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| EEE Standar ds documents are devel oped within the Technical Committees of the | EEE Societies and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and without
compensation. They are not necessarily members of the Ingtitute. The standards devel oped within IEEE represent a
consensus of the broad expertise on the subject within the Institute as well as those activities outside of |EEE which
have expressed an interest in participating in the development of the standard.

Use of an |IEEE Standard iswholly voluntary. The existence of an | EEE Standard does not imply that there are no other
waysto 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
|EEE Standard is subjected to review at least once every five years for revision or reaffirmation. When a document is
more than five years old, and has not been reaffirmed, it is reasonable to conclude that its contents, athough 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.

Commentsfor revision of |IEEE Standards are welcome from any interested party, regardless of membership affiliation
with |EEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments.

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 |EEE, the Institute will initiate
action to prepare appropriate responses. Since |EEE Standards represent a consensus of all concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason
| EEE and the members of itstechnical 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 on standards and requests for interpretations should be addressed to:

Secretary, | EEE Standards Board
345 East 47th Street

New York, NY 10017

USA

| EEE Standards documents are adopted by the Institute of Electrical and Electronics Engineers without regard to
whether their adoption may involve patents on articles, materials, or processes. Such adoptions does not assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting the standards
documents.
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Foreword

(This Foreword is not a part of IEEE Std 837-1989, IEEE Standard for Qualifying Permanent Connections Used in Substation
Grounding.)

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

Many types of connectors are available that may be used as permanent grounding connections even though they were
designed for use as power connectors. This standard has been written to provide a meaningful reproducible test
program that will enable connector 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 installation.

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

Comments, corrections, and suggestions for the next revision of this standard are welcome and should be submitted to
the Secretary, |EEE Standards Board 345 East 47th Street New York, NY 10017.

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

L. F. Volf, Jr., Chair

S. J. Arnot W. K. Dick N. M. Sacks

N. Barbeito L. N. Ferguson W. K. Switzer
J. B. Cannon T. S. McLenahan H. M. Tucker
E. F. Counsel S. G. Patel W. M. Werner

The following persons were on the balloting committee that approved this document for submission to the |IEEE

Standards Board:
W. J. Ackerman D. L. Garrett L. M. Laskowski
B. Y. Afsher H. R. Gilden A.A. Lebold
K B. Alman J. Grzan K. Lewis
S. J. Arnot A. Haban C. T. Lindeberg
J. D. Betz N. G. Hingorani P. H. Lips
K. L. Black M. L.Holm W. P. Long
C. J. Blattner J. E. Holladay J. A. Manedtis
W. R. Block E. F. Jones R. Matulic
R. H. Bower D. C. Johnson T. S. McLenahan
S. D. Brown G. Karady S. P. Mélicopolos
D. E. Buettner J. J. Keane C. Minshew
J. B. Cannon R. P. Kell P. R. Nannery
J. W. Cheever F. F. Kluge J. O'Hara
S. Cluts D. F. Koenig T.J. Orrell
E. F. Counsel T. J. Kolenda J. Oswald
F. A. Denbrock A. E. Kollar J. Paoluzzi
W. K. Dick I. H. Koponen S. G. Patel
C. C. Diemond L. W. Kurtz R. J. Perina
P. R. Dolan K. C. Labbe T. A. Pinkham
L. N. Ferguson D. N. Laird D. G. Rishworth
Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 06:47:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 837-1989


http://www.avadocuments.com/doc/ieee-837-1989
http://www.avadocuments.com/doc/ieee-837-1989

B. D. Russell J. G. Sverak R. J. Wehling

J. Sabath W.K. Switzer W. M. Werner

D. R. Schafer E.R. Taylor B. W. Wray

R. C. St. Clair R. M. Tucker R. M. Youngs
L. F. Walf, Jr.

When the |EEE Standards Board approved this standard on January 3, 1989 it had the following membership:

Donald C. Fleckenstein, Chair
Marco Migliaro, Vice Chair
Andrew G. Salem, Secretary

