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Abstract: Direction and methods for qualifying permanent connections used for substation
grounding are provided in this standard. This standard 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.

Keywords: conductor, conductor combination, connection, connection thermal capacity, control
conductor, current loop cycle, equalizer, grid system, grounding, grounding connection,
IEEE 837™, permanent connection
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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 Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

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.
Volunteers 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 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.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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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, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

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

Comments on standards should be submitted to the following address:

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

Laws and regulations

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

Copyrights

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

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

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

Errata

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

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.icee.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 837-2014, IEEE Standard for Qualifying Permanent Connections Used in
Substation Grounding.

Working Group E9 of the IEEE PES Substations Committee began updating the standard in 2008. This
standard has been updated to fulfill a need for standardization of terminology and test requirements for
permanent grounding connections. The most significant changes were made to the EMF test criteria that
address the connections to above-grade rigid structures and equipment ground pads. 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 provides 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 installation. This standard addresses the parameters for
testing grounding connections on copper, steel, copper-bonded steel, copper-clad steel, galvanized steel,
and stainless steel.

i Documents
Copyright © 2014 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 06:49:48 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 837-2014


http://www.avadocuments.com/doc/ieee-837-2014
http://www.avadocuments.com/doc/ieee-837-2014

Contents

L. OVETVIEW ...ttt sttt ettt ettt st h e ettt st b e bbbt es et et e bt s h e e bt e bt eh e e st est et e st e e b e sbeebeeaeennennens 1
L BT oL OO OSSOSO STRTRPPPTOP 1
LL2 PUIPOSE .ottt ettt ettt ettt et e b e st e bt e s ab e e bt e et e e bt e e st e ettt e s et e ettt e sabeebbeesabeenateenabeenaes 1

2. NOTIALIVE TEIRIETICES  ...uveiuteiuiiiiie ittt ettt ettt et et et et st e s a e st e e bt e st e es b e et ee st e e be e beemseemeesaeesbeenbeeneeenneens 2

3 DIETINITIONS ..ttt ettt ettt s a et e bt e a e eat e s bt e b e e bt e bt e et e s et e s et e e bt et ent e ea et en e e bt e b e et enbeeeeesaeenee 3

4. QUALTTICATION TESES ...uviieutieiieeeiieeieeettesteeeteesteessteesbeeesseessseeasseessseeasseessseeasseesssaeasseesnsaensseesnseensseessseenssennn 3

5. PerfOrMANCE CIITETIA ...eouvieutiiiiiitieitiet ettt ettt ettt b et ettt s et e sbe et et e estees e e ebeenbe e beembeemeesaeenee 4
ST GOIECTAL ...ttt h e bbbt ettt at e bt e bt et ea bt eat e bt e nbeenbean 4
5.2 MECRANICAL TESTS ....veieiiieiieiieit ettt sttt ettt et ea e eb e b e bt et e st e s et e sbeenbe et e enteeneeebeenbeenbean 4
5.3 SEUENLIAL LESES ..eeuviiuieriieriieie et et et e et et et e e stesetesete st esseesseessesseeseenseenseensesnsesseasseanseenseensenssenseensenn 5

6. TSt PIOCEAUIES. .....eeeniieniieiiieiieeiieetee et et e et e sateste e bt esseessesaaessee s e esseensesssesseesseenseanseanseensensaensaenseensennsesnnennes 9
0.1 GEIMETAL ...ttt ettt s b et a et et b e h e bt et e a et st be st b et enten 9
6.2 Mechanical teSt SAMPIES .........ccvieiieiieiiesiiereete et et e st et et e et e eaeste e seesseessesseessee st enseenseensesssenseensens 9
6.3 Sequential teSt SAMPLES ......cecuieriieiieiieiereet ettt et et e st e st e b e e e e nte st e st e st eseenseenaeenaensaennean 9
6.4 CONNECHIONS AESCTIPTION. .. veeutieutieiiieieeetierteesieeteetestesetesteeteesteeseesseesseenseenseensesseesseesseenseenseensesseenseenses 9
6.5 TSt CONMAUCTOTS ...ttt ettt ettt ettt ettt s bt ettt e a e ea e sb e e b e e bt em bt eseesaeesbeesbeenbeenteeneeebeenbeenbean 9
6.6 Test asSeMDBLY METNOAS ......eeiiiieiiiiiie ettt e et e e s beeesbeesnbeeenseesnseeenseens 9
6.7 CONNECTION PIEPATALION. ....vveetreetreeiieertieestreesteeeteeesseessaeasseessseeasseesseeasesssseessseesssesessessnsesssseesssessssees 9
6.8 TNSTAIIALION ...ttt ettt sttt ettt et e a e s b e b e e bt et et et s et saee et e e enee 10

