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inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

Users 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 judgment (including reasonable


https://ulnorm.com/api/?name=UL 486A-486B 2021.pdf

tr2 MAY 5, 2021 - UL486A-486B

attorney's fees) resulting from any error or deviation introduced while purchaser is storing an electronic
Standard on the purchaser's computer system.



https://ulnorm.com/api/?name=UL 486A-486B 2021.pdf

Association of Standardization and Certification
NMX-J-543-ANCE
Fourth Edition

®

CSA Grou
CSA
™ CAN/CSA-C22.2 No. 65-18
s h GROUP Sixth Edition

Underwriters Laboratories Inc.
UL 486A-486B
Third Edition

Wire Connectors

April 27,2048

(Title Page Reprinted: May 5, 2021)

rican Natiop,
POy el al g,
oV %,

N %,
& %

S

® < N
¥y Maoien 9%y
ToNALE

ANSI/UL 486A-486B-2021


https://ulnorm.com/api/?name=UL 486A-486B 2021.pdf

Commitment for Amendments

This standard is issued jointly by the Association of Standardization and Certification (ANCE), the
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PREFACE

This is the harmonized ANCE, CSA Group, and UL standard for Wire Connectors. It is the fourth edition of
NMX-J-543-ANCE, the sixth edition of CSA-C22.2 No. 65, and the third edition of UL 486A-486B. This
edition of NMX-J-543-ANCE supersedes the previous edition published on January 11, 2013. This edition
of CSA-C22.2 No. 65 supersedes the previous edition published on January 11, 2013. This edition of UL
486A-486B supersedes the previous edition published on January 11, 2013.

This harmonized standard has been jointly revised on May 5, 2021. For this purpose, CSA Group and UL
are issuing revision pages dated May 5, 2021, and ANCE is issuing a new edition dated May 5, 2021.

This harmonized standard was prepared by the Association of Standardization and Certification]

CSA Gir
Harmoni
Standarg

This Sta

Standard.

The pres
Conduct
CONAN(

pup, and Underwriters Laboratories Inc. (UL). The efforts and support 6f the
vation Committee for Connectors, of the Council on the Harmonization<of Electrd
s of the Nations of the Americas (CANENA), are gratefully acknowledged.

hdard is considered suitable for use for conformity assessment within the stated sco
bent Mexican standard was developed by the SC 20D —“Conectadores part of the

bres from the Comite de Normalizacion de la Asociacionde Normalizacion y Certificac
CE, with the collaboration of the connectors manufacturers and users.

This stamdard was reviewed by the CSA Subcommitteeron Wiring Devices for Household ang

Use, und
Steering
Technica

er the jurisdiction of the CSA Technical Committee on Wiring Products and the CSA
Committee on Requirements for Electrical Safety, and has been formally approved by
| Committee.

This stamdard has been developed in compliance with Standards Council of Canada require

National

Standards of Canada. It has beenypublished as a National Standard of Canada by CSA

Application of Standard

Where rg
consider

5 Z

Level of

eference is made to\a specific number of samples to be tested, the specified numbe
bd a minimum quantity.

bte: Although the\intended primary application of this standard is stated in its scope, it is important to note th
e responsibility-of the users of the standard to judge its suitability for their particular purpose.

harmonization

(ANCE),
ITechnical
technical

pe of the

CT 20 -
on, A.C.,

General
Strategic
the CSA

ments for
Sroup.

I is to be

it it remains

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 Group, and UL.

An equivalent standard is a standard that is substantially the same in technical content, except as follows:
Technical national differences are allowed for codes and governmental regulations as well as those
recognized as being in accordance with NAFTA Article 905, for example, because of fundamental climatic,
geographical, technological, or infrastructural factors, scientific justification, or the level of protection that
the country considers appropriate. Presentation is word for word except for editorial changes.
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Reasons for differences from IEC

The Technical Harmonization Committee identified several |IEC standards that address electrical wire
connectors included in the scope of this standard. The IEC standards for electrical wire connectors are
recognized as being generally system specific, containing the requirements for the relevant wire
connectors and cables in many discrete IEC standards.

The THC determined the safe use of electrical wire connectors is dependent on the design and
performance of the wire connectors in relation to the North American Electrical Codes with which they are
intended to be installed. The THC agreed such future investigation will be facilitated by the harmonization
of the NorthrAmericam Efectricat Codes for wire connectors with tEC instaffation practices. |

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 devélopment
organizatjons to more accurately reflect the intent.
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1 Scop

e

1.1 This Standard applies to single-polarity connectors for use with all alloys of copper or aluminum, or
copper-clad aluminum conductors, or all three, 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:

Note: Copper-clad aluminum conductors are for use only in the United States in accordance with the National Electrical
Code, NFPA 70.

a

w o

—h

)

=

)

1.1A C
using fer
evaluate

a

3 T

1.2 Th
follows:

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

Soldering connectors;

Splicing wire connectors intended for use with 4 AWG (21.2 mm?) ortarger conductors;
Note: A splicing wire and cable connector taking a range of conductor sizeS.mnay include conductor |
than 4 AWG (21.2 mm?).

Neutral bars;

Uninsulated connectors that are used in circuits rated 35 000 V and below;
Ampere-rated connectors not intended for general use;

Insulation piercing connectors; and

Exothermically welded wire connectors:

pnnectors covered by this Standard are also suitable for use with conductors that are
rules evaluated in accordance-with CSA C22.2 No. 291-14/UL 486F, or wire connector
4 in accordance with this, Standard, under the following conditions:

Ferrules and adapters are applied in accordance with their ratings and installation instry

The length of exposed conductive material maintains the strip lengths required by the
anufacturer.

s Standard is intended for connectors suitable for use with conductors in the size 1

Connectors intended for use in appliances and equipment that comply with therrequirements for
ich appliances and equipment;

fzes smaller

prepared
adapters

ctions.

connector

anges as

AT H
) AATUTTITTUTTT.

1) 12 AWG (3.3 mm2) and 10 AWG (5.3 mm?) solid;

2) 12 AWG (3.3 mm?) to 2 000 kcmil (1 010 mm?) stranded, Class B concentric,

compressed, and compact; and

3) 12 AWG (3.3 mm?) to 1 000 kemil (508 mm?) stranded single input wire (SIW).

b) Copper-clad aluminum:

1) In Canada, this construction is not allowed.

2) In Mexico, this construction is not allowed.
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3) In the United States:
i) 12 AWG (3.3 mm?) and 10 AWG (5.3 mm?) solid; and

i) 12 AWG (3.3 mm?) to 2 000 kemil (1 010 mm?) stranded, Class B concentric,
compressed, and Class C concentric.

c) Copper:
1) 30 AWG (0.05 mm?) to 10 AWG (5.3 mm?) solid; and

20 AN N NE 2\ ¢ faYa Xl
[PAV AN aY'A'AW ) \U.U\J LILLLILLI } WU 2 UUU N\uiin

fo a2 N /4 N4an 2\ ot dad A1 [ ;
Z T Ut mmS - stranaea,—GrasSs—o—conce tric and

C())mpressed, and Class C concentric.
d)|Compact-stranded copper conductors:

1) In Canada for 8 AWG (8.4 mm?) and larger;

2) In the United States for 2 AWG (33.6 mm?) and larger; and
3) In Mexico for 8 AWG (8.4 mm?) and larger.

e)|Rigid (solid and stranded) metric wire sizes, Classes 1, 2, 5,.and 6, in the range of 0.5 — 2 500
mm?, in addition to AWG/kcmil sizes, with AWG/kcmil ratings mandatory and metric wire ratings
ogtional.

Note 1: Metric wire sizes are based on the IEC Standard for Conductors of Insulated Cables, IEC 60228
Note 2: For example, a connector rated for 6 AWG —850 kcmil may be additionally rated for 16 — 184 mm?. See
Annex C for example.

f) Dther class and strand configurations as,indicated by marking.

~

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

1.4 These requirements cover insulated connectors, insulating caps, and covers intended for|use at 2
000 volts|or less and uninsulated, connectors for use in general use circuits rated 35 000 volts npminal or
less.

In Canadp, uninsulated connectors may also be used in applications up to 5 000 volts phaseo-phase
where allpwed and.installed in accordance with Section 36 of the Canadian Electrical Code, Part|l, C22.1.
For prodycts intended for use in Canada, general requirements are given in CAN/CSA-C22.2 No. 0.

1.5 Thid Standard does not apply to:

a) Insulated connectors for voltage levels above 2 000 V;
b) Manual twist-on connectors;

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

d) Flat quick connect terminals;
e) Wire binding screw terminals; and

f) Bare or covered ferrules intended for use with 1/0 — 20 AWG stranded copper conductors.
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2 Reference Publications
2.1 Normative references

211  Where reference is made to any Standards, such reference shall be considered to refer to the
latest editions and revisions thereto available at the time of printing, unless otherwise specified.

2.1.2 ANCE Standards

NMX-J-508-ANCE
Electrical Features — Safety Requirements — Specifications and Test Methods

2.1.3 GCSA Standards

C22.1
Canadiap Electrical Code, Part | (CE Code)

C22.0
General{equirements — Canadian Electrical Code, Part Il

CAN/CSA-22.2 No. 0.17
Evaluation of Properties of Polymeric Materials

CSA C22.2 No. 291
Bare and Covered Ferrules

2.1.4 UL Standards

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

UL 486F
Bare and Covered Ferrules

UL 746C
Polymeric Materials —Use in Electrical Equipment Evaluations

2.1.5 NFPA" Standard

ANSI/NFPAYO,
National Efectricat Cote {NEC)

* National Fire Protection Association

2.1.6 NOM Standards — Mexican Secretary of Energy

NOM-001-SEDE,
Standard for Electrical Installations
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2.1.7 IECT Standards
IEC 60228

Conductors of Insulated Cables

T International Electrotechnical Commission.

2.2 Info

rmative references

2.2.1  See Annex A for a listing of supplemental standards.

3 Units

3.1 The
other vall

3.2 Fol
parentheg

N(
4.4

Ng
raf
60

4 Defin

For the plirpose of this Standard, the following terms and definitions apply.

