clad Steel Wire.

ASTM B228-98 (R2002), Standard Specification for Concentric-Lay-Stranded Copper-Clad Steel
Conductors.

ASTM B229-95 (R2002), Standard Specification for Concentric-Lay-Stranded Copper and Copper-Clad
Steel Composite Conductors.

ASTM B230-97, Standard Specification for Aluminum 1350-H19 Wire, for Electrical Purposes.
ASTM B233-97, Standard Specification for Aluminum 1350 Drawing Stock for Electrical Purposes.
ASTM B236-95 (R2000), Standard Specification for Aluminum Bars for Electrical Purposes (Bus Bars).

ASTM B258-96 (R2002), Standard Specification for Standard Nominal Diameters and Cross-Sectional
Areas of AWG Sizes Solid Round Wires Used as Electrical Conductors.

ASTM B317-96 (R2000), Standard Specification for Aluminum-Alloy Extruded Bar, Rod, Pipe, and Struc-
tural Profiles for Electrical Purposes (Bus Conductor).

ASTM B396-87 (R2000), Standard Specification for Aluminum-Alloy 5005-H19 Wire for Electrical
Purposes.

ASTM B397-85 (R1999), Concentric-Lay-Stranded Aluminum-Alloy 5005-H19 Conductors.

ASTM B398-97, Standard Specification for Aluminum-Alloy 6201-T81 Wire for Electrical Purposes.
ASTM B399-97, Specification for Concentric-Lay-Stranded Aluminum-Alloy 6201-T81 Conductors.
ASTM B416-98, Standard Specification for Concentric-Lay-Stranded Aluminum-Clad Steel Conductors.

ASTM B609-97, Standard Specifications for Aluminum 1350 Round Wire, Annealed and Intermediate Tem-
pers, for Electrical Purposes.

NEMA GR 1-2001, Grounding Rod Electrodes and Grounding Rod Electrode Cou°plings.

SNEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA
(http://global.ihs.com/).
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IEEE
CONNECTIONS USED IN SUBSTATION GROUNDING Std 837-2002

3. Definitions

General definitions of words or terms of a technical nature not listed in this standard shall be as defined in
The Authoritative Dictionary of IEEE Standards TefiB4].

3.1 conductor: A metallic substance that allows a current of electricity to pass continuously along it. As
used in this standard, a conductor includes cable (wire), rods (electrodes), and metallic structures.

3.2 conductor combination:The various conductors that are joined by a connection.

3.3 connection:A metallic device of suitable electric conductance and mechanical strength used to join
conductors.

3.4 connection thermal capacityThe ability of a connection to withstand the amount of current required to
produce a specified temperature on the control conductor without increasing the resistance of the connection
beyond that specified in this standard.

3.5 control conductor: The conductor that is utilized to measure equivalent changes in temperature, size,
etc., that are occurring in at least one of the conductors joined by the connection under test.

3.6 current loop cycle:The combination of conductors and connections that carries the current of the circuit
under test.

3.7 equalizer:A device to provide equipotential planes for resistance measurements.

3.8 grid system:A system consisting of interconnected bare conductors buried in the earth or in concrete to
provide a common ground for electrical devices and metallic structures.

3.9 permanent connectionA grounding connection that will retain its electrical and mechanical integrity
for the design life of the conductor within limits established by this standard.
4. Qualification tests

A listing of the tests to be performed for all types of connections is given in Table 1. The connections shall
be tested individually and sequentially, as shown in Table 1.
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Table 1—Qualification test sequence and quantities 2

Test Clause Minimum number
of samples per te
Individual test group—mechanical
Mechanical pullout 7.2 4
Individual test group—electromagnetic 7.3
Electromagnetic force 4
Sequential test groups 4 per sequence
Current-temperature cycling 8.1 through 8.7
Freeze-thaw 9.1 through 9.5
Corrosion—salt spray, acid
Salt spray 10.2
Acid 10.3
Fault current 11.1 through 11.8

ee Annex D for additional information.
hese are the minimum number of connection samples of each connection design and
conductor combination tested.

5. Performance criteria

5.1 General

When installed and tested in accordance with this standard, all connections shall conform to the performance
criteria given in 5.2 and 5.3.

5.2 Mechanical tests
5.2.1 Pullout value criteria

The connection pullout value, when tested in accordance with 7.2, shall meet the minimum pullout values
shown in Table 2, with no visible movement of the premarked conductor with respect to the connection.

5.2.2 Electromagnetic force withstand criteria

When tested in accordance with 7.3, the connection shall remain intact, with no visible movement of the pre-
marked conductor with respect to the connection. The method for evaluating the initial connection resistance
and the resistance calculation at the end of the test is the same as that for the sequential test described in
5.3.2. The resistance of the connection, calculated per 5.3.2 and tested in accordance with Clause 7, shall not
increase by more than 50% (the final resistance shall not exceed 1.5 times the initial value). Resistance mea-
surements shall be recorded in accordance with 7.3.6. The resistance values shall be correted to 20

5.3 Sequential tests

5.3.1 Temperature criteria

The temperature of the connections tested in accordance with Clause 8 shall not exceed the temperature of
the control conductor.

4
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