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Underwriters Laboratories Inc. (UL)

333 Pfingsten Road

Northbrook, IL 60062-2096

UL Standard for Safety for Wire Connectors, UL 486A-486B

First Edition, Dated November 15, 2003

Revisions: This Standard contains revisions through and including August 25, 2006
Summary of Topics

These revisions include the following changes in requirements:

* Revision to referenced publications to reflect correct wording and numbering to be consistent
with the harmonization Standard for Splicing Wire Connectors, UL 486C;

* Revision to remove country-specific differences for Canada and Mexico for intermixing
(direct-contact) of conductors of different materials;

e Addition of an explanatory note that insulating tubing with a VW1 rating is not equivalent to V2
rating and that the test is performed differently;

e Revision to bring the drop test in line with the scope of UL 486A-486B and to clarify that the
pass/fail criteria applies to all insulation components;

* Reword test method clauses to reflect current practice and to align with requirements originally
reflected in the UL and CSA standards;

* Revision to clarify the conduct of the pull test;

* Revision to clarify low temperature installation test requirements by deleting 9.10.1 and
incorporating into 7.10.1;

 Revision to correct the marking for the insulating cover of a splicing wire connector to be the fg\@
maximum temperature to which the insulation can be exposed; - ‘ix@\\ ‘
N\
» Revision to clarify the applicability of test sequences for non parallel connectors and “i§®\
connectors for paralleling; o S
5
 Addition to Table 5 of installation at low temperature and moisture absorption tests tg@st @{@
sequences for insulated connectors; @ \Va
oy O
* Revision to address multiple corrections and clarification to Table 11, I\%@}n er of 1{\
specimens for test; /\ @\M :
o@@ 2 @
* Reorganization and relocation of Table 30, Marking locia‘[@ﬁ%gwde g@\ WA ex and
S Q\t) ®®
* Miscellaneous clarifications and corrections. -3 ? e® - \
N 8 ) \\@‘
\ P Al

Q)
Announcement Bulletin(s): This Standarq&ﬁdeh%m&?&@ annoum:ement bulletin(s) dated March 24, 2004.
The announcement bulletin is Iocat(e)@} the end of th @@%ard
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UL Standards for Safety are developed and maintained in the Standard Generalized Markup Language
(SGML). SGML -- an international standard (ISO 8879-1986) -- is a descriptive markup language that
describes a document’s structure and purpose, rather than its physical appearance on a page. Due to
formatting differences resulting from the use of UL’'s new electronic publishing system, please note that
additional pages (on which no requirements have been changed) may be included in revision pages due
to relocation of existing text and reformatting of the Standard.

Text that has been changed in any manner is marked with a vertical line in the margin. Changes in
requirements are marked with a vertical line in the margin and are followed by an effective date note
indicating the date of publication or the date on which the changed requirement becomes effective.

The following table lists the future effective dates with the corresponding item.

Future Effective Date References
October 10, 2006 Paragraphs 6.2.5, 6.2.6 and 10.42

The new and revised requirements are substantially in accordance with UL's Proposal(s) on this subject
dated March 17, 2006.

The revisions dated August 25, 2006 include a reprinted title page (pagel) for this Standard.

As indicated on the title page (page 1), this UL Standard for Safety is an American National Standard.
Attention is directed to the note on the title page of this Standard outlining the procedures to be followed
to retain the approved text of this ANSI/UL Standard.

The master for this Standard at UL’'s Northbrook Office is the official document insofar as it relates to a
UL service and the compliance of a product with respect to the requirements for that product and service,
or if there are questions regarding the accuracy of this Standard.

UL'’s Standards for Safety are copyrighted by UL. Neither a printed copy of a Standard, nor the distribution
diskette for a Standard-on-Diskette and the file for the Standard on the distribution diskette should be
altered in any way. All of UL's Standards and all copyrights, ownerships, and rights regarding those
Standards shall remain the sole and exclusive property of UL. )

/ﬂ\&/\j//&
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or \4<\f<§ﬂ\¥‘
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise i\@
without prior permission of UL. §®
S
Revisions of UL Standards for Safety are issued from time to time. A UL Standard for Saf%y current
only if it incorporates the most recently adopted revisions. F@{ @f Q)

"
UL provides this Standard "as is" without warranty of any kind, either expressed.or m@gl “including but
not limited to, the implied warranties of merchantability or fitness for anx@@sp SsMQL > Q@
( <
In no event will UL be liable for any special, incidental, cork%g eont I;&}hrect %mgr)ﬁular damages,
including loss of profits, lost savings, loss of data, or an@t@éﬁ dam ar|5| out ‘of the use of or the
inability to use this Standard, even if UL or an authq?% resent has been advised of the
possibility of such damage. In no event shall UL’ tyégg@ny dam@%@éﬁer exceed the price paid for
this Standard, regardless of the form of the c{@iﬁn @
&
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UL will attempt to answer support requests concerning electronic versions of its Standards. However, this
support service is offered on a reasonable efforts basis only, and UL may not be able to resolve every
support request. UL supports the electronic versions of its Standards only if they are used under the
conditions and operating systems for which it is intended. UL’s support policies may change from
time-to-time without notification.