7. IMECRAMICAL TEST ...ttt ettt ettt ettt e a et s bt e b et e bt e st e she e sae e bt et et e enteeaeeebeenbeens 10
To1 GEINETAL ..ttt bbbttt et b e h b bt h et ettt b e sae bbbttt e b e 10
7.2 Electromagnetic force (EMF) tSt.......ccuiviiiieiieiiieieesee sttt se e 10

8. Current-temMpPEerature CYCIING tESt .....c.veiieriierieeieeiteete et et ettt e ete st e st et eseeaesaeeseeesseeseenseenseessensnenseens 17
8L GEIMETAL ...ttt ettt b e bbbt a et ettt b e e b ettt benae e 17
8.2 Current-temperature CYCING tEST .....cvievirierieriieitieie et ete sttt et eae s et e se e b e e e snsesseesneesseenseenes 17
8.3 AMDIENt CONAILIONS. ....euiiieieiieriietieieete ettt et e e et e seesseessee st esseenseesseessenseeseenseensesnsesseesneenseenseenes 18
8.4 CONLIOl CONMAUCTOT ...ttt ettt sttt ettt et ettt e bt e bt e be e s e satesbeesbeenaeeneeenee 18
8.5 CUITENE CYCLIINE ..eentieieeiie ettt ettt sttt ettt et e at e s b e bt e bt et e et e saeesbeesbeenaeebeenee 18
8.6 Current cycling 100p CONTIGUIATION . .......eiuiiiiiiitieitieie ettt st s 20
8.7 Current CyCling MEASUTCINEIIES. ......eeuvieutietieitiertiete ettt et sttt ee bt et et ette st ee bt e bt enbeestesaeesaeesaeenaeenseenee 21

0. FIEEZE-TRAW @S-ttt ettt ettt h e b e b ettt et e he e saee bt et et en b e eneeeheenbeens 22
0.1 GOINETAL ...ttt ettt h ettt et e a e e b e b e bt e b ettt s aeeeaee bt e b enee 22
0.2 FIEEZE-TNAW LEST....veeuieiieieieeiiesie ettt et e et te et et et e te et e st e satessee st enseenseesaesssenseenseensennsesnsesseesneenseensennes 22
9.3 Freeze-thaw test samples and their configuration.............c.cceeverieiiieiiecienieeeeeeee e 22
9.4 Freeze-thaw teSt CQUIPIMENL .......eertieeieieeeieeiieetiesteeteetesteseeeseeeseeseeenseeseesssesseenseensesnsesnsessnesseesseenseenes 22
0.5 Freeze-thaw tESt CYCIC.....ciiiiieiietieie ettt ettt et e s et et e e et e easesneesneesseenseenes 22

10, COTTOSION TESES ..uveuteutetiteeteetteat ettt ettt ettt ettt b e sbeeb e bt eb s et et e bt s et e bt e bt eb b et et e be st e ebeebeebeeneentenbeneenes 23
TO.T GOICTAL ...ttt ettt b ettt bt bbbt bt et et e bbbt ebe bt et et et e e b 23
10.2 COTTOSION TESE-SAIL SPTAY ..vvievieeiiieieieeiiieerieeitteestte ettt esteeesteeesteeebaeesseeesseeseeesaeessaeessseeseesnsseenseennses 23
10.3 Corrosion test-acid (HINO3) c.uuiiiiieiieiiiieiie ettt et et eebveeaeeetaeesaeesssaeesaeensaeenseeenses 24

L1 FaUIt-CUITENE TEST....ccuiiutiiiie ittt ettt sttt et et ea e e bt e b e bt e e et e satesbeenae e bt entesmeesbeenbeens 26

, Documents
Copyright © 2014 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 06:49:48 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 837-2014


http://www.avadocuments.com/doc/ieee-837-2014
http://www.avadocuments.com/doc/ieee-837-2014