41 Cird
4.2 Cor
more con
4.3 Con
4.4 Crir
crimp any

Ng

of Measurement

values given in SI (metric) units shall be normative, except for AWG/kcmil capgductor s
es are for information purposes only.

conductor sizes, AWG/kcmil conductor sizes are noted with their metric equiv
bis, followed by the closest metric conductor size covered by IEC 60228.

te 1: Specifications for conductor sizes for both AWG/kcmil and metric are shewh as follows: 12 — 3 AWG (3.
- 25.0mm?

te 2: IEC 60228 covers conductors in the metric range of 0.5 — 2°500 mm?. For requirements covering AWG
ges outside this scope, the specification for the metric conduetorwill be limited to the conductor range covg
P28.

tions

ular mil (cmil) — the area of a circle with a diameter of 0.001 inch.

nector — device for connecting a conductor to an equipment terminal or for connectir
ductors to each other.

nping Die~that part of a crimping tool which forms the crimp(s) and usually incorpo
il(s), theerimp indentor(s), and the positioner.

te: ‘Crimping dies may have separate or integral sections for compressing the insulation grip, if provided.

trol Conductor —an)unbroken conductor which is included in the current-cycling test looq.

zes. Any

blents in

B1—26.7)/

/kemil wire
red by IEC

g two or

rates the

4.5 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).

4.6 Packaging Container — the container in which the unit containers are packaged.

4.7 Rated Current (Ampere Rating) — current assigned to the connector by the manufacturer.

4.8 Splicing Wire Connector — a connector that establishes a connection between two or more
conductors by means of mechanical pressure and is not intended to be permanently mounted.

4.9 Single Input Wire (SIW) — a stranded conductor that varies the number of wires within a range of
conductor sizes in order to permit that range of conductor sizes to be constructed from a single wire size.
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410 Stability Factor S — the measure of temperature stability of a connector during the current-cycling
test.

411 Temperature Rating — the maximum temperature of an insulated connector, assigned by the
manufacturer.

4.12 Temperature Rise — the difference of the temperature of the connector, measured under load, and
the ambient temperature.

4.13 Terminal Connector — a connector that establishes a connection between one or more conductors
to a termynal plate or stud, or to any similar device, by means ot mechanical pressure.

4.14 Unit Container — the smallest container in which connectors are packaged.
4.15 \Vgltage Rating — the maximum voltage of an insulated connector.

5 Symbols and Abbreviations

5.1 °—Pegree

5.2 A —Amps, Amperes

5.3 Al+4 Aluminum
5.4 AWG — American Wire Gage/gauge

5.5 C —Celsius

5.6 CClor CCA - Copper-clad aluminum

5.7 Cul- Copper

5.8 d—|Days
5.9 f-—Flexible
5.10 h+ Hours

5.11 HpN@©3;~ Mercurous nitrate

5.12 Hz - Hertz, cycles per second
5.13 in—Inch, Inches

5.14 kcmil — Thousand circular mil
515 m-—Meter

5.16 mil — Thousandth of an inch

5.17 min — Minutes
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5.18 ml - Milliliter

5.19 mm — Millimeter

5.20 mm? - Square millimeter

2

5.21 N - Newton — kilogram meter/sec

5.22 NH,; - Ammonia

5.23

_‘
|

Rigid solid and rigid stranded
5.24 rpm — Revolutions per minute

5.25 s —Seconds

5.26 SAE — Society of Automotive Engineers
5.27 sol- Solid

528 s

—
=S

— Stranded

5.29 V1 Volts

6 Construction Requirements
6.1 Gerneral

6.1.1 The design and construction of aceonnector intended for use with stranded conductors| shall be
such that|all strands of the conductor shall*be contained within the connector.

6.1.2 Ajconnector intended for usé with conductors of different sizes shall have a clamping mgchanism
that adapts to conductors of. different sizes without permanent removal or addition of pars. Some
exampleq of clamping mechanisms are:

a)|Direct bearing screws with or without use of a pressure plate;
b)|A pressure plate or plates and a screw or screws;

c)|Defermation of the connector barrel (crimping) using a special tool;

d) A nut threading onto a split bolt; and

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
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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
aluminurl] alloy shall be coated with an electrically conductive coating, such as tin, that will inhibitjoxidation
and corrosion. The following need not be coated:

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

O

The conductor-securing (barrel) portion of a terminal connector that is shipped prefillgd with an
Kide-inhibiting compound;

[e]

¢} 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

—h

)| The mounting hole in a connector that is intended {0 bé secured by a bolt, nut, and washer.

Nbte: Other coatings may be used if investigated for the purpose and found suitable.

6.2.3 Inon or steel, if protected against corrosion;,“may be used for screws, plates, yokes, or ofher parts
that are gmployed as a means of clamping the-¢onductor, if such parts are not the primary curreni-carrying
members.

6.2.4 Ipsulation employed as a part-of the connector shall be suitable for its rated tempgrature in
accordance with Table 1.

6.2.5 The insulating material shall have a minimum flammability classification of V-2 or VTM-2 as
determinied by tests described in Annex B. The material thickness for determining the flammability shall be
measured at points supporting live parts or within 6 mm (0.236 in) of live parts, whichever is less.

Nopte: Insulatitig tubing that has a VW1 rating is not considered equivalent. Tubing may be tested using bar| samples to
aghieve a\V~2/minimum rating, or the glow wire test (see 6.2.6) may be performed.

6.2.6 Withreference 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.
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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.

6.3.5 Soldering lugs shall not be rated for use with metric conductors.

7 Test Requirements

7.1 General

7.1.1  Ajconnector shall meet the test requirements when separate specimen setsare’subjected to the
applicablé¢ tests for the design of the connector as specified in Table 3 through Tablé/5and in 7.1( through
7.13.

7.1.2 Wijth reference to 7.1.1, a connector of copper or copper alloy need ot be subjected to the current-
cycling s¢quence using copper conductor, unless the connector is dependent upon insulation |piercing,
insulation displacement, or spring action.

7.1.3 With reference to 7.1.1, the initial static-heating test need not be conducted in the stati¢c-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 th& connector has been current-cycling tested with an
aluminum conductor of a size not smaller than the\size of the copper conductor required for thg current-
cycling tept.

Ndte: See Annex C for example.

7.1.5 Conductor sizes 30 — 20 AWG(0.05 — 0.52 mm?) need not be subjected to the secureneks test in
the statictheating sequence or meehanical sequence.

7.1.6 Specimen sets shdll be subjected to the test sequences using the conductor material spgcified in
Table 6 fpr the one or more conductor material combinations for which the connector is intenfled. The
dielectric |withstand, streSs corrosion, secureness of insulation, flexing, and low temperature installation
tests may be condudcted using either copper or aluminum or copper-clad aluminum conductor. When a
connectof is rated-for copper-to-copper, aluminum-to-aluminum, and copper-to-aluminum (intermixed), or
copper-clad.;aluminum, the mechanical sequence with copper-to-aluminum or copper-clad gluminum
conductofs'may be omitted.

7.1.6A Testing may be conducted using AWG/kcmil solid and stranded sized conductors or Class 1 (rigid
solid) and Class 2 (rigid stranded) metric sized conductors as follows:

a) AWG/kcmil solid conductors is representative of Class 1 metric conductors.
b) Class 1 metric conductors is representative of AWG/kcmil solid conductors.
¢) AWG/kemil stranded conductors is representative of Class 2 metric conductors.

d) Class 2 metric conductors is representative of AWG/kcmil stranded conductors.
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Testing covers conductor sizes that are within the cross-sectional area envelope of the sizes tested, as
determined by the circular mils of the conductor. See 9.1.5.3 — 9.1.5.5 for AWG/kcmil stranding classes.
See Annex F for conductor area, in circular mils, for conductor stranding, and for conductor diameters, of
both AWG/kcmil and metric conductor sizes.

Note: See Annex C for example.

7.1.7 A connector rated for Class 5, 6, or both Class 5 and 6 metric conductors (flexible stranded) shall
be subjected to all test sequences using the appropriate Class of flexible metric conductors based on the
ratings specified by the manufacturer. See 9.1.5.5 for testing with specific stranding counts.

7.1.8 Fpr a connector intended to be used with aluminum, copper-clad aluminum, and copper‘¢onductor
(marked|"AL-CU"), specimens with aluminum conductor, copper-clad aluminum, and g¢epper ¢onductor
shall be pubjected to the current-cycling, static-heating sequence, and mechanical sequence tepts. For a
connectqgr intended to be used with copper-clad aluminum and copper conductor (marked "ICC-CU"),
sample gets with copper-clad aluminum conductor and copper conductor shall bg subjected to[the heat-
cycling, static-heating sequence, and mechanical sequence tests. See 8.2.1.

7.1.9 Tests with aluminum conductor are representative of tests with copper-clad aluminum conductor.

7.1.10 [or an aluminum-bodied connector intended to be used with copper conductor only, specimens
with copper conductor shall be subjected to the current-cyclingy static-heating sequence, and mechanical
sequence tests.

7.1.11 [lests conducted on a connector with compact-stranded copper conductors shall repregent tests
with congentric and compressed stranded copper conductors of the same size. Tests condu¢ted on a
connectgr with compact, compressed, or concentric-stranded aluminum conductors shall repregsent tests
with compact, concentric, and compressed stranded aluminum conductors of the same size. See[Table 15.

7.2 Current-cycling

7.2.1 The specimen sets shall complete 500 cycles of equal current-on and current-off operatigns for the
periods ¢f time specified in Table 7, other than as noted in 9.2.2 and 9.2.5, while carrying the §0 Hz test
current specified for the connector temperature rating and conductor size being tested. For a splicing wire
connectqr involving two different conductor sizes, the test current shall be based on the lessér current
dictated by the two different-Conductor sizes.

Nbte: A currept source may be maintained at or above the required value by regulation or frequent adjustment.

7.2.2 The_current-cycling test shall be completed without any connector exceeding the |following
temperafurevrise for any recorded cycle:

a) Tests conducted with aluminum wire with AA-1350 alloy conductors shall not exceed a 125°C
temperature rise above the ambient temperature.

b) Tests conducted with aluminum wire with AA-8000 alloy conductors shall not exceed a 115°C
temperature rise above the ambient temperature.

c) Tests conducted with copper wire shall not exceed a 125°C temperature rise above the ambient
temperature.

7.2.3 The stability factor "S" (see 7.2.4) shall not exceed the following for connector temperature
measurements taken at approximately 25, 50, 75, 100, 125, 175, 225, 275, 350, 425, and 500 cycles:
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a) Tests conducted with aluminum wire with AA-1350 alloy conductors shall not exceed a stability
factor of + 10.

b) Tests conducted with aluminum wire with AA-8000 alloy conductors shall not exceed a stability
factor of £ 8.

c)

Tests conducted with copper wire shall not exceed a stability factor of + 10.