UL reserves the right to change the format, presentation, file types and formats, delivery methods and
formats, and the like of both its printed and electronic Standards without prior notice.

Purchasers of the electronic versions of UL's Standards for Safety agree to defend, indemnify, and hold
UL harmless from and against any loss, expense, liability, damage, claim, or judgement (including
reasonable attorney’s fees) resulting from any error or deviation introduced while purchaser is storing an
electronic Standard on the purchaser’s computer system.

If a single-user version electronic Standard was purchased, one copy of this Standard may be stored on
the hard disk of a single personal computer, or on a single LAN file-server or the permanent storage
device of a multiple-user computer in such a manner that this Standard may only be accessed by one user
at a time and for which there is no possibility of multiple concurrent access.

If a multiple-user version electronic Standard was purchased, one copy of the Standard may be stored on
a single LAN file-server, or on the permanent storage device of a multiple-user computer, or on an Intranet
server. The number of concurrent users shall not exceed the number of users authorized.

Electronic Standards are intended for on-line use, such as for viewing the requirements of a Standard,
conducting a word search, and the like. Only one copy of the Standard may be printed from each
single-user version of an electronic Standard. Only one copy of the Standard may be printed for each
authorized user of a multiple-user version of an electronic Standard. Because of differences in the
computer/software/printer setup used by UL and those of electronic Standards purchasers, the printed
copy obtained by a purchaser may not look exactly like the on-line screen view or the printed Standard.

An employee of an organization purchasing a UL Standard can make a copy of the page or pages being
viewed for their own fair and/or practical internal use.

The requirements in this Standard are now in effect, except for those paragraphs, sections, tables, figures,

and/or other elements of the Standard having future effective dates as indicated in the note following the /,&\@/
affected item. The prior text for requirements that have been revised and that have a future effective date ‘/x@\\ '
are located after the Standard, and are preceded by a "SUPERSEDED REQUIREMENTS" notice. ?@\2@\"\”

«f\i\,‘\" g

New product submittals made prior to a specified future effective date will be judged undg\n@ll%\‘"’\fhe
requirements in this Standard including those requirements with a specified future effectivecate, unless
the applicant specifically requests that the product be judged under the current requirements. H ver, if
the applicant elects this option, it should be noted that compliance with all th w,‘”uir énts in this
Standard will be required as a condition of continued Listing, Recognition, ar@ﬁo O\y—t@@ervices after

the effective date, and understanding of this should be signified in wrltg%)®,, @@@ Qﬁ@(\gﬁ\&
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This Standard consists of pages dated as shown in the following checklist:

Page Date
L August 25, 2006
-0 November 15, 2003
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Commitment for Amendments

This standard is issued jointly by the National Association of Standardization and Certification of the
Electrical Sector (ANCE), the Canadian Standards Association (CSA), and Underwriters Laboratories
Inc. (UL). Comments or proposals for revisions on any part of the standard may be submitted to ANCE,
CSA, or UL at any time. Revisions to this standard will be made only after processing according to the
standards development procedures of ANCE, CSA, and UL. CSA and UL will issue revisions to this
standard by means of a new edition or revised or additional pages bearing their date of issue. ANCE
will incorporate the same revisions into a new edition of the standard bearing the same date of issue
as the CSA and UL pages.

Copyright © 2006 ANCE

Rights reserved in favor of ANCE.

ISBN 1-55324-802-3
© 2003
Canadian Standards Association

All rights reserved. No part of this publication may be reproduced in any form whatsoever without the
prior permission of the publisher.

ISBN 0-7629-0920-X
Copyright © 2003, 2006 Underwriters Laboratories Inc.

Revisions of this Standard will be made by issuing revised or additional pages bearing their date of
issue. A UL Standard is current only if it incorporates the most recently adopted revisions, all of which
are itemized on the transmittal notice that accompanies the latest set of revised requirements.

The most recent designation of ANSI/UL 486A-486B as an American National Standard (ANSI)
occurred on August 25, 2006.

This ANSI/UL Standard for Safety, which consists of the First edition with revisions through August 25, _ &<
2006 is under continuous maintenance, whereby each revision is ANSI approved upon pubhcanoRK?N
Comments or proposals for revisions on any part of the Standard may be submitted to UL at any,

Proposals should be submitted via a Proposal Request in UL's On-Line Collaborative %@n ards

Development System (CSDS) at http://csds.ul.com. !
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Preface

This is the common ANCE, CSA, and UL standard for Wire Connectors. It is the second edition of
NMX-3-543-ANCE, the fourth edition of C22.2 No. 65, and the first edition of UL 486A-486B. This edition
of CSA C22.2 No. 65 supersedes the previous edition published in 1993.

This common standard was prepared by the Association of Standardization and Certification (ANCE), the
Canadian Standards Association (CSA), and Underwriters Laboratories Inc., (UL). The efforts and support
of the Technical Harmonization Committee for Connectors, of the Council on the Harmonization of
Electrotechnical Standards of the Nations of the Americas (CANENA), are gratefully acknowledged.