J O € 13T 1 PR 26

11.2 FAUIE-CUITEIE TSE....c.ttetietieieeie ettt ettt st e et e a e s b e s bt e b et e emteseeesaeenbeeneeenee 26
11.3 Fault-Current teSt SAMPIES .......eeiuiierieiiiieriie et ete ettt este et et eeteeesteeebbeeaeeetaeessaeensaeensaeensseenseeennes 26
11.4 Fault-current test CONTIZUIALION ........couiiriieiiieiiiiesierieee ettt ettt e eeae st e e e e ensesnaesneesseeseenes 26
11.5 Fault-current teSt dUTAtION. .......co.evireririeteteterteete ettt sttt st ettt aes 26
11.6 Fault-Current teSt CUITEINL. ......cuertiriirterieeiieiteitete sttt ettt ettt sttt st ettt et et et besbe bt et et ebeneenbes 26
11.7 Fault-current NUMDET Of SUIZES........ccoieriieiieieeiiesiieteeie et ste sttt esae st et enseenaesnaesneesseenseenes 27
11.8 Pass/Fail fault-current test eValuation............ccoecuerieriesiesie et enes 27
Annex A (informative) BiDLIOGIaAPRY ......cocvieiiiiiiiieiieii ettt ettt 28
Annex B (informative) Nitric-acid dilUtiOn .........c.eeeiiiriiiiiiierieeciiecie ettt see e sae e e seaeeenees 29
Annex C (normative) Conductive ampacity calculation..........ceevcuierciieniieniieeniienieeeie e sre e sve e 30
Annex D (informative) Test SEQUENCING. ........eeuuiitiiriiriiiieiie ettt ettt ettt ettt st sbe et et eseesaeesbeens 40
Annex E (informative) Effects of asymmetrical currents and multiple conductor test requirements............ 42
. Documents
Copyright © 2014 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 06:49:48 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 837-2014


http://www.avadocuments.com/doc/ieee-837-2014
http://www.avadocuments.com/doc/ieee-837-2014

IEEE Standard for Qualifying
Permanent Connections Used in
Substation Grounding

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers 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.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers. html.

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
material should satisfy all of the criteria for connections as outlined in IEEE Std 80™ [B3].!

! The numbers in brackets correspond to those of the bibliography in Annex A.
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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 A363-03el, Specification for Zinc-Coated (Galvanized) Steel Overhead Ground Wire.?

ASTM AS510/A510M-11, Standard Specification for General Requirements for Wire Rods and Coarse
Round Wire, Carbon Steel.

ASTM A752-04, Specification for General Requirements for Wire Rods and Coarse Round Wire, Alloy
Steel (Metric).

ASTM B1-01, Standard Specification for Hard-Drawn Copper Wire.

ASTM B8-11, Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-
Hard, or Soft.

ASTM B49-10, Standard Specification for Copper Rod Drawing Stock for Electrical Purposes.
ASTM B105-05, Standard Specification for Hard-Drawn Copper Alloy Wires for Electric Conductors.
ASTM B117-11, Standard Practice for Operating Salt Spray (Fog) Apparatus.

ASTM B172-10, Standard Specification for Rope-Lay-Stranded Copper Conductors Having Bunch-
Stranded Members, for Electrical Conductors.

ASTM B173-10, Standard Specification for Rope-Lay-Stranded Copper Conductors Having Concentric-
Stranded Members, for Electrical Conductors.

ASTM B174-10, Bunch-Stranded Copper Conductors for Electrical Conductors.
ASTM B227-10, Standard Specification for Hard-Drawn Copper-Clad Steel Wire.
ASTM B228-11a, Standard Specification for Concentric-Lay-Stranded Copper-Clad Steel Conductors.

ASTM B229-12, Standard Specification for Concentric-Lay-Stranded Copper and Copper-Clad Steel
Composite Conductors.

ASTM B258-02, Standard Specification for Standard Nominal Diameters and Cross-Sectional Areas of
AWG Sizes Solid Round Wires Used as Electrical Conductors.

ANSI/NEMA GR 1, Grounding Rod Electrodes and Grounding Rod Electrode Couplings.*

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

* NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA
(http://global.ihs.com).
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3. Definitions

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

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 are joined by a connection.

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

connection thermal capacity: The 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.

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.

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

equalizer: A device to 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.

permanent connection: A 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

For qualification test sequence, refer to Annex D. Qualifications tests shall be performed for each family of
connections, for example: (cable to cable straight connection, tap connection, cross connection), (cable to
ground rod connection), (cable to lug connection), and (cable to structure connection).

Qualification tests shall be performed for each style of connection. For example, crimped lug connections
and lugs using bolted pressure plates to secure the cable are considered different styles. Therefore, both
connectors are required to be tested to qualify the styles. Other examples of different connector design
styles include cable to cable and cable-cross design styles. Within a family of connectors, more robust
connectors need not be tested. For example, bolted pressure plate lugs using four (4) bolts need not be
tested if two (2) bolts lugs have been tested successfully for the same size. Similarly, for a family of
connectors tested for 4/0 AWG Copper or 19/#8 Copper Clad Steel (at 90% of fusing test current for the
EMF test); smaller sizes may be qualified by passing only the initial resistance tests from 5.3.2.1. For these
smaller sizes, no other tests are required. However, connections for larger conductors specified in footnote
b of Table 3 shall be tested for each size connection.

When a connector design allows for a range of conductors, each of the tests outlined in Table 1 and
Annex D must be performed on the “largest to largest” combination as well as the “largest to smallest”

*IEEE Standards Dictionary Online subscription is available at:
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html.
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combination. Connectors shall be tested for all materials for which they are intended to be qualified per this
standard. For example copper-clad steel conductors and connectors that are designed to be used on copper-
bonded steel ground rods must be qualified by all of the tests in this standard. Several test parameters for
connectors for use on 40% copper-clad steel conductors and copper-bonded steel ground rods are based
upon electrical equivalency of copper conductors as listed in Table 5. The test parameters for conductors
and ground rods not listed in Table 3 shall be calculated as per Annex C.

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. If during the testing, one of the four test
samples fails, the testing must be discontinued. A group of four new samples from a different lot can then
be retested. If one of the samples from the new group fails, the connector design does not meet the
requirements of this standard and is considered as failed. This is applicable to all of the tests detailed in

Table 1.
Table 1—Qualification test sequence and quantities®
Test Clause Number of samples per test”
Mechanical Tests 7.2 4
—FElectromagnetic Force Test
Sequential test groups | - 4 for salt spray sequence
—Current-temperature cycling 8.1-8.7
—Freeze-thaw 9.1-9.5 4 for acid sequence
—Corrosion—salt spray, acid 10.1-10.3
—Fault current 11.1-11.8

# See Annex D for additional information.
® These are the 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 Electromagnetic force (EMF) withstand criteria

When tested in accordance with 7.2, the connector shall remain intact. The maximum allowable movement
of the test conductor at each location shown in Figure 1 after two EMF surges shall not exceed either
10 mm or the outer diameter of the conductor, whichever is less (note in Figure 1, “X” illustrates what is
meant by movement).
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Figure 1—Movement illustration

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.

5.3.2 Resistance criteria

The resistance of the connection, calculated per 5.3.2.1 and tested in accordance with Clause 8, Clause 9,
10.1, 10.2, and Clause 11 for the salt spray sequence, and Clause 8, Clause 9, 10.1, 10.3, and Clause 11 for
the acid sequence, shall not be greater than the specified values when compared to the initial resistance
value. Resistance measurements shall be taken in accordance with 5.3.2.3. The resistance values shall be
corrected to 20 °C.

5.3.2.1 Initial resistance criteria

Resistance measurements shall be taken at the start of the testing and at intervals during the testing as indi-
cated. The ambient temperature shall be recorded at the time of each set of resistance measurements. The
initial resistance for the sample connection under test is determined as follows within the next seven (7)
steps:
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1) The resistance of the control conductor (Rcci) shall be determined through measurement. When

2)

3)
4)

5)

6)

measuring the control conductor resistance, equalizers shall be used to establish an equipotential
plane across all strands of the conductor. Equalizers are not necessary on solid conductors. See
8.4, 10.3.4, and 10.3.6 for further descriptions of the control conductors. If the conductor has a
known resistivity, then the measured value shall be within 5% of the published resistance value for
that conductor. If the measured resistance is outside the nominal tolerance range, there may be a
problem with the test setup. Check the conductor material, conductor size, conductor hardness,
equipment calibration, oxidation on conductor strands, test probe connections, or other factors that
can affect resistance measurements before proceeding.

The length of the control conductor (Lcc; or Lecy) shall be taken between equalizers as shown in
Figure 2. The control conductor length is the distance between the points on equalizers where
resistance measurements are taken.

Leeror Leeo
' (Rccror Reco)

. Control _
Equalizer Conductor Equalizer

Figure 2—Control conductor resistance and length

If the connection under test is joining two types of conductors, a second control conductor shall be
made up. The resistance of the second control conductor shall also be measured. Follow step 1) to
determine Lcc; and Rcc, for the second control conductor.

Assemble the current cycle test loop as described in 8.6 shown in Figure 6.

Measure the length (LSamplel) from an equalizer to the center of the connection, as shown in Figure

3. Then measure the length (L ) from the center of the connection to the opposite equalizer.

Sample2
Measure the total resistance (R ) across the entire connection sample from equalizer to

equalizer. See Figure 3.

All resistance measurements shall be temperature corrected to 20 °C (R,y) before evaluating the
sample connection. Equation (1) shall be used to correct the resistance measurements.

] Documents
Copyright © 2014 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 06:49:48 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 837-2014


http://www.avadocuments.com/doc/ieee-837-2014
http://www.avadocuments.com/doc/ieee-837-2014