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

in which:
D
i i
d

Nd
va
nu
de

7.3 Stat

7.3.1  The specimen sets shall carry continuously the value of 60 Hz test current specified in T
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s the average temperature deviation,
a number from 1 to 11 and signifies one of the 11 individual temperature measurements

s a temperature deviation for an individual temperature measurement.

te: The value for d; is determined by subtracting the control cohductor temperature from the connector tempe|
ue for d; is a positive number when the connector temperature_is more than that of the control conductor and|
Imber when the connector temperature is less than that.of the control conductor. The average of the 11 t
iations is then determined. See Annex D for example.

ic-heating sequence

br the conductor size being.tested until stable temperatures are reached without exc
perature rise above ambienttemperature. For a splicing wire connector involving two
sizes, the test current_shall be based on the lesser current dictated by the two
[ sizes.

te 1: The temperatdre'riSe on an ampere-rated connector may exceed 50°C when the connector, as used in t

, and

ature. The
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ipment application;-does not exceed the maximum allowable temperature rise permitted for the end-use applitation.

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

Ng

with the same allowed temperature rise.

te 3:\When testing with aluminum conductors, testing may be conducted with either AA-1350 or AA-8000

onductors,

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
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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
conductqr, stripping of threads, shearing of parts, or other damage to the connector/Breakihg of the
conductgr or any strand of a stranded conductor shall be determined by examination of the |complete
connectgr assembly while still intact after the secureness or pullout tests. Breakagé has occufred if the
conductqr or a strand of a stranded conductor becomes visibly detached. Strand breakage of 5 percent is
allowed for flexible and fine stranded conductors.

7.5 Dielectric-withstand test sequence

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

7.5.2 The insulation of an insulated connector shall not.erack 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 ¢onnector
insulation to harden, soften, crack, deform, lodsen, or otherwise change so as to adversely gffect the
insulatin$ properties of the conductor insulation’or the connector insulation.

Npte: 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 cohnector when subjected to the secureness of insulation test described in 9.6.

7.7 Dragp

7.7.1 A lateh,or a lock employed on the cover of an insulated splicing connector intended for yse with a

4 AWG (1. mm?) or larger conductor shall not open or break when the connector is subjected t¢ 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 An insulating 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.
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7.10 Low temperature installation

7.10.1 In Canada, the thermoplastic or thermosetting insulation of a compression-type connector
assembled by a tool shall not crack or fracture when assembled in accordance with 9.10. This test shall
not apply to insulated wire connectors intended for factory installation only. See 10.38.

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 absprb more
than 3 pefcent of its mass when subjected to the moisture-absorption test as specified in 9.14"

7.12 Stress corrosion/moist ammonia (NH,)

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

Ndte: 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 ¢orrosion
cracking.

7.12.3 A copper alloy part containing more than 15 pereent/zinc shall show no evidence of|cracking
when exgmined 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 (HgNO3)

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

Ndte: The mercurous nitrate test is corisidered an alternative to the moist ammonia test.

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

8 Sampling Requirements

8.1 General

8.1.1 Selze Table 11 for the minimum number of specimens for test.

8.1.2 Separate specimen sets shall be used for current-cycling, mechanical sequence, static-heating
sequence, dielectric-withstand tests, and the other tests as applicable. See Table 3, Table 4, Table 5, and
Table 9.

8.1.3 The basic specimen set for the current-cycling tests, mechanical sequence, and static-heating
sequence shall consist of four connectors for each combination of connector and test conductor or
conductors to be tested.

8.1.4 With reference to 8.1.3, for testing a splicing connector or run and tap connector in which each
conductor is secured by a separate means, the specimen sets shall consist of two connectors for each
combination of connector and test conductor to be tested.
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8.1.5 With reference to 8.1.3, for a neutral bar, the basic specimen set shall consist of two specimens of
three connector holes cut from a length of the neutral bar. The distance between the holes cut from the
neutral bar shall be representative of the minimum distance.

8.1.6 With reference to 8.1.3, for a connector intended for a conductor size range of 30 — 10 AWG (0.05

| - 5.3 mm?) /0.5 — 6 mm? copper and 12 and 10 AWG (3.3 and 5.3 mm?) / 4 and 6 mm? aluminum or
copper-clad aluminum, the basic sample set for the static-heating sequence shall consist of two
connectors for each combination of connector and test conductor to be tested.

8.1.7 For aline of connectors of similar design but of different sizes, the following sizes shall be tested:

a) The largest and the smallest sizes if the line consists of four sizes or less;

O

The largest, smallest, and one representative intermediate size if the line consist of five sizes;
and

¢

The largest, smallest, and two representative intermediate sizes if the liné consists of fore than
fiye sizes.

8.1.8 Alline of connectors of similar design is determined by the followingfeatures:

a) Shape of connector, shape of conductor opening, and shape and number of clamping screws;

O

Material and surface treatment of the connector body;\tang, clamping screw, and pressure bar;

c) Torque corresponding to the wire size of each cennector;

o

Crimping die design and number of crimps for connectors using crimping tools; and

[¢)

For a tangless connector, the material and plating of the associated tang to be used with the
bnnector.

Q

8.1.9 Ypecimens shall be tested using both solid and stranded conductor for 30 — 10 AWG (0.05 — 5.3
mm?) / 0.5 — 6 mm? conductor sizes, and using stranded conductor for 8 AWG (8.4 mm?) / 10(mm? and
larger unjess the connector is marked in accordance with 10.13, in which case the conductor usefd shall be
of the type or types marked on the connector.

I 8.1.10 |f the conductor range of a connector includes sizes 14 — 10 AWG (2.1 — 5.3 mm?) / 2.5|— 6 mm?,
and thesg sizes are not included in the test sample selection, additional sample sets shall be tegted using

the maximum sizeolid conductor in the range of 14 — 10 AWG (2.1 — 5.3 mm?) /2.5 - 6 mm?.

| 81.11 Deleted

8.1.12 A connector that is designed to employ clamping screws made for either aluminum, brass, or
steel shall be tested with clamping screws made of the material specified in Table 12.

8.2 Current-cycling

8.2.1 For a connector without an assigned ampere rating, specimens shall be tested using the maximum
size conductor or conductors. For a connector intended for a single conductor and also for paralleling
conductors, current-cycling tests shall be conducted on specimens using the maximum single and
maximum parallel conductor sizes. For a connector that is intended for a range of conductor sizes and for
copper conductor in addition to aluminum conductor or copper-clad aluminum conductor, current-cycling
tests with copper conductor need not be performed if the size that is selected results in a test current that
is less than or equal to the test current used in the tests with aluminum conductor or copper-clad aluminum
conductor. Also see 7.1.4.
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Note: The current used in the tests with aluminum conductor or copper-clad aluminum conductor may be raised above the
required value with the concurrence of those concerned.

8.2.2 For a connector with an assigned ampere rating, specimens shall be tested using the size or sizes
of the conductor corresponding to the assigned maximum ampere rating and connector temperature rating
as indicated in Table 7. If the assigned maximum ampere rating of a connector falls between the two
values of assigned ampere rating specified in these tables, the test current used shall be that which
corresponds to the higher assigned rating. For connectors intended for paralleling conductors, the
conductor sizes shall be selected in accordance with Table 7, and the current shall be selected in
accordance with Table 13. For a connector that is intended for a range of conductor sizes and for copper
conductors in addition to aluminum conductors or copper-clad aluminum conductors, current-cycling tests
with coppler conductors are not required to be conducted if the size that is selected results in a test current
that is legs than or equal to the test current used in the tests with aluminum conductors er (copper-clad
aluminum) conductors.

Ndte: The current used in the tests with aluminum conductors or copper-clad aluminum conductors'may be raised above the
required value with the concurrence of those concerned.

8.2.3 For a connector with an assigned ampere rating and intended for aCsingle conductor and also for
paralleling conductors, the current-cycling test shall be conducted on specimens using the gonductor
combinat|on or conductor size as selected for the static-heating test. Ford@ connector that is intended for a
range of conductor sizes and for copper conductors in addition to*aluminum conductors or copper-clad
aluminum conductors, heat-cycling tests with copper conductors need not be conducted if the sige that is
selected [results in a test current that is less than or equalto*the test current used in the tests with
aluminum conductors or copper-clad aluminum conductors.

Ndte: The current used in the tests with aluminum conductorsor copper-clad aluminum conductors may be raised above the
required value with the concurrence of those concerned,

8.2.4 Wjth reference to 7.1.6 and Table 6, if.the‘connector is intended for the intermixing of conductors of
different materials, the heat-cycling tests shall be conducted using the following conductor materiz

a)|Maximum size copper with maximum size aluminum or copper-clad aluminum;
b)|Maximum size copper with minimum size aluminum or copper-clad aluminum;
¢)[Minimum size copper with minimum size aluminum or copper-clad aluminum; and

d)|Maximum sizeeopper in combination with a minimum size aluminum or copper-clad gluminum
cdnductor or“conductors where the sum of test currents of the minimum size condpctors is
apgproximately equal to the current of the maximum size conductor.

The test gurrents are based on the lesser current dictated by the two different conductor materials

8.3 Static-heating sequence

8.3.1 A connector without an assigned ampere rating and intended for use with a range of conductor
sizes shall be tested with the maximum size conductor. If more than one conductor is secured by a single
clamping means, additional specimens shall be subjected to this test or the mechanical sequence test, as
necessary.

8.3.2 For an ampere-rated connector not intended for paralleling conductors, the static-heating
sequence shall not be conducted with the larger size(s) of conductor that exceed the size conductor that
corresponds to the ampere rating of the conductor as determined from Table 7; only the mechanical
sequence tests shall be conducted. A connector specimen set with the size conductor that corresponds to
the ampere rating shall be subjected to the full static-heating sequence.
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Note: See Annex C for example.

8.3.3 For an ampere-rated connector intended for paralleling conductors, specimens shall be tested with
the parallel conductor combinations that equal the assigned ampere rating as determined from Table 7.
The ampere rating assigned to the connector shall be divided by the number of conductors. For ampere
ratings that fall between two consecutive values, the next larger conductor size shall be used. The values
of test current in the static-heating test for the parallel-conductor range shall be selected from Table 8. If
the number of conductors is less than the number of conductor openings, the conductors shall be
positioned in the connector so that the test current is concentrated in the smallest cross-sectional area of
the connector in the current path. If the connector also has single conductor ranges, the conductor sizes

and values-of-test-current-inthe-static hnafing tests for the cingln conductor ranges shallbe-sslected from

Table 7 ysing the conductor size that corresponds to the ampere rating of the connector.