This standard was reviewed by the CSA Subcommittee on C22.2 No. 65, under the jurisdiction of the CSA
Technical Committee on Wiring Products and the CSA Strategic Steering Committee on Requirements for
Electrical Safety, and has been formally approved by the CSA Technical Committee.

This standard will be submitted to the Standards Council of Canada (SCC) for approval as a National
Standard of Canada.

This standard has been approved by the American National Standards Institute (ANSI) as an American
National Standard.

A UL standard is current only if it incorporates the most recently adopted revisions, all of which are
itemized on the transmittal notice that accompanies the latest set of revised requirements.

Where reference is made to a specific number of samples to be tested, the specified number is to be
considered a minimum quantity.

Note: Although the intended primary application of this standard is stated in its scope, it is important to note that it remains
the responsibility of the users of the standard to judge its suitability for their particular purpose.

Level of harmonization

This standard uses the IEC format but is not based on, nor is it considered equivalent to, an IEC standard.
This standard is published as an equivalent standard for ANCE, CSA, and UL. /g\@/

An equivalent standard is a standard that is substantially the same in technical content, except as follows: <§K§ S
Technical national differences are allowed for codes and governmental regulations as well as th ‘@\
recognized as being in accordance with NAFTA Article 905, for example, because of fundamental c@n
geographical, technological, or infrastructural factors, scientific justification, or the level of p@\@%ﬂon that

the country considers appropriate. Presentation is word for word except for editorial cha@ge @{)

@ oV

Reasons for differences from IEC @

connectors included in the scope of this standard. The IEC st s for. glectri cal w@connectors are

N
The Technical Harmonization Committee identified several IEC $®‘%s t @gfdress @Ig?;l%al wire

recognized as being generally system specific, contamm@wt e reg Lémen the relevant wire
connectors and cables in many discrete IEC standard% O" 5 k‘
Y\? " @\/
< U

The THC determined the safe use of ele \PWl(;sﬂ%b?necto \\@ dependent on the design and
performance of the wire connectors in re/,%utq\ém ot Amhh American Electrical Codes with which they are
intended to be installed. The THC a @é& such future inv ation will be facilitated by the harmonization
of the North American Electrlcal@fﬁges for wire conne\@rs with IEC installation practices.
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Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural
rules of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.

ANCE Effective Date

The effective date for ANCE will be announced through the Diario Oficial de la Federacién (Official
Gazette) and is indicated on the cover page.

CSA Effective Date

The effective date for CSA International will be announced through CSA Informs or a CSA certification
notice.

UL Effective Date

As of August 25, 2006 all products Listed or Recognized by UL must comply with the requirements in this
standard except for clauses in the following list, which are effective October 10, 2006.

Clauses 6.2.5, 6.2.6, 10.42

A UL effective date is one established by Underwriters Laboratories Inc. and is not part of the ANSI
approved standard.
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Foreword (ANCE)

The present Mexican Standard was developed by the Low Voltage Wires and Cables Subcommittee from
the Comité de Normalizacion de la Asociacion de Normalizacion y Certificacion, A.C., CONANCE, with the
collaboration of wire and cable manufacturers and users.

ANCE is an Organization for Standardization (ONN) registered by the DGN (Direccion General de
Normas) in the electrical sector and household appliances. ANCE develops Mexican Standards (NMX)
and collaborates in the development of the Mexican Official Standards (NOM); these are voluntary and
normative standards, respectively.

Conformity assessment in accordance with ANCE Mexican Standards is the responsibility of ANCE'’s
Product Certification Division.

ANCE’s Product Certification Division is accredited by the EMA (Entidad Mexicana de Acreditacion) to
certify a variety of products. Certification is carried out following the relevant procedures established and
developed by the Technical Committee on Certification in connection with the test reports produced in test
labs accredited by the EMA.

The conformity assessment activities developed by ANCE cover quality systems, test labs, and product
verification.
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Foreword (CSA)

The Canadian Standards Association (CSA) develops standards under the name Canadian Standards
Association, and provides certification and testing under the name CSA International. CSA International
provides certification services for manufacturers who, under license from CSA, wish to use the appropriate
registered CSA Marks on certain products of their manufacture to indicate conformity with CSA Standards.

CSA Certification for a number of products is provided in the interest of maintaining agreed-upon
standards of quality, performance, interchangeability and/or safety, as appropriate. Where applicable,
certification may form the basis for acceptance by inspection authorities responsible for enforcement of
regulations. Where feasible, programs will be developed for additional products for which certification is
desired by producers, consumers, or other interests. In performing its functions in accordance with its
objectives, CSA does not assume or undertake to discharge any responsibility of the manufacturer or any
other party. The opinions and findings of the Association represent its professional judgement given with
due consideration to the necessary limitations of practical operation and state of the art at the time the
Standard is processed.