Arthur A. Blaisdell John W. Horch L. Bruce McClung
Fletcher J. Buckley Jack M. Kinn Donald T. Michael*
James M. Daly Frank D. Kirschner Richard E. Mosher
Stephen R. Dillon Frank C. Kitzantides L. John Rankine
Eugene P. Fogarty Joseph L. Koepfinger* Gary S. Robinson
Jay Forster* Irving Kolodny Frank L. Rose
Thomas L. Hannan Edward Lohse Helen M. Wood
Kenneth D. Hendrix John E. May, Jr. Karl H. Zaininger
Theodore W. Hissey, Jr. Lawrence V. McCall Donald W. Zipse

*Member Emeritus

Documents

iV Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 06:47:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 837-1989


http://www.avadocuments.com/doc/ieee-837-1989
http://www.avadocuments.com/doc/ieee-837-1989

CLAUSE PAGE

1 SCOPE AN PUIMIOSE ...ttt ettt aeebe bt sbe et e s bese e e e e e e e meeaeebeaaeeaeebebesee s entenseneeneebesaeanseneaneaneas 1
R S oo o TSSOSO RUPPR 1
O 1 001 =TSRSS 1
2 L L= 1= 10 = RSP 1
3 DEFINITIONS. ... ettt st e e e st e et e e be et e s teestesaeesaesaeesbesbeesteessebeeaseabeenseensenteensesaeensesanennens 2
4, L@ UE= N o= (T T == £ RRRROSRR 3
5. S a0 = 00X O 1 1= - VRSSO 3
LS TR  C 0 - 3
IV 1= g 7= 1 o= R = S 4
LGRS~ o (11 11 R 1= S 4
6 TESE PrOCEUAUNES ...t e b bbb 5
TR0 = 0 - 5
6.2 MEChANICal TESt SAMPIES.....ceeeeeeeietieere ettt e e et e e e e e e s e eseeseeaesbesteseeseentense e eneenennn 5
6.3 SeqUENtIAl TESE SAMPIES .....ececeeeeeietiee ettt e e et e e e e e e seeseeseesesbesbeseeseensense e eneennnnen 5
L o g aT=ox (o B DTS v o o o IS 6
LR I === B o o (1 (o P 6
6.6 TSt ASSEMDIY MELNOUS.......ceeeiieieeiee sttt se e re b e besee st e e e e e eneennens 6
S Oa g o= ot i To AT 1= o= - 1o o S 6
L3RS 1 0T =1 oo 6
7. = ot g I RSP 6
8 R €T 0= - | O RRRRTRPR 6
7.2 MEChANICal PUITOUL TESL.......ccueiieceiecie ettt ettt st st e st e e e e sbeeeesaeesesaeebesreesbesraentesaeenreernennas 6
7.3 EleCtromagnetiCc FOICE TESE ......cuiieieiieete ettt bbb bbbt b ettt b 7
8. Current-TempPerature CYCHING TS ....cvciiiie it e et st e e e e e eaeesessesresbestesaeaesaeneeneesensesaennens 9
ST T o - 9
8.2 Current-Temperature CYCHING TESE......ccviiieiereereere e eeee s sre e e et e te e se e se s e s sestesresresrensesaeneeneennens 9
TG TN 001 011 Ao g [ 1 o] 0= 10
ST o 1 0] To 1 (o S 10
I O 4 = o @1 Yo [ g 10
3 ST o To o @l q) {10 1o o 10
e I\ == S [ 0T USRS POPPR 11
9 [ = =l W AT T = SRRSO 13
LS N0 T 0 - 13
S o (=l I = VT I SR 13
9.3 Test Samplesand Their ConfigUIBLION .........cceiiiirerereicieee et sre e sresrenen 13
9.4 Freeze-Thaw EQUIPMENT ......cc.c et s et s et e e e e e e eneeaessesaesresbeseeseensensennennenens 14
9.5 Freezing and ThawWing CYCIE ...ttt e r et e s aesaeaenee e ennenens 14
0.6 RESIStANCE MEASUINEIMENES .....c.eeveuiceeetieieseste e s e srete e see e esesse s e ssestestesaessesseseesessesessessessesteseeseensensessensasens 14
y Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 06:47:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 837-1989


http://www.avadocuments.com/doc/ieee-837-1989
http://www.avadocuments.com/doc/ieee-837-1989