Nopte: See Annex C for example.

8.3.4 Hor the static-heating sequence where intermixing of conductor types.'i® involved, the same
selection of samples as indicated in 8.2.4 shall be tested.

8.4 Mechanical sequence

8.4.1 Fpr the mechanical sequence, connectors intended for use with-a range of conductor sizes shall be
tested wfith the maximum and minimum size conductor. The, mechanical sequence on any [particular
conductqr size need not be repeated if it has been conducted<as part of the static-heating sequence. If
more thgn one conductor is secured by a single clamping means, additional specimens shall bg selected
for this tgst, as necessary.

8.5 Dielectric withstand

8.5.1 Hor a connector intended to secure-gombinations of conductors of different total crosstsectional
areas, tests shall be performed on the combination of conductors of the smallest total cross-sectional area
and on the combination of largest total cross-sectional area.

8.5.2 Fpr a connector intended to secure single conductors of different sizes, tests shall be performed on
specimens with the smallest and largest conductors.

8.5.3 See Table 11 for the-number of test specimens.
8.6 Securenessofiinsulation

8.6.1 The _number of specimens as identified in Table 11 shall be subjected to the secufeness of
insulati0||1 test'described in 9.6.

8.7 Drop

8.7.1 The number of specimens as identified in Table 11 shall be subjected to the drop test described in
9.7.

8.7.2 Six specimens for each conditioning shall be assembled with the combination of conductors of the
smallest total cross-sectional area, and six specimens for each conditioning shall be assembled with the
combination of conductors of the largest total cross-sectional area.
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8.8 Dielectric withstand after drop

8.8.1 The same samples previously subjected to the drop test in 9.7 shall also be subjected to the
dielectric voltage-withstand after drop test as specified in 9.8.

8.9 Flexing

8.9.1 The number of specimens as identified in Table 11 shall be subjected to the flexing test described
in 9.9.

8.10 Low temperature installation

8.10.1 In Canada, the number of specimens as identified in Table 11 shall be subjéc¢ted tq the low
temperatiire test in 9.10. Six specimens shall be assembled with the combination of/conductdrs of the
smallest [total cross-sectional area, and six specimens shall be assembled with-the combination of
conductors of the largest total cross-sectional area.

In the Unijted States and Mexico, this requirement does not apply.
8.11 Maqisture absorption

8.11.1 The number of specimens as identified in Table 11 shall be subjected to the moisture absorption
test described in 9.11.

8.12 Stress corrosion/moist ammonia (NH,)

8.12.1 The number of specimens as identified in, Table 11 shall be subjected to the stress corrosjon/moist
ammonia|(NH,) test described in 9.12.

8.13 Stress corrosion/mercurous nitrate (HgNO5)

8.13.1 |The number of specimens as identified in Table 11 shall be subjected to the stress
corrosion/mercurous nitrate (HgNO3) test described in 9.13.

8.13.2 The test shall be-conducted on a specimen previously unused and not attached to a conductor or
otherwisqg subjected toiexternal stress.

9 Test Methods

9.1 General

9.1.1 Temperature measurement

9.1.1.1 Temperatures shall be measured by thermocouples consisting of conductors not larger than 24
AWG (0.21 mm?) and not smaller than 30 AWG (0.05 mm?).

9.1.2 Ambient temperature measurement

9.1.2.1 Test assemblies shall be located in a substantially vibration and draft-free location where the
average ambient air temperature shall be maintained in the range of 15° C — 35° C. The ambient
temperature shall be kept within + 4°C at all times during the test.
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9.1.2.2 Thermocouples to measure the ambient temperature for a connector specimen under test shall
be installed on 50.8 mm (2 in) square x 6.4 mm (1/4 in) thick sections of unplated copper bus. All buses
shall be mounted in a vertical plane at the same elevation as the wire connectors being tested. All
measurements shall be made to the centerline of the nearest connector or control conductor. If all
thermocouples employed are the same length, they shall be connected in parallel to provide an average
ambient temperature.

9.1.2.3 For vertically mounted connectors, one bus shall be located 610 mm (2 feet) in front, one bus 610
mm (2 feet) in back of the specimens and control conductor. For test assemblies employing an insulating
backboard as mentioned in 9.1.10.10, no bus section shall be mounted behind the test assembly.

9.1.2.4 |For horizontally mounted connectors in an assembly of one or more specimens of cgnnectors,
bus sect|ons shall be located 610 mm (2 feet) in front, 610 mm (2 feet) in back, and 610 \mm (R feet) on
each side of the test assembly. An alternate method of locating the thermocouple for a’horizontal test
assembly is to place one bus at the center of a loop formed by the specimens and coftrol conductor.

9.1.3 Control conductor temperature measurement

9.1.3.1 |A thermocouple shall be located on each control conductor. For’eontrol conductors used when
testing alconnector intended for paralleling conductors, the thermocouples shall be the same Ig¢ngth and
connectgd in parallel to determine the average control conductor temperature.

9.1.3.2 | A thermocouple on a control conductor used in the€ current-cycling test shall be located at the
midpoint| of the conductor and under the conductor insulation. The thermocouple shall be sacured by
soldering, by use of an adhesive, or by other equivalent means. The conductor insulation shall bg replaced
over the [thermocouple location. The surface of the conductor metal shall not be penetrated. Dfilling and
peening ghall not be used. When uninsulated wire is‘used, the thermocouple shall not be placed uinder any
conductqr insulation.

9.1.3.3 |For temperature measurements_on*a copper control conductor, the following technique shall be
employed:

a) A small flap shall be cutinto the conductor insulation and rolled back to expose the donductor.
When using uninsulated.wire, this step shall be skipped.

b) The thermocouple ‘bead shall be positioned in the valley between conductor strands [or on the
irface of a solid conductor.

[}

c] The flap{efrinsulation shall be repositioned and secured by a tightly wrapped, doublg layer of
black thermoplastic tape extending not more than 12.7 mm (1/2 in) on each side of the flap, or by
another.similar means of holding the test conductor insulation in place. When using uninsulated
wire, o insulation flap shall be used. A double layer of black thermoplastic tape shall bg wrapped
directty over the thermocoupte bead:

9.1.3.4 For temperature measurements on an aluminum control conductor, if a thermally conductive
adhesive which maintains direct contact with the strand of the control conductor is used, the technique
specified in 9.1.3.3 shall be used. When a thermally conductive adhesive is not used, the following
technique shall be used:

a) A 25.4 mm (1 in) minimum length of insulation over the full circumference of the conductor shall
be removed. When using uninsulated wire, this step shall be omitted.

b) For a solid conductor, the thermocouple shall be secured to the surface of the conductor.

c) One conductor strand shall be pried out of the stranding just enough to insert the end of a soft
copper ribbon measuring 6.4 mm (1/4 in) wide x 0.13 mm (0.005 in) thick to a length that overlaps
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approximately 3.2 mm (1/8 in) as illustrated in Figure 1. The conductor strand shall then be lightly

ta

ped back down on the copper ribbon.

d) The copper ribbon shall be wrapped partially around the conductor strands back to the one
strand that has been pried out.

e) The thermocouple shall be located on the copper ribbon in the valley formed by the pried-out
strand and the adjacent strand and shall be soldered in place. The copper ribbon shall be wrapped
completely around the bundle of strands and shall be cut off so that a 3.2 mm (1/8 in) overlap
results. The ribbon shall be secured in place by reheating the solder behind the ribbon where the
thermocouple is located.

f)

ofposite the thermocouple junction. Thin-walled heat shrinkable 125°C tubing or artightly
dquble layer of black thermoplastic tape extending not more than 12.7 mm (1/27in) 0n ea

th

fldp shall be used. A double layer of black thermoplastic tape wrapped directly over th
rigbon or heat shrink tubing shall be used.

9.1.4 Specimen temperature measurement

9.1.4.1

generated by the connector. In general, the thermocouple sensing’bead shall be located on o
conductof
thermocouple shall be installed so as to obtain thermal and mechanical bonding with the sur

connecto

peening thermocouples into small holes drilled in the, connector or by the use of small quantit

adhesive

9.14.2
readings
consecut|

9.1.5 Tgst and control conductors

9.1.51
14, Table

The section of insulation removed as described in a) shall be attached with the slit'sid

e section of insulation shall be used to hold it in place. When using uninsulated Wire, no i

A thermocouple on a wire connector shall be positioned. to sense the highest temy
entry sides of the connector and closest to thé“conductor/connector contact sy

[ and without causing an appreciable change in the temperature of the connector, for ex3

A test specimen shall be considered.stable during the static-heating test when three ten
taken at not less than 10 min intervals show no more than a 2°C variation between
ve readings.

All test specimen eonductors and control conductors shall comply with the requirementg
14A, Table 15;and Table 16 see 9.1.5.2. All test specimen conductors and control cg

shall be mew (previously.tnused) or, with the concurrence of those concerned, shall be previod

conducto
conducto
9.1.6.

9.1.5.1A

's that have not attained a temperature of over 120° C. For previously used conductd

e directly
vrapped,
th end of
nsulation
e copper

eratures
he of the
rface. A
ace of a
mple, by
es of an

perature
he three

in Table
nductors
sly used
rs, used

r ends shall be cut off and the resulting new ends of the conductor re-stripped in accordance with

—TEC 60228 ndicates that afurminum conductors shatt consistof atuminurm or aturmim

um alloy.

When testing with aluminum metric wire, alloy of the aluminum conductor shall be confirmed to be either

AA-1350

or AA-8000.

9.1.5.1B When testing with copper metric wire, any conductor complying with IEC 60228 shall be
considered acceptable.

9.1.5.2 With reference to 9.1.5.1, a connector may be tested with uninsulated conductors or conductors
with any type of insulation when the connector assembly does not rely on the conductor insulation, i.e.
insulation piercing connector. When using uninsulated conductors, Table 16 shall not be applied.
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9.1.5.3 In Canada and Mexico, test conductors for connectors rated for stranded copper conductors 8
AWG — 1000 kcmil (8.4 — 508 mm?) / 10 — 500 mm? shall be either Class B and compact, or IEC Class 2
and compact, rather than concentric or compressed as specified in Table 15.