Products in substantial accord with this Standard but which exhibit a minor difference or a new feature
may be deemed to meet the Standard providing the feature or difference is found acceptable utilizing
appropriate CSA International Operating Procedures. Products that comply with this Standard shall not be
certified if they are found to have additional features which are inconsistent with the intent of this
Standard. Products shall not be certifiable if they are discovered to contravene applicable laws or
regulations.

Testing techniques, test procedures, and instrumentation frequently must be prescribed by CSA
International in addition to the technical requirements contained in Standards of CSA. In addition to
markings specified in the Standard, CSA International may require special cautions, markings, and
instructions that are not specified by the Standard.

Some tests required by CSA Standards may be inherently hazardous. The Association neither assumes
nor accepts any responsibility for any injury or damage that may occur during or as the result of tests,
wherever performed, whether performed in whole or in part by the manufacturer or the Association, and
whether or not any equipment, facility, or personnel for or in connection with the test is furnished by the
manufacturer or the Association. B \@4
N
Manufacturers should note that, in the event of the failure of CSA International to resolve an issue arising i@
from the interpretation of requirements, there is an appeal procedure: the complainant should submit. {{1‘@\
matter, in writing, to the Secretary of the Canadian Standards Association. % @) e
S
If this Standard is to be used in obtaining CSA Certification please remember, when n@qngap@}mon
for certification, to request all current Amendments, Bulletins, Notices, and Techni orm nLetters
that may be applicable and for which there may be a nominal charge. For s fsw%ihf ’rmag@@br for further
information concerning CSA Certification, please address your mquwy ppli '@ns and @;stomer

Service, CSA International, 178 Rexdale Boulevard, Toronto, Ontang8 1R%QQ
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Foreword (UL)

A. This Standard contains basic requirements for products covered by Underwriters Laboratories Inc. (UL)
under its Follow-Up Service for this category within the limitations given below and in the Scope section
of this Standard. These requirements are based upon sound engineering principles, research, records of
tests and field experience, and an appreciation of the problems of manufacture, installation, and use
derived from consultation with and information obtained from manufacturers, users, inspection authorities,
and others having specialized experience. They are subject to revision as further experience and
investigation may show is necessary or desirable.

B. The observance of the requirements of this Standard by a manufacturer is one of the conditions of the
continued coverage of the manufacturer’s product.

C. A product which complies with the text of this Standard will nhot necessarily be judged to comply with
the Standard if, when examined and tested, it is found to have other features which impair the level of
safety contemplated by these requirements.

D. A product employing materials or having forms of construction which conflict with specific requirements
of the Standard cannot be judged to comply with the Standard. A product employing materials or having
forms of construction not addressed by this Standard may be examined and tested according to the intent
of the requirements and, if found to meet the intent of this Standard, may be judged to comply with the
Standard.

E. UL, in performing its functions in accordance with its objectives, does not assume or undertake to
discharge any responsibility of the manufacturer or any other party. The opinions and findings of UL
represent its professional judgment given with due consideration to the necessary limitations of practical
operation and state of the art at the time the Standard is processed. UL shall not be responsible to anyone
for the use of or reliance upon this Standard by anyone. UL shall not incur any obligation or liability for
damages, including consequential damages, arising out of or in connection with the use, interpretation of,
or reliance upon this Standard.

F. Many tests required by the Standards of UL are inherently hazardous and adequate safeguards for
personnel and property shall be employed in conducting such tests.

ﬂ
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1 Scope
1.1 This Standard applies to connectors for use with all alloys of copper or aluminum conductors, or both,
for providing contacts between current-carrying parts, in accordance with the Canadian Electrical Code,
Part I, C22.1, in Canada, the National Electrical Code, NFPA-70, in the United States of America, or the
Standard for Electrical Installations, NOM-001-SEDE, in Mexico, as follows:

a) pressure wire connectors intended to hold one or more conductor(s);

b) connectors intended for use in appliances and equipment that comply with the requirements
for such appliances and equipment;

c) soldering connectors;

d) splicing wire connectors intended for use with 4 AWG (21.2 mm?) or larger conductors;

Note: A splicing wire and cable connector taking a range of conductor sizes may include conductor
sizes smaller than 4 AWG (21.2 mm?).

e) neutral bars;

f) uninsulated connectors that are used in circuits rated 35 000 V and below;
g) ampere-rated connectors not intended for general use; and

h) insulation piercing connectors.

1.2 This Standard is intended for connectors suitable for use with conductors in the size ranges as
follows:

a) Aluminum

1) 12 AWG (3.3 mm?) and 10 AWG (5.3 mm?) solid; and

2) 12 AWG (3.3 mm3) to 2 000 kemil (1 010 mm?) stranded, Class B concentric, &
compressed, and unidirectional lay compact. /\(@\E\ y
b) Copper «<§®®\»
o 6\,\;\’ -
1) 30 AWG (0.05 mm?) to 10 AWG (5.3 mm?) solid; and (\\\6\ 2
29 (/) {Q)
2) 30 AWG (0.05 mm?) to 2 000 kcmil (1 010 mm?) stranded, CIa&{@Eonce(ﬁ and
compressed, and Class C concentric. @E‘
o
& <S> )
¢) Compact-stranded copper conductors @\@( K” @ @@N
1) in Canada for 8 AWG (8.4 mm?) and Iarfg@i{\ @L
@
2) in the United States for 2 AWG\(@Q mmj ?@Iar @&ff&f
RS
3) in Mexico for 8 AWG/C%@;@mZ d larger
s < (')
QD ,
d) Rigid (solid and straligt&@ metrlc wire falllq\g@ﬁf‘mn the ranges of the above AWG sizes.
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Note: For example, a connector rated for 6 AWG — 250 kcmil may be additionally rated for 16 — 120
mm?2,

e) Other class and strand configurations as indicated by marking.