CLAUSE PAGE

10. (O00 g (0 1S o I == TSRO 14
JO. L1 GENETAL ...ttt ettt e et e et e e e e st e eaeesaeeeeteeeaeesateesaeeeaeeeabeesaaeebeesaeeeaeeatessbeeeaeesreeereeareeias 14
10.2 Nitric ACI TESE (HNOR) ...vviiiiiiiereteieiete ettt 14
O RS T o - A I = TSSO 17
11. L UL O = 0| A 1= 17
TAL GRNETAL ...ttt ettt e et et e e e e e st e eae e eae e e teeeaaeeateesaaeeaeeteesaeebeesaeseaeeateesbeeeaaeesreeaareeareeins 17
O U [ O 4 (=T | = TR RRR 17
I IS s oo =TRSO SRS 18
I o 1o 0 = 1 o SRR 18
RSN = U LU= o o 18
IS e U O = o | R 18
10,7 NUMDES OF SUMGES .....veiveiticiesiesieee ettt st te s e te e e et es s sessestesteseeseentesaeaeneeseeseaseasentesaeseensensensens 18
11.8 RESISLANCE M EASUMEIMIENES ...ttt et e etesste et s sae s e stesebessabessbessaes e bessaessabessbessneeeabessasesnseesressnseebessnns 18
S YT = I 7= LU= oo 18
12. [ T] o] oo (=" ] 2SR 18
Annex A (informative) Nitric-ACid, DITULION ......ccueiieceeieeeeee sttt s enesnesnenrenns 20
Annex B (informative) Conductor Ampacity Calculation [B4] and [B12] .....cccoeeeeieeeierinenesesese e seeee e 21
v Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 06:47:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 837-1989


http://www.avadocuments.com/doc/ieee-837-1989
http://www.avadocuments.com/doc/ieee-837-1989

IEEE Standard for Qualifying Permanent
Connections Used in Substation
Grounding

1. Scope and Purpose

1.1 Scope

This standard provides direction and methods for qualifying permanent connections used for substation grounding. It
particularly addresses the connectors used within the grid system, connectors used to join ground leads to the grid
system, and connectors 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 connectors meeting the requirements of this standard
will perform in a satisfactory manner over the lifetime of the installation provided that the proper connectors are
selected for the application and that the connectors are installed correctly.

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.

[1] ANSI/IEEE Std 100-1988 | EEE Standard Dictionary of Electrical and Electronics Terms.*

[2] ASTM A363-83, Specification for Zinc-Coated (Galvanized) Steel Overhead Ground Wire Strand.?

[3] ASTM A510-82, Specification for General Requirements for Wire Rods and Coarse Round Wire, Carbon Steel.
[4] ASTM A752-83, Specification for General Requirements for Wire Rods and Coarse Round Wire, Alloy Steel.
[5] ASTM B1-85, Specification for Hard-Drawn Copper Wire.

1IANSI/IEEE publications are available from the Sales Department of ANSI, 1430 Broadway, New York, NY 10018, or from the Service Center,
| EEE, 445 Hoes Lane, PO Box 1331, Piscataway, NJ 08855-1331.

2ASTM publications are available from the Sales Department of American Society for Testing and Materials, 1916 Race Street, Philadelphia, PA
19103.
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[6] ASTM B2-85, Specification for Medium-Hard-Drawn Copper Wire.

[7] ASTM B3-74 (1985), Specification for Soft or Annealed Copper Wire.

[8] ASTM B8-86, Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard, or Soft.
[9] ASTM B49-78 (1983), Standard Specification for Hot-Rolled Copper Rods for Electrical Purposes.

[10] ASTM B105-88, Specification for Hard-Drawn Copper Alloy Wires for Electrical Conductors.

[11] ASTM B117-85, Method of Salt Spray (Fog) Testing.

[12] ASTM B172-71 (1985), Specification for Rope-Lay-Stranded Copper Conductors Having Bunch-Stranded
Members, for Electrical Conductors.

[13] ASTM B173-71 (1985), Specification for Rope-Lay-Stranded Copper Conductors Having Concentric-Stranded
Members, for Electrical Conductors.

[14] ASTM B174-71 (1985), Specification for Bunch-Stranded Copper Conductors for Electrical Conductors.
[15] ASTM B193-87, Test Method for Resistivity of Electrical Conductor Materials.

[16] ASTM B227-70 (1980), Specification for Hard-Drawn Copper-Clad Steel Wire.

[17] ASTM B228-88, Specification for Concentric-Lay-Stranded Copper-Clad Steel Conductors.

[18] ASTM B229-85, Concentric-Lay-Stranded Copper and Copper-Clad Steel Composite Conductors.

[19] ASTM B230-85, Specification for Aluminum 1350-H19 Wire, for Electrical Purposes.

[20] ASTM B233-85, Specification for Aluminum 1350 Drawing Stock for Electrical Purposes.

[21] ASTM B236-88, Specification for Aluminum Bars for Electrical Purposes (Bus Bars).

[22] ASTM B258-81 (1986), Specification for Standard Nominal Diameters and Cross-Sectional Areas of AWG Sizes
of Solid Round Wires Used as Electrical Conductors.

[23] ASTM B317-88, Specification for Aluminum-Alloy Extruded Bar, Rod, Pipe, and Structural Shapes for
Electrical Purposes (Bus Conductors).

[24] ASTM B396-87, Specification for Aluminum-Alloy 5005-H19 Wire for Electrical Purposes.

[25] ASTM B397-85, Specification for Concentric-Lay-Stranded Aluminum-Alloy 5005-H19 Conductors.
[26] ASTM B398-85, Specification for Aluminum-Alloy 6201-T81 Wire for Electrical Purposes.

[27] ASTM B399-86, Specification for Concentric-Lay-Stranded Aluminum-Alloy 6201-T81 Conductors.
[28] ASTM B416-88, Specification for Concentric-Lay-Stranded Aluminum-Clad Steel Conductors.

[29] ASTM B609-85, Specification for Aluminum 1350 Round Wire, Annealed and Intermediate Tempers, for
Electrical Purposes.

3. Definitions

General definitions of words or terms of atechnical nature not listed in this standard shall be as defined in ANSI/IEEE
Std 100-1988 [1].2

3The numbersin brackets correspond to those of the referenceslisted in Section 2.
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CONNECTIONS USED IN SUBSTATION GROUNDING IEEE Std 837-1989

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.

conductor combination: The various conductors that may be joined by a connector.
connector: A metallic device of suitable electric conductance and mechanical strength used to connect conductors.

connector thermal capacity: The ability of a connector to withstand the amount of current required to produce a
specified temperature on the control conductor without increasing the resistance of the connector beyond that specified
in this standard.

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 connector under test.

current cycleloop: The combination of conductors and connectors that carries the current of the circuit under test.
equalizer: A deviceto provide equipotential planes for resistance measurements.

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.

per manent connection: A grounding connector 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 connectorsisgiven in Table 1. They shall be tested individually
and sequentially, as shown in Table 1.

Table 1— Qualification Test Sequence and Quantities
Minimum Number of Samples

Test Section Per Test”
Individual test group-mechanical 7.2 4
Mechanical pullout
Individual test group-electromagnetic 7.3 4
Electromagnetic force
Sequential test groups-acidic 4
Current-temperature cycling 8.1 through 8.8
Freeze-thaw 9.1 through 9.6
Corrosion-nitric acid 10.2
Fault current 11.1 through 11.9
Sequential test groups-akaline 4
Current-temperature cycling 8.1 through 8.8
Freeze-thaw 9.1 through 9.6
Corrosion-salt spray 10.3
Fault current 11.1 through 11.9

*These are the minimum number of connector samples of each connector 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
givenin5.2 and 5.3.
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