In the United States, this requirement does not apply.

9.1.5.4 Connectors additionally rated for 2 AWG (33.6 mm?) / 35 mm? and larger compact-stranded
copper conductors shall be tested with compact-stranded Class B or IEC Class 2 compact copper
conductors. See also 10.39.

9.1.5.5 [A connector for flexible copper wire other than Class B, Class C, or [EC Class 2 stranfing shall
be subjefted to all test sequences using the class with the maximum number of strands to reprasent wire
of that specific size with stranding counts between the tested ranges.

9.1.5.6 | With the concurrence of those concerned, the test specimens and conductors usgd in the
current-gycling test for the evaluation of a 75°C rated connector may be used to evaluate the connector for
a 90°C rating at the required new test current and for an additional 500 cycles.

9.1.5.7 | The insulation for conductors shall be black or, with the concurrence of those concerned,
insulation color other than black shall be allowed.

9.1.5.8 |The conductor shall be examined to verify that the insUlation has not penetrated beyond the first
strand layer during the manufacturing process.

Nbpte: A separator may be located between the conductor.and the insulation of a stranded conductor to attain required
s@paration.

9.1.5.9 |The length measured from the conductor entry face of the test connector to the equalizer for the
current-gycling test or to the face of the connegtor at the other end of the test conductor for the mechanical
or static-neating test shall be as specified in“Table 17.

9.1.5.10| The length of control conductors used in the current-cycling tests shall be a minimum of twice
the length of the test conductors Used with the connector specimens.

9.1.6 Conductor stripping

9.1.6.1 |Conductors ‘shall be stripped immediately prior to installation for a distance that is Eﬁroper for
insertion| into the{cannector and shall be assembled in the connector in the intended manner. The
conductqr shall not be brushed or abraded prior to the installation of the connector.

Nopte 1 Care should be taken in stripping conductors to avoid cutting, nicking, scraping, or other damage to the|conductors.
A-HA-FOFIOWIAG [GR-RHOH h-as-A joR—50p d-the- Fr-th ipped ends.

:.‘:.::3.3 e g-a e+e4g HEHHE-SHEG 5 StHAHO SePHAHOSAAE e -6 e

Note 2: For an insulation piercing connector, the removal of the outer sheath of a cable, if necessary, is not considered to be
a previous stripping.

9.1.6.2 For an insulated or non-insulated connector marked with a nominal strip length according to
footnote a of Table 18, all tests, except for the dielectric-withstand test, shall be performed with conductors
stripped to the nominal value minus the tolerance specified in Table 19. The dielectric voltage-withstand
test on an insulated connector shall be performed with conductors stripped to the marked nominal strip
length.

9.1.6.3 For an insulated connector marked with a maximum conductor strip length and a minimum
conductor strip length according to Table 18, all tests, except the dielectric-withstand test, shall be
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performed with conductors stripped to the minimum length. The dielectric voltage-withstand test shall be
performed with conductors stripped to the maximum length. For a non-insulated connector marked with a
minimum conductor strip length, all tests shall be conducted with conductors stripped to the minimum
length.

9.1.6.4 If the strip length is not provided in accordance with footnotes b and ¢ of Table 18, the insulation
of the test conductor shall be stripped to allow the conductor to make contact with the full available length
of the connector collar or barrel that contains the securing means. The conductor shall be positioned so
that 6.4 — 12.7 mm (1/4 — 1/2 in) of bare conductor is exposed between the conductor-entry face of the
connector and the beginning of the insulation. If the conductor projects through the wire connector without

tr-f o <l 4 ball kL H follad + H 4 H £ 0 A (414 1
In e ere O, UTC CUTTUULLIUT olfidiT VT TTTolalitu tu Pprujeul a TTHAATTTIATTIT UT OS5 THTTE 7= 1t ).

9.1.7 Egqualizer

9.1.7.1 For the current-cycling test, each stranded control conductor and each stranded conductor that
has been|terminated or is intended to be terminated in a test connector shall havethe free end welded or
brazed to|an equalizer to make a thorough electrical connection for each strandsTool-applied compression
connectofs without welding may be used.

Ngte 1: An equalizer is not required but may be used for a solid test conductor.
Ngte 2: Equalizers need not be used on specimens intended for any other tests,.as it is necessary to insert the qpen end of
thg conductor through a bushing for the secureness test.

9.1.7.2 An equalizer shall be constructed using:

a)| A short length of copper or aluminum bus having one or more holes slightly larger|than the
cdnductor;

b)|A tool-applied compression connector;.Qr

c)|A pressure screw-type wire connector having an open end opposite the conductor inserfion end.

9.1.7.3 The end of the conductor that'projects through the equalizer shall be welded into a homggeneous
mass with the bus (see 9.1.7.2-a)) or the connector (see 9.1.7.2 c)). For a connector intehded for
paralleling conductors, the hole spacing pattern in the equalizer shall be identical to the holg spacing
pattern in|the connector. A wire'‘connector used as an equalizer shall not be larger than that needgd for the
conductof size involved, ahd)an equalizer bus shall not be larger than the applicable bus size indicated in
Table 20.|For test currents’over those in Table 20, the size of the equalizer shall be based on 1.55 A/mm?
(1 000 A/in?) of cross=section for a copper bus equalizer and 1.16 A/mm? (750 A/in?) of cross-s¢ction for
an aluminum bus-egqualizer.

9.1.8 Plleparation of specimens

9.1.8.1 Representative specimens of the connector shall be assembled to conductors of the proper type,
length, and size and in the manner used in service. For the current-cycling test, control-conductor
assemblies shall also be prepared. These control-conductor assemblies shall be wired in series with the
specimens used for the current-cycling test and shall carry the same test current. For a connector intended
for paralleling conductors, the number of control conductors shall be equal to the number of conductors
being tested.

9.1.8.2 If a connector is intended for assembly by means of a specific tool, this tool shall be used in the
intended manner.
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9.1.8.3 If a connector is intended to be assembled to a conductor by means of more than one type of
specific tool, the connector shall meet the requirements when any of the specific tools are employed in the
assembly operation.

9.1.8.4 With reference to 9.1.8.3, in selecting tools for assembly of a connector to a conductor, the
following features shall be considered:

a) Profile, width, and depth of the connector;

b) Material of connector body;

c) Crimping die geometry;
d) The number of crimps; and

e) Similarity of crimp forces.

9.1.8.5 | If specific instructions for assembling the connector to the conducter are furnished with the
connectqr, such instructions shall be followed in the preparation of the) §pecimens, excep{ that the
conductqgr shall not be brushed or abraded and an antioxidant shall bextsed only if the connector is
prefilled with the antioxidant. See 10.15.

9.1.8.6 |A tangless terminal connector (e.g., collar or meter-sogket-construction) shall be mountgd for test
purposeg on a tang representative of the intended use; see\9.1.8.8. The length of the tang|shall not
exceed twice the length of the connector body. For the static-h€ating sequence and mechanical dequence,
individual tangs with a mounting hole in the end opposite-the connector shall be used. For th¢ current-
cycling test, one tang with connectors mounted as illustrated in Figure 2 shall be used. If the|specified
mounting means includes auxiliary antirotation means; such means shall not increase the thermgl mass or
heat-radiating capabilities of the assembly.

9.1.8.7 | With reference to 9.1.8.6, a terminal connector integral with a fuse clip, meter-sockget jaw, or
similar fgature, intended for connection«te’ a bus having a low conductivity shall have the tang sized to
reduce the risk of over-heating of the-tang. The test tang shall not be so large that it operates cooler than
the bodigs of the connector as determined by thermocouples placed on the tangs and connector bodies.

9.1.8.8 |For atangless connector (see Figure 2), the following information shall be provided:

a) Material of tang;

O

Plating on“tang;

¢} Minimum cross-section of tang;

d PV’:GtUI IG: Uf mroul It;l IH QUITVW,
e) Use of a washer, type and size; and

f) Torque to be used to secure the connector to the tang.

9.1.8.9 When preparing assemblies using uninsulated conductors, a tie wrap or similar means shall be
used in close proximity to the wire opening to prevent splaying or spreading of the uninsulated conductor.
This restriction shall be applied to the conductor end prior to any torquing or crimping and shall remain in
place during the remainder of the test.

Note: The use of a tie wrap or similar means is intended to maintain the relative positioning of the individual conductor
strands with similar constraints that might occur if insulated conductors had been used, where the conductor insulation acts
in the same capacity.
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9.1.9 Tightening torque

9.1.9.1 The connection between the conductor and the connector shall be made before the start of the
first test on any specimen set. No additional tightening shall be performed during the testing program.

9.1.9.2 A connector shall be mounted to a test bus according to the manufacturer's minimum
specifications. During application of the tightening torque the connector assembly shall be free to turn
about its mounting means except as restricted by the design of the connector or the specified mounting
means. Subsequent turning of the connector about its mounting means shall only occur due to test
procedures such as those for the secureness test. The mounting means shall not be retightened during
the testingprogram.

9.1.9.3 The specified torque shall be applied by tightening the connection between the conductor and the
connectof until the specified value of torque is attained and maintaining this value, withya constant torque
reading, for 5 s.

9.1.9.4 |Except as allowed in 9.1.9.5 and 9.1.9.5A, the tightening torque values specified in Jable 21,
Table 22,|or Table 23 shall apply to all connectors employing conductor clamping nuts or bolts of the types
described in the tables. The values in Table 21 are based on the size of thetinstalled test conductor, while
the torqué values specified in Table 22 and Table 23 are independent of the installed test conducior. Table
22 is limifed for use with connectors intended for 8 AWG (8.4 mmi?) 710 mm? or smaller conductors. If
more thap one conductor is secured under the same clamping-nut’or bolt, the torque value in [Table 21
shall be gpplied based on the largest conductor installed. Specitnens prepared for the current-cygling test
shall be tightened using the values of torque shown in column ‘A. All other tests shall have the specimens
prepared|using the values in column B.

9.1.9.5 MWhen a tightening torque value is assigned;.the current-cycling test specimens shall be prepared
using 90 percent of the assigned torque value. Allother tests shall have the specimens prepared lising the
assigned|value of torque. See 10.26 for markin@;requirements.

9.1.9.5A | For wire connectors with sheat-bolt style clamping means, all tests shall have the specimens
prepared|with the shear bolt tightened-to the point of shearing.

9.1.9.6 [onnectors having clamping screws with multiple tightening means (for example, a combination
slotted, hexagonal head screw) shall be tested using the multiple values of torque as specified in Table 21,
Table 22,|land Table 23.

9.1.10 Test assembly

9.1.10.1 | Specimens and the control conductor shall be connected in series and to a currenf source.
Tang-type connectors shall be bolted back-to-back, and equalizers shall be bolted together or to Igngths of
bus using the hardware specified in 9.1.10.2.

9.1.10.2 The following hardware shall be used to make the connections mentioned in 9.1.10.1; once the
initial assembly is completed, there shall be no subsequent retightening:

a) A bolt shall be plated steel, SAE Grade 2, UNC thread having a maximum standard diameter
compatible with the hole or holes in the connector tang and a minimum standard length allowing at
least a 2-thread projection through the nut, and the projection shall not exceed 6.4 mm (1/4 in) after
assembly.

b) A single flat washer shall be used on each side of the tang-to-tang or tang-to-bus connection.
These washers shall be plated steel having an SAE configuration compatible with the diameter of
the bolt.
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c) A nut shall be plated steel, and shall have a Class 2B, UNC thread and a hexagonal
configuration.

d) Clean, dry, nonlubricated screws and bolts and nuts shall be used.

e) The assembled hardware shall be torqued to the values in Table 24.

9.1.10.3 When the installation instructions (see 10.25) specify that a dished washer shall be used, the
design of the dished washer shall be such that the force needed to flatten the washer is as specified for the
corresponding bolt size in Table 25. The hardware shall be as follows:

a

o O

2

QO

9.1.10.4
sufficient
specified

density in excess of 1.55 A/mm? (1 000 A/in?) for copper or 1,24<A/mm? (800 A/in?) for aluminum

Table 20

9.1.10.5

measured center-to-center.

9.1.10.6
concerng

9.1.10.7

thermal barrier is used between assemblies. The thermal barrier shall extend at least 152 mm

vertical d

9.1.10.8
air by th
equalize
test conn
connectq

Is connection opposite the dished washer.

One plated or stainless steel dished washer per securing bolt shall be used.

A flat washer as mentioned in 9.1.10.2 b) shall be used on the side of the tang-to-tang g

Tests on a connector shall be conducted using other hardware, part segurement torqu

| necessary hardware and torque. See 10.25.

The lengths of the busbars mentioned in 9.1.10.1 shall besthe minimum necessary 1
contact area for the equalizers while maintaining the ‘center-to-center specimer
in 9.1.10.5. The cross-section dimensions of the bar shall be sufficient to prohibit a te

Individual connector/conductor specimens shall be separated by at least 457 mm (18

With reference to 9.1.10.5, the spacing may be reduced with the concurrence
d.

With reference to 9.1.10.5;,the spacing may be reduced to a minimum of 152 mm

irection and 25.4 mm (1 in) in a horizontal direction beyond the extremities of the conneg

Test assemblies-and the control conductor shall be suspended vertically or horizontg
e use of loose-fitting, nonmetallic tie straps around the conductors or by suspension

ections during handling of the specimens and reduce the transmission of tensile loads {
rs through test or supply conductors. See Figure 3 for an example of a vertical arrangen

r tang-to-

e values,

and dished or other washers having different characteristics, if the installation instructions specify

0 provide
spacing
st-current
bus. See

in) when

of those

6in) if a
6in)ina
tor.

lly in free
from the

s supportediin turn by nonmetallic blocks. The method used shall reduce the disturbangce of the

o the test
ent.

les shall

9.1.10.9
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be located a minimum of 610 mm (24 in) from the building floor, ceiling, and walls.

9.1.10.10 With reference to 9.1.10.9, the spacing need not be maintained if a solid insulating backboard
separates the test samples from the building floor, ceiling, or walls. Samples shall be spaced at least 102
mm (4 in) from the insulating backboard.

9.2 Current-cycling

9.2.1 Connectors intended for use with snap-on molded insulating covers or packaged with insulating
materials that are intended to be wrapped around the completed connector/conductor termination shall be

tested wi

thout the insulating covers or material installed.
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9.2.2 For a connector intended for paralleling conductors, the current-on time shall be the time it takes
for the connector to reach stable temperatures. The current-off time shall be the time it takes to reach
room temperature. Forced-air cooling may be employed to reduce the current-off time with the
concurrence of those concerned. These times shall be determined in the first 25 cycles of operation as
follows:

a) For all iterations of the first 25 cycles of operation, the time to stabilization shall be recorded.

b) The time to stabilization during each cycle of the first 25 cycles, for both the current-on time and
current-off time, shall be the time necessary for the test specimen to attain a stable temperature as
demonstrated by three readings at 10 min intervals showing no more than a 2°C variation between
arly two of the readings.

c)| The current-on time for the remaining 475 cylces shall be the longest interval of time to
stabilization measured during the first 25 cycles of operation.

d)| The current-off time for the remaining 475 cycles shall be determined byiselecting the gycle with
the longest interval of time for current-off time stabilization measured during the first 25 gycles of
operation. The current-off time for the remaining 475 cycles shall be-the'first of the three [readings
frgm this longest interval of time.

9.2.3 Tgmperatures shall be measured and recorded for at least 1 ¢ycle of each working day.

9.2.4 Tgmperatures shall be measured no sooner than the last,5 min of the normal current-on timwe. If the
size of th¢ test specimen set or the speed of the data acquisition system is such that not all meastirements
are completed within 5 min, the current-on time shall:be extended as necessary to complete such
measurements.

9.2.5 The current-off times may be reduced after the first 25 cycles of testing to the maximupm time it
takes any| connector to reach a stable temperature during the current-off period. Forced-air cooling may be
employed to reduce the current-off time with-the concurrence of those concerned. This current-¢ff period
shall be determined as follows:

a)|For all iterations of the first:25 cycles of operation, the time to stabilization for the current-off time
sHall be recorded.

b)| The time to current=off time stabilization during each cycle of the first 25 cycles shall bg the time
ngcessary for the' test specimen to attain a stable temperature as demonstrated by three |readings
at|10 min intervals showing no more than a 2°C variation between any two of the readings.

c)[The cutrent-off time for the remaining 475 cycles shall be determined by selecting the dqycle with
the longest interval of time for current-off time stabilization measured during the first 25 gycles of
ogeration. The current off-time for the remaining 475 cycles shall be the first of the three [readings

f ot 1 U S 1 £ 41
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9.2.6 For a connector intended for paralleling conductors, the initial currents through the conductors shall
be balanced so that the highest current in a conductor is not more than 125 percent of the current in any
parallel conductor. Current balance need not be attained if agreeable to those concerned.

9.3 Static-heating sequence

9.3.1 Static-heating test

9.3.1.1 Specimens shall be selected and prepared as described in 8 and 9.1.8, except that equalizers
shall not be used as it is necessary to insert the open end of the conductor through a bushing for the
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secureness test. A busbar sized in accordance with 9.1.7.3 may be used to facilitate connection between
test conductors.

9.3.1.2 The test assembly and securing hardware shall be as described in 9.1.10.
9.3.2 Secureness test

9.3.2.1 A connector shall be fastened to a length of conductor not less than 76 mm (3 in) longer than the
height specified in Table 26, and shall be rigidly secured in a vertical position simulating actual service
conditions. The free end of the conductor shall be passed through a bushing of the size specified in Table
26. The hushing shall be attached to an arm driven by a motor at a rate of approximately 9 rpom and in such
a manner that the center of the bushing describes a circle in a horizontal plane. See Figure 4. The circle
shall haye a minimum diameter of 76 mm (3 in), and its center shall be vertically below(the’ cerjter of the
conductqgr opening in the connector. The distance between the upper side of the bushing,and thg mouth of
the conngctor shall be within 12.7 mm (1/2 in) of height specified in Table 26. The bushing may|either be
lubricatefl or have a hole of a slightly larger diameter than specified in Table 26\so there is n¢ binding,
twisting, [or rotation of the conductor. A mass as specified in Table 26 shall be-Suspended from the free
end of the conductor.

9.3.2.2 |If a wire connector is intended to secure more than one condugctor at a time by a single|clamping
means, only one conductor in each combination shall be tested for secureness. If the conductprs in the
combination are of different sizes, separate specimens shall be used for testing each size of conductor.

9.3.2.3 |For the test of a splicing connector in which the\xconductors lie parallel to or in line with each
other, th¢ set-up shall be as illustrated in Figure 5. If the\connector is secured to conductors of different
sizes, the mass shall be attached to the smallest conductor and the entire assembly of donnector,
conductgrs, and mass shall be suspended by means of the largest conductor. The height H shall be
selected|from Table 26 according to the size of the ‘conductor to which the mass is attached. The value of
mass W|shall be selected from Table 26 aceording to the lesser value of the assembled cgnductors.
Terminal| connectors or other means that will distribute the stress uniformly among the strands of the
conductqgr shall be employed for attaching the mass and for securing the assembly to the framne of the
testing machine.

9.3.2.4 |A splicing connector in which the conductors do not lie parallel to or in line with each gther shall
be assembled to a length of.through conductor and a length of tap conductor, each of the size|for which
the conngctor is intended.\The assembly shall be supported by a U-shaped yoke, the arms of wt{ich grasp
the throygh conductor on’ each side of the connector approximately 50 mm (2 in) from the erds of the
connectqr. The depth:of the yoke shall be approximately 76 mm (3 in). The yoke shall be secured firmly to
the framg of the~tésting machine so that the tap conductor hangs vertically. The mass, which shall be
suspended fram.the free end of the tap conductor after it has passed through the bushing of the testing
machine| shall.be as specified in Table 26 according to the size of the tap conductor. The length of the tap
conductar shall be not less than 76 mm (3 in) more than the height specified in Table 26, corresgonding to
the size of the tap conductor. See Figure 6.

9.3.2.5 On a connector intended for paralleling conductors, the test shall be performed on four
specimens of entry hole if all conductor entry holes are identical in construction. If entry holes are not
identical, then the test shall be repeated using four different entry holes to represent the different
constructions.

9.3.3 Repeated static-heating test

9.3.3.1 The sample sets previously subjected to the static-heating test and the secureness test shall be
subjected to another static-heating test as described in 9.3.1.
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9.3.3.2 With reference to 9.3.3.1, a connector designed for paralleling conductors need not be subjected
to this test.