1.3 This Standard is intended for connectors suitable for currents not exceeding the ampacity of insulated
conductors rated 75°C or 90°C in accordance with the connector rating of the connector, if provided.

1.4 In the United States and Mexico, these requirements cover insulated connectors, insulating caps, and
covers intended for use at 600 volts or less (1 000 volts in a sign or luminaire) and uninsulated connectors
for use in general use circuits rated 2 000 volts nominal or less.

In Canada, these requirements cover insulated connectors, insulating caps, and covers intended for use
at 600 volts or less (1 000 volts in a sign or luminaire) and uninsulated connectors for circuits rated 2 000
volts phase-to-phase or less. Uninsulated connectors may also be used in applications up to 5 000 volts
phase-to-phase where allowed and installed in accordance with Section 36 of the Canadian Electrical
Code, Part I, C22.1.

1.5 This standard also applies to uninsulated connectors (both terminal and splicing types) for use in
circuits rated 35 000 volts or less.

1.6 This Standard does not apply to:
a) connectors intended for direct burial;

b) insulated connectors for voltage levels above 600 V (1 000 V in a sign, lighting fixture, or
luminaire);

¢) manual twist-on connectors;

d) built-in terminal connectors in devices rated less than 30 A intended for outlet box mounting
or having provision for stress relief;

e) flat quick connect terminals; and

ﬂ
f) wire binding screw terminals. 4@@» :

2 Reference Publications (<®r\§\”

@“\,\\V '
2.1 Normative references (o)\\\ﬁ\
2.1.1 For undated references to Standards, such reference shall be con&deredi@\\pgfpér t ﬁ latest
edition and all revisions to that edition up to the time when this Standard ppr@@ For dated
references to Standards, such reference shall be considered to refer to the\ ated e\/, tior al%\n@wsmns
published to that edition up to the time the Standard was approved. é\k KQQ @@ g

\1 T}K - 5 oo@y
2.1.2 ANCE Standards @J@x @W P ®
©) S a4
O m
NMX-J-508-ANCE = ® ?
Electrical Features — Safety Requirements — ebﬁ’icat:o@ Qnd Te w@t ods
« \x&‘” @@ @ @
) A\
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2.1.3 CSA Standards

C22.1-02
Canadian Electrical Code, Part | (CEC)

CAN/CSA-C22.2 No. 0.17-00
Evaluation of Properties of Polymeric Materials

2.1.4 UL Standards

UL 94
Tests for Flammability of Plastic Materials for Parts in Devices and Appliances

UL 746C
Polymeric Materials — Use in Electrical Equipment Evaluations

2.1.5 NFPA” Standard

ANSI/NFPA 70-2005,
National Electrical Code (NEC)

*National Fire Protection Association
2.1.6 NOM Standards — Mexican Secretary of Energy

NOM-001-SEDE,
Standard for Electrical Installations

2.2 Informative references
2.2.1 See Annex A for a listing of supplemental standards.

3 Units of Measurement

3.1 The values given in Sl (metric) units shall be normative, except for AWG/kcmil conductor sizes. Any fg\@
other values are for information only. 4@ ‘
‘i\
4 Definitions \i\@\\
&
4.1 For the purpose of this Standard, the following terms and definitions apply. (o)‘\,\ﬁ\

4.2 circular mil (cmil) — the area of a circle with a diameter of 0.001 inch. @\\ iu@

?;}mectln%ﬁ@s or

4.3 connector — device for connecting a conductor to an equipment ter{%@I
more conductors to each other. ‘80 é\ﬁ

4.4 control conductor — an unbroken conductor, which |s<L§|@i§§ed in murrerg&cyclmg test loop.

4.5 crimping die — that part of a crimping tool w @orn%%%@ ;Bmpg\%@ﬁﬁ/usually incorporates the
crimp anvil(s), the crimp indentor(s), and the |t|onep

)% o
i
Note: Crimping dies maé(@b@ Separate or mtegra@ @@bﬁs for compressing the insulation grip, if provided.
N

3
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4.6 equalizer — a busbar that provides a point of equipotential and uniform current flow in a stranded
conductor without adversely affecting the temperature of the connector(s).

4.7 packaging container — the container in which the unit containers are packaged.

4.8 rated current (ampere rating) — current assigned to the connector by the manufacturer.

4.9 splicing wire connector — establishes a connection between two or more conductors by means of
mechanical pressure and is not intended to be permanently mounted.

4.10 stability factor S — the measure of temperature stability of a connector during the current-cycling

test.

4.11 temperature rating — the maximum temperature of an insulated connector, assigned by the

manufacturer.

4.12 temperature rise — denotes the difference of the temperature of the connector, measured under

load, and the ambient temperature.

4.13 terminal connector — establishes a connection between one or more conductors to a terminal plate
or stud, or to any similar device, by means of mechanical pressure.

4.14 unit container — the smallest container in which connectors are packaged.

4.15 voltage rating — the maximum voltage of an insulated connector.

5 Symbols and Abbreviations

5.1 ° — Degree

5.2 A — Amps, Amperes

5.3 Al — Aluminum

5.4 AWG - American Wire Gage/gauge
5.5 C — Celsius

5.6 Cu — Copper

5.7 d — Days
5.8 f — Flexible
5.9 h — Hours

Full document details: UL 486a-486b 2006
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5.10 HgNO3 — Mercurous nitrate
5.11 Hz — Hertz, cycles per second
5.12 in — Inch, Inches
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5.13 kcmil — Thousand circular mil

5.14 m — Meter

5.15 mil — Thousandth of an inch

5.16 min — Minutes

5.17 ml — Milliliter

5.18 mm — Millimeter

5.19 mm?2 — Square millimeter

5.20 N — Newton — kilogram meter/sec?

5.21 NH4; — Ammonia

5.22 r — Rigid solid and rigid stranded

5.23 rpm — Revolutions per minute

5.24 s — Seconds

5.25 SAE - Society of Automotive Engineers
5.26 sol — Solid

5.27 str — Stranded

5.28 V - Volts

6 Construction Requirements

6.1 General /§\©
6.1.1 The design and construction of a connector intended for use with stranded conductors shall be suc i\
that all strands of the conductor shall be contained within the connector. A connector that is smtab}g\

compact-stranded conductors shall also accept all strands of a Class B concentric-stranded COI%\@IOI' of
the same size. (o)‘\\

o @

6.1.2 A connector intended for use with conductors of different sizes shall have amsm
e

that adapts to conductors of different sizes without permanent removal %@) d arts Some
examples of clamping mechanisms are: é\@® C\ o> g \
Q
& [N
a) direct bearing screws with or without use of a press ate A;i\ 5 Oo@
e e L
b) a pressure plate or plates and a screw or gsr@ oy @@

Y
e® ®
c) deformation of the connector barrg&cnmmgg@smg a s@@l tool;

\f?‘
d) a nut threading onto a S@{@éblt and ?ﬁ
ﬁ@

3
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e) an element for insulation-piercing or displacement.

6.1.3 Any rearrangement or adjustment of a connector that is necessary to adapt it to various sizes of
conductors shall be obvious unless the connector is marked as described in 10.11.

6.1.4 There shall be no sharp edges or corners on the outer surface of a connector that result in damage
to insulation that the connector contacts.

6.1.5 The construction of a connector intended to secure more than a single conductor shall be such that
there will be no intermixing (direct conductor contact) between the conductors of different materials unless
the connector is investigated and found to meet the performance requirements of this Standard and is
marked in accordance with 10.24.
6.2 Materials
6.2.1 The main current-carrying part of a connector shall be of aluminum, an aluminum alloy, copper, a
copper alloy, or other material investigated and found to meet the performance requirements of this
Standard.
6.2.2 A connector intended for use with aluminum conductor(s) or a connector body of aluminum or
aluminum alloy shall be coated with an electrically conductive coating, such as tin, that will inhibit oxidation
and corrosion. The following need not be coated:

a) a splicing connector shipped prefilled with an oxide-inhibiting compound;

b) the conductor-securing (barrel) portion of a terminal connector that is shipped prefilled with
an oxide-inhibiting compound;

c) an aluminum-bodied splicing connector that is intended for an aluminum conductor only;
d) the cut ends of a neutral bar;
e) the top cap of a lay-in connector not in contact with the wire; and

f) the mounting hole in a connector that is intended to be secured by a bolt, nut, and washer.

Note: Other coatings may be used if investigated for the purpose and found suitable. iﬁ@\l’\'
<<®\

6.2.3 Iron or steel, if protected against corrosion, may be used for screws, plates, yokes, or oghe@i%lrts
that are employed as a means of clamping the conductor, if such parts are not the primary cu@n arrying
members. {@
6.2.4 Insulation employed as a part of the connector shall be suitable fg@)ﬂ@s ate@nperature in
accordance with Table 1. C\ § \ N)

<)> % D @

L
6.2.5 The insulating material shall have a minimum flamma ie é% or VTM-2 as
determined by tests described in Annex B. The materlal th 'S f rminj flammability shall
be measured at points supporting live parts or within 6 %@n) ‘of |IV/%\@ S, wh|chever is less.

PN @ @
Note: Insulating tubing that has a a\inNg is n SIdered lent Tubing may be tested using bar
samples to achieve a V-2 m/n% /ng v_.;low W/re tegt ee 6 2.6) may be performed.
\\\

,?, ,

OO\J «@
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6.2.6 With reference to 6.2.5, a material other than V-2 or VTM-2 may be used when the insulation of the
wire connector complies with the requirements for the glow-wire test as specified in UL 746C, or CSA
C22.2 No. 0.17, or NMX-J-508-ANCE with a glow wire at a temperature of 750°C.

6.3 Soldering lugs

6.3.1 A soldering lug shall be made of copper, brass, bronze, or other material that has been shown by
investigation to meet the requirements of this Standard.

6.3.2 A lug of other than wrought copper shall be subjected to an investigation that evaluates if the lug
has performance equivalent to that of a wrought-copper lug.

6.3.3 The diameter and depth of the conductor hole, the wall thickness, and the contact area of the tang
of a wrought-copper lug shall not be less than the values specified in Table 2, according to the maximum
size of conductor that the lug is intended to accommodate.

6.3.4 The diameters and areas of screws or bolts have not been standardized, and no addition or
subtraction for these has been made in determining the areas specified in Table 2.

7 Test Requirements
7.1 General

7.1.1 A connector shall meet the test requirements when separate sets of specimens are subjected to the
applicable tests for the design of the connector as specified in Table 3 through Table 5 and in 7.10 through
7.13.

7.1.2 With reference to 7.1.1, a connector of copper or copper alloy need not be subjected to the
current-cycling sequence using copper conductor.

7.1.3 With reference to 7.1.1, the initial static-heating test need not be conducted in the static-heating
sequence using copper conductor.

7.1.4 With reference to 7.1.1, for other than a tool-applied crimp connector, the current-cycling test using
a copper conductor need not be performed when the connector has been current-cycling tested with an
aluminum conductor of a size not smaller than the size of the copper conductor required for the
current-cycling test.
<§®
Note: See Annex C for example. @j

7.1.5 Conductor sizes 30 — 20 AWG (0.05 — 0.52 mm?) need not be subjected to the S@urae(s@st in
the static-heating sequence or mechanical sequence. @\\U iu;

7.1.6 Specimen sets shall be subjected to the test sequences using the @@;\n%%ct %tenal ified in
Table 6 for the one or more conductor material combinations for w tor |s ded. The
dielectric withstand, stress corrosion, secureness of insulation @é@? te @ ure mstallatlon
tests shall be permitted to be conducted using either cop lu cond ctor®“When a connector
is rated for copper-to-copper, aluminum-to- alumln Q and nﬁﬂr to/a\num (intermixed), the
mechanical sequence with copper-to-aluminum cgﬁd@d&orsg@y e o @V

RO

Z Q
@ (\\’ ﬁ\\ @’)),
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7.1.7 A connector rated for Class 5 and 6 metric conductors (flexible stranded) shall be subjected to all
test sequences using flexible metric conductors.

7.1.8 For a connector intended to be used with aluminum and copper conductor, specimens with
aluminum conductor and copper conductor shall be subjected to the current-cycling, static-heating
sequence, and mechanical sequence tests.

7.1.9 For an aluminum-bodied connector intended to be used with copper conductor only, specimens with
copper conductor shall be subjected to the current-cycling, static-heating sequence, and mechanical
sequence tests.

7.1.10 Tests conducted on a connector with compact-stranded conductors shall represent tests with
concentric and compressed stranded conductors of the same size.

7.2 Current-cycling
7.2.1 The specimen sets shall complete 500 cycles of equal current-on and current-off operations for the
periods of time specified in Table 7, other than as noted in 9.2.2 and 9.2.5, while carrying the current

specified for the connector temperature rating and conductor size being tested.

7.2.2 The current-cycling test shall be completed without any connector exceeding a 125°C temperature
rise above the ambient temperature for any recorded cycle.

7.2.3 The stability factor "S;" (see 7.2.4) shall not exceed + 10 for connector temperature measurements
taken at approximately 25, 50, 75, 100, 125, 175, 225, 275, 350, 425, and 500 cycles.

7.2.4 The stability factor "S;" for each of the 11 temperature measurements shall be determined by
applying the following equations:

D= [dl + dz + ...+ dll)/ll]

in which: <&
x@,\& '
M - - \\ f,’\ )~
D is the average temperature deviation, @\3@*\'
<<®\’ /
\ >
i is @ number from 1 to 11 and signifies one of the 11 individual temperature measure e@
and (o)‘\\
c® <®

d, is a temperature deviation for an individual temperature measurement “\J iw

Note: The value for d; is determined by subtracting the control conductgr erat from the tor

temperature. The value for d; is a positive number when the conn s more hat of the

control conductor and a negative number when the connecto ratur s than t the control

conductor. The average of the 11 temperature dewat/on% d See A D for example.
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7.3 Static-heating sequence

7.3.1 The specimen sets shall carry continuously the value of 60 Hz test current specified in Table 7 or
Table 8 for the conductor size being tested until stable temperatures are reached without exceeding a
50°C temperature rise above ambient temperature.

Note 1: The temperature rise on an ampere-rated connector may exceed 50°C when the connector, as used |
in the intended equipment application, does not exceed the maximum allowable temperature rise permitted for
the end-use application.

Note 2: A current source may be maintained at or above the required value by regulation or frequent
adjustment.

7.3.2 The joint between a connector and the conductor shall be intact after being subjected for 30 min to
the secureness test described in 9.3.2.

7.3.3 The joint between a connector and the conductor of a specimen set shall be intact after being
subjected for 1 min to the pullout test described in 9.3.4.

7.3.4 As a result of the tests, there shall be no breakage of the conductor or any strand of a stranded
conductor, stripping of threads, shearing of parts, or other damage to the connector. Breaking of the
conductor or any strand of a stranded conductor shall be determined by examination of the complete
connector assembly while still intact after the secureness or pullout tests. Breakage has occurred if the
conductor or a strand of a stranded conductor becomes visibly unattached. Strand breakage of 5 percent
is allowed for flexible and fine stranded conductors.

7.4 Mechanical sequence

7.4.1 The joint between a connector and the conductor of a specimen set shall be intact after being
subjected for 30 min to the secureness test described in 9.3.2.

7.4.2 The joint between a connector and the conductor of a specimen set shall be intact after being
subjected for 1 min to the pullout test described in 9.3.4.

7.4.3 As a result of the tests, there shall be no breakage of the conductor or any strand of a stranded ,

conductor, stripping of threads, shearing of parts, or other damage to the connector. Breaking of the A
; o N

conductor or any strand of a stranded conductor shall be determined by examination of the complete ﬁﬁi\;w

connector assembly while still intact after the secureness or pullout tests. Breakage has occurred if t%@@\,@”

conductor or a strand of a stranded conductor becomes visibly unattached. Strand breakage of 5 pcgmgé )

is allowed for flexible and fine stranded conductors. o ©
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7.5 Dielectric-withstand test sequence

7.5.1 An insulated wire connector shall withstand, without breakdown, the dielectric-withstand tests as
specified in Table 9.

7.5.2 The insulation of an insulated connector shall not crack or break when the connector is assembled
as intended on the conductor.

7.5.3 The oven conditioning described in 9.5.2.2, 9.5.2.3, and Table 10 shall not cause the connector
insulation to harden, soften, crack, deform, loosen, or otherwise change so as to adversely affect the
insulating properties of the conductor insulation or the connector insulation.

Note: Discoloration of the connector insulation is allowed.

7.6 Secureness of insulation

7.6.1 The insulation of a connector shall not be damaged and shall not become detached from the body
of the connector when subjected to the secureness of insulation test described in 9.6.

7.7 Drop

7.7.1 A latch or a lock employed on the cover of an insulated splicing connector intended for use with a
4 AWG (21.1 mm?) or larger conductor shall not open or break when the connector is subjected to the
drop test as specified in 9.7. Cracking or breakage of the remaining insulation shall be allowed when the
assembly complies with the dielectric withstand after drop as specified in 7.8.

7.8 Dielectric withstand after drop

7.8.1 An insulated splicing connector that has been subjected to the drop test shall comply with the
dielectric voltage-withstand as specified in 9.8.

7.9 Flexing
7.9.1 Aninsulating cover employing a hinge, a latch, or a lock shall retain its resilience and shall not crack
when subjected to the flexing test specified in 9.9. X\g\@
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7.10 Low temperature installation

7.10.1 In Canada, insulated wire connectors with a thermoplastic or thermosetting material shall be
capable of being assembled in accordance with 9.10 without cracking or fracture of the insulation. This
test shall not apply to insulated wire connectors intended for factory installation only. See 10.39.

In the United States and Mexico, this requirement does not apply.

7.11 Moisture absorption

7.11.1 Porcelain or cold-molded composition used as insulation on connectors shall not absorb more than
3 percent of its mass when subjected to the moisture-absorption test as specified in 9.11.

7.12 Stress corrosion/moist ammonia (NH )
7.12.1 A copper alloy part of a connector shall be resistant to stress corrosion cracking.
Note: The moist ammonia test is considered an alternative to the mercurous nitrate test.

7.12.2 A copper alloy part containing more than 15 percent zinc shall be tested for stress corrosion
cracking.

7.12.3 A copper alloy part containing more than 15 percent zinc shall show no evidence of cracking when
examined using a 25X magnification after being subjected to the stress corrosion/moist ammonia (NH,)
test as specified in 9.12.

7.13 Stress corrosion/mercurous nitrate (HQNO ~ 3)

7.13.1 A copper alloy part of a connector shall be resistant to stress corrosion cracking.

Note: The mercurous nitrate test is considered an alternative to the moist ammonia test.

7.13.2 A brass part containing less than 80 percent copper shall not crack when subjected to the stress
corrosion/mercurous nitrate (HgNO3) test in 9.13.

8 Sampling Requirements PR
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8.1.1 See Table 11 for the minimum number of specimens for test. @)\\%\ -
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