9.3.4 Pullout test

9.3.4.1 The same connectors and entry holes subjected to the secureness test shall be subjected to a
direct pull of the applicable value specified in Table 27 according to the lesser value of the assembled
conductors. For a connector intended to secure more than one conductor at a time by a single clamping
means, only those conductors that have been subjected to the secureness test shall be subjected to the
pullout test.

9.3.4.2 |For an insulated connector in which the insulation is assembled to the connectgr during
installation, the test shall be conducted with the insulation in place if it is always supplied|with the
connectof by the manufacturer. Otherwise the test shall be made without the insulatiomassembled to the
connectof.

9.3.4.3 | The pull shall be exerted by means of a tension-testing machine;~dead weights, |or other
equivalerft means so that there is no sudden application of force or jerking during the test.

Ndte: Breakage or tearing of the insulation of an insulated connector is allowed in thé pullout test.
9.4 Meghanical sequence
9.4.1 Secureness test
9.4.1.1 The test procedure described in 9.3.2 shall be,conducted.
9.4.2 Pullout test
9.4.2.1 The test procedure described in 9:3.4 shall be conducted.
9.5 Dielectric withstand
9.5.1 General
9.5.1.1 No specimen,shall be subjected to more than one dielectric-withstand test.

9.5.1.2 |With reference to 9.5.1.1, with the concurrence of those concerned, the unconditipned as-
received specimens used for Test A, insulation puncture (see 9.5.2) may be used for Test B, flashover (see
9.5.3).

9.5.2 Test A, insulation puncture

9.5.2.1 Three specimen sets shall be subjected to this testing, in the as-received condition, conditioned
t0 9.5.2.2, and conditioned t0 9.5.2.3.

9.5.2.2 Specimens previously assembled to conductors shall be conditioned in an air-circulating oven at
an elevated temperature corresponding to the insulation temperature rating, according to Table 10.

9.5.2.3 The specimens not previously assembled to conductors shall be conditioned for 168 h in an air-
circulating oven at 100° C. Connectors employing extended covers or sleeves may have the wires pre-
installed, but not crimped, prior to the oven aging. The specimens shall then be allowed to cool to room
temperature. Following the oven conditioning, the specimens having insulation of hygroscopic material,
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such as nylon, shall be conditioned for 24 h at a relative humidity of 85 + 5 percent at 30 + 2°C. The
specimens shall then be assembled (or crimped) to conductors in the intended manner.

9.5.2.4 Each specimen shall be connected to a conductor(s) in the intended manner, and be subjected to
a test voltage applied between the conductor(s) and an outer electrode. The test voltage shall be applied
for 1 min and shall be in accordance with Table 28 based on the rated connector voltage. Puncture of the
conductor insulation during this test is inconclusive and shall require retesting.

9.5.2.5 Only that portion of the outer insulating surface that covers current-carrying parts shall be
covered with the outer electrode. Each specimen shall be embedded in No. 7-1/2 conductive shot that is to
serve as[the outer efectrode. A smatfer than No. 7-172(higher size number) shot may be used with the
concurrence of those concerned. Conductive metal foil shall be used as the outer electrgde for a
connectqr that uses a separable cap that is intended to be applied after assembly of the conducfors to the
connectqr, or when a connector has openings that will allow entry of the shot.

9.5.2.6 |A connector that has openings that allow the entrance of shot, potentially-resulting in flashover,
shall have those openings closed with tape, petrolatum, epoxy, silicone, rubbef;;6r other suitabld material.
The expgsed tang of a terminal connector shall be similarly treated. This supplementary insulating material
shall not|be applied so as to supplement the connector insulation wherelit Covers live parts. If|flashover
between|the electrode and a normally insulated live part occurs, the‘supplementary insulation may be
repaired jand the test repeated.

9.5.3 Test B, flashover

9.5.3.1 |Each specimen shall be connected to a conductor(s) in the intended manner, and be supjected to
a maximum test voltage applied between the conducter (s) and an outer electrode. The maximum test
voltage $pecified in Table 28 shall be selected based on the rated connector voltage. Puncture of the
connectqr insulation during this test is inconclusive and shall require retesting.

9.5.3.2 |With reference to 9.5.1.2 (conducting Test A and Test B on the same specimens), the Test A
voltage s$pecified in 9.5.2.4 shall be applied for 1 min. The voltage may be reduced to 0 yolts. The
connectqr shall then be repositioned such that the conductor opening is even with the outer electfode. The
voltage ghall then be rapidly and steadily increased to the maximum test voltage specified in Tablg 28.

9.5.3.3 |Deleted

9.5.3.4 | A connector\having insulation in the form of a cap shall be embedded up to the ¢onductor
opening pf the insulator in No. 7-1/2 conductive shot that is to serve as the outer electrode. A smjaller than
No 7-1/2 (highef size number) shot may be used with the concurrence of those concerned. Any other
connectqr shall-have the surface immediately adjacent to the conductor opening covered with cpnductive
metal foil to'sefve as the outer electrode.

9.5.3.5 To reduce the occurrence of insulation puncture, the outer surface of the connector insulation
and any exposed tang shall be supplemented with tape, petrolatum, epoxy, silicone, rubber, or other
similar insulating material so that it does not interfere with the position of the outer electrode immediately
adjacent to the connector opening.

9.5.4 TestC, flashover

9.5.4.1 The test voltage specified in Table 29 shall be selected based on the rated connector voltage and
be applied for 1 min.
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9.5.4.2 Specimens shall not be assembled to conductors. The open end of the connector shall be placed
on a flat metal plate in a position most likely to result in flashover. The test voltage shall be applied
between the metal plate and all insulated metal parts of the connector.

9.6 Secureness of insulation

9.6.1 For other than a connector as described in 9.6.2, the insulation of a connector shall be subjected to
a direct pull of 89 N (20 Ib) for a connector employing 30 — 18 AWG (0.05 — 0.82 mm?) conductor or 133 N
(30 Ib) for any other connector. The force shall be applied for 1 min between the insulation and the
connector.

9.6.2 Connector insulation in the form of a tubular sleeve and intended for use with 10 AWG (5.3 mm?) or
smaller gonductors shall be subjected to a direct pull applied for 1 min between the)insulgtion and
connectof as specified in 9.6.3.

9.6.3 The test shall consist of applying:
a)lA 4.4 N (11b) pull on the following:
1) Unassembled, as-received specimens; and

2) Unassembled specimens after conditioning for 168 -h at 100 £ 1°C in an air-cjrculating
oven; cooling to room temperature; and, if madelof a hygroscopic material such gs nylon,
conditioning for 24 h at a relative humidity of 85'+,5% and a temperature of 30 + 2°C; and

b)|A 22 N (5 Ib) pull on the following:
1) Assembled as-received specimens;

2) Specimens that have been assembled to a conductor and then subjected to the oven
conditioning in accordance with Table 10; and

3) Specimens that have been assembled to a conductor after conditioning for 168/h at 100
1 1°C in an air-circulating oven, cooling to room temperature, and, if made of a hygroscopic
material such as nylon, conditioning for 24 h at a relative humidity of 85 + 5§t and a
temperature of 80 + 2°C.

9.6.4 The pull shall be exerted by means of a tension-testing machine, dead weights, or other efuivalent
means sq that there is no sudden application of force or jerking during the test.

9.6.5 A|temporary distortion of flexible insulating material during the test shall be allowed. Tearing or
breaking |of.the' insulation shall be allowed, provided that the connector complies with the dielectric-
withstand test when retested. The variety of designs of connectors is such that it is not praciicable to
specify in detail how to apply the pull. The arrangement shall be such that the tendency for the insulation
to be damaged or to be separated from the body is greatest.

9.6.6 A connector having flexible insulation that is assembled to the body of the connector after the latter
is assembled to a conductor or conductors shall not be subjected to the test specified in 9.6.1 and 9.6.2
until the insulation has regained its normal shape after being assembled to the connector.

9.7 Drop
9.7.1 The connectors shall be assembled so that 76 mm (3 in) of conductor extends from the ends of the

insulating cover. The test shall be conducted on as-received specimens, on insulating covers that have
been oven-conditioned to an elevated temperature corresponding to the insulation temperature ratings as
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specified in Table 10, and on specimens that have been subjected to minus 10°C for 2 h. The assemblies
that were oven conditioned shall be cooled to room temperature and subjected to the drop test. The
assemblies that have been subject to minus 10°C for 2 h shall be subjected to the drop test within 30 s
after removal from the cold box.

9.7.2 The drop test shall consist of dropping the insulation covers and connectors onto a maple board
from a height of 914 mm (3 feet). Each as-received assembly and oven-conditioned assembly shall be
dropped four times so that an impact occurs at the top, bottom, sides, and edges. Specimens subjected to
minus 10°C conditioning shall be dropped only once so that the point of impact is that judged to be the
most severe from observation of the drop test on the as-received and oven-conditioned specimens.

Cracks shall be allowed if the assemblies successfully comply with the requirement in 9.8.

9.8 Dielectric voltage-withstand after drop

©

9.8.1 An insulating splicing connector that has been subjected to the drop testcdescribed in[ 9.7 shall

additionaglly be subjected to the insulation puncture test in 9.5.2.

9.9 Fleking

9.9.1 Tlhe flexing test shall be conducted on insulating covers inthe as-received condition, after oven
conditiorfing to an elevated temperature corresponding to the insulation temperature ratings as specified in
Table 10[and after conditioning at minus 10°C for 2 h. The spe¢imens conditioned at minus 10°€ shall be
allowed fo attain room temperature after the removal from.the cold chamber before flexing is conducted.

9.9.2 The cover shall be completely opened and cclosed 20 times. If flexible extensions are| provided
around the conductors, the conductors shall also*be flexed 20 times. Distortion of the flexible extensions
shall be allowed if, after 24 h, they return to theireriginal shape and position.

9.10 Low temperature installation

9.10.1 |In Canada, the connectors;:short lengths of insulated wires, and the applicable hand pr ratchet
tools shgll be placed in a cold chamber for 1 h to allow all of the parts to reach a uniform temperature of
minus 10 = 1°C. The installation of the connectors on the wires shall be performed in the cold| chamber
and the $pecimens shall besremoved from the cold chamber and immediately examined for any|evidence
of damage.

In the Unjited States"and Mexico, the requirements of 9.10 do not apply.

9.11 Mpoisture absorption

9.11.1 Specimens used for the moisture-absorption test shall be clean and dry. The insulation of each
connector shall be broken, weighed, and then submerged in distilled water at room temperature for 24 h.
After removal from the water, it shall be dried with a soft cloth to remove all surface water before
reweighing.

9.12 Stress corrosion/moist ammonia (NH,)

9.12.1 Each test specimen shall be subjected to the physical stresses normally imposed on or within a
part as the result of assembly. Such stresses shall be applied to the specimens prior to and maintained
during the test. Specimens shall be assembled to a 152 mm (6 in) length of the maximum rated size
conductor and torqued to the value in 9.1.9.4 or 9.1.9.5.
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9.12.2 The specimens shall be degreased and then continuously exposed in a set position for 10 d to a
moist ammonia-air mixture maintained in a glass chamber approximately 305 x 305 x 305 mm (12 x 12 x
12 in) having a glass cover.

9.12.3 Approximately 600 ml of aqueous ammonia having a specific gravity of 0.94 shall be maintained
at the bottom of the glass chamber below the specimens. The specimens shall be positioned 38 mm (1-1/2
in) above the aqueous ammonia solution and supported by an inert tray. The moist ammonia-air mixture in
the chamber shall be maintained at atmospheric pressure and a temperature of 34 £ 2°C.

9.13 Stress corrosion/mercurous nitrate (HgNO;)

9.13.1 $pecimens shall be immersed in an aqueous solution of 100 g of mercurous nitrate’and 13 ml of
nitric acid (specific gravity of 1.42) per liter for 15 min. Evidence of cracking shall be determined with
normal or corrected vision without magnification.

10 Marking, Labeling, and Packaging

Advisory Note: In Canada, there are two official languages, English and French. All:markings required by this Standard
m4y be in other languages to conform with the language requirements where the product is to be used.

10.1 Regquired marking locations shall be in accordance with 10.2¢— 10.41. Refer to Annex E a$ a guide
for marking locations.

10.2 A fonnector shall be legibly marked with:

a)l The manufacturer's name, trademark, or other descriptive marking by which the orggnization
regponsible for the product is identified;

b)|A distinctive catalog number or the equivalent; and

c)|The conductor size or ranges of sizes.

10.3 In |ieu of the markings in 10.2:byor c¢), or both, a connector shall be marked with a single identifying
symbol. This symbol may be an individual catalog number, a type designation, a size designation| such as
12, or anl equivalently significant symbol. Each unit container containing connectors so identified or an
informatign sheet packed in-the unit container shall be marked with the information specified in 10.2 a), b),
and c). Altype designation;is intended primarily to identify a particular design, which may includ¢ various
features govered by different catalog numbers.

10.4 With reference to 10.2, a soldering lug shall be marked with the manufacturer's name or tragdemark.

10.5 Withureference to 10.2 c), the conductor-size marking on a connector intended for asseqnbly to a
conductor(s) by means of a specific tool may be a symbol or color, provided that its significance, in terms
of a conductor size or sizes, is clearly marked on the tool (die).

10.6 A connector intended for copper conductor only shall be legibly marked with "CU" on:
a) The connector;
b) Its unit container; or

¢) An information sheet packed in the unit container.

10.7 A connector rated for use with aluminum conductor only shall be legibly marked with the letters
I "AL". In lieu of the marking on the connector, for connectors used with 6 AWG (13.3 mm?) / 16 mm? or
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smaller conductors, the letters "AL" may be marked on the unit container or on an information sheet
packed in the unit container.

10.8 A connector intended for use with aluminum, copper-clad aluminum, and copper conductor shall be
legibly marked "AL-CU" or "CU-AL". In lieu of the marking on the connector, for connectors used with 6
AWG (13.3 mm?) / 6 mm? or smaller conductors, the letters "AL-CU" or "CU-AL" may be printed on the unit
container or on an information sheet packed in the unit container.

10.9 If a connector is intended for use with an aluminum or copper-clad aluminum conductor of one size
or range of sizes and with a copper conductor of a different size or range of sizes, the conductor-size
marking shaitclearty differentiate the size or range of sizes of the afuminum or copper-cladaluminum
conductqrs, and also the size or range of sizes of the copper conductor, for which the connector'i$ rated.

10.10 Ipregards to 10.9, a single wire range may be marked when:

a) The maximum wire size for both copper and aluminum or copper-clad.aluminum is the same;
and

b) The minimum aluminum and copper-clad aluminum wire size for both copper and aluminum or
bpper-clad aluminum is the same or the minimum copper wire.size is smaller than 12 AWG (3.31
m?)/ 4 mm?2.

30

Nbte: It is understood that the minimum available aluminum or copperéelad aluminum conductor size is 12 AWQ (3.31 mm?)
/4 mm? even though a wire range may include smaller copper wire'sizes. For example: a wire range of 1/0 — 14 AWG (53.5
— .08 mm?) /50 — 2.5 mm? is interpreted as 1/0 — 14 AWG (53.5£ 2.08 mm?) / 50 — 2.5 mm? copper conductofs and 1/0 —
12 AWG (53.5 - 3.31 mm?) / 50 — 4 mm? aluminum or copper-tlad aluminum conductors.

10.11  Wnless any rearrangement or adjustment.offa connector that is necessary to adapt it fo various
sizes of gonductor is obvious, it shall be clearly indicated by size markings or other instructions appearing
on:

a) The connector;

O

Its unit container; or

c] An information sheet packed in the unit container.

10.12 A connector, a unit-Container, or an information sheet packed in the unit container for a ¢onnector
tested with conductors.other than Class B, SIW, or Class C stranding (see 9.1.5.5) shall also b marked
with the ¢onductor/lass or classes.

10.13 A connector tested with a solid or stranded conductor other than as specified in 8.1.9 shall be
marked "[Solid" or "Stranded" or with both markings as applicable. See 10.14.

10.14 The "Solid" and "Stranded" markings in 10.13 may be:
a) Abbreviated "Sol" and "Str" respectively; or

b) Provided on the unit container or on an information sheet packed in the unit container, if there is
insufficient space on the connector for either the complete or the abbreviated marking.

10.15 A procedure that must be followed for proper assembly of a wire connector to a conductor shall be
provided as follows:

a) USE OF A SPECIFIC TOOL REQUIRED - If a connector is intended to be assembled to a
conductor (s) by a specific tool, the tool designation or the designation of a removable tool part,
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such as a pressing die, shall be marked on the connector, or on or within the unit container in which
the connector is packed. The marking shall be by at least one of the following means:

1) Catalog or type designation;

2) Color coding;

3) Die index number; or

4) Other equivalent means.
b)MUEHPLEE-CRIMPING-OPERAHONS—Information-shattappeareither—————

1) On the unit container in which the connector is packed,;

2) On the tool or pressing die that must be used for its application;

3) On the carrying case provided for permanent storage of the tool anddies; or

4) On the connector.

Location of the crimping points only, without additional instructions, may be marked on the

connector if the additional required information is located.as indicated in item 1), 2)] or 3).
c)|CONDUCTOR STRIP LENGTH - Strip length marking.as specified in Table 18 shall appear:

1) On the connector;

2) On the unit container or on an information sheet contained therein;

3) On an insulating cover; or

4) On the tool or on the carrying'Case provided for its permanent storage if:

i) The connector.requires the use of a specific tool for its application; and
ii) The strip length applies to all insulated connectors with which the tool is uped.

d)|PRELIMINARY PREPARATION OF CONDUCTOR REQUIRED - Instructions for preparation of
the conductors, such)as use of compound or twisting conductors together before assemply, shall
appear on the unit-eontainer or an information sheet packed in the unit container.

10.16 An insulated connector shall be marked with the voltage rating. The marked voltage rafing shall

be: "300 |voltssmaximum", "600 volts maximum", "1000 volts maximum", "1500 volts maximunp", "2000

volts maj :

equivalentwe

unit container.

10.17 Copper-bodied connectors intended for copper conductors only are rated 90° C and are not
required to be marked with a connector temperature rating. For an insulated copper-bodied connector, the
operating temperature rating of the insulation may exceed 90°C when tested and so marked. See Table 1
and Table 10.

10.18 An aluminum-bodied connector intended for copper conductors only (see 7.1.10) shall be marked
with a connector temperature rating in accordance with 10.19 (e.g., CU75, CU7, CU90, or CU9).

10.19 A connector rated for AL or AL-CU shall be marked with the connector temperature rating, 75°C or
90°C, as tested in the current-cycling test. For a connector with integral insulation, the temperature rating
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shall not exceed the operating temperature rating of the insulation. In lieu of the marking on the connector,
for connectors used with 6 AWG (13.3 mm?) / 16 mm? or smaller conductors, the temperature rating shall
be printed on the unit container or on an information sheet packed in the unit container.

10.20 With reference to 10.19, a 7 may be used to represent a 75°C marking and a 9 may be used to
represent a 90°C marking. For a connector marked for use with only aluminum, the single digit shall follow
the letters; for example, "AL7." The 7 or 9 shall be incorporated in place of the dash in a marking such as
"AL-CU" or "CU-AL"; for example, "AL7CU" or "CU7AL."

10.21 An insulated connector shall be marked with the maximum operating temperature limit of 75°C or
90°C.

10.22 With reference to 10.21, the marking may be on the unit container or on an infermation sheet
packed in the unit container.

10.23 \Vith reference to 10.21, a unit container or an information sheet packed in<the unit contginer may
be marke¢d with a temperature rating that exceeds 75°C or 90°C provided the\marking clearly states that
the rating is that of the insulating material such as "Temperature Rating of)lnsulating Material |  °C ."
See Table 1.

10.24 A connector intended for intermixing between conductor, types shall be additionally marked
"(intermixed — dry locations)" immediately following the marking in" 10.19 or 10.20; for exampl¢, AL7CU
(intermixed — dry locations). See 6.1.5.

10.25 Ipstallation instructions specifying the proper assembly procedures as mentioned in 9.1.8.5 and for
the secufing hardware mentioned in 9.1.10.3 and 9:1.10.3 c) shall be provided on the unit coptainer in
which the connector is packaged or on an information sheet packed in the unit container.

10.26 If the connector has an assigned tightening torque value, as described in 9.1.9.5, the|assigned
value shall be marked where readily visible on:

a) The connector;
b) The unit container; or

c] An information sheet packed in the unit container.

10.27 A blank tang“connector (no mounting hole) shall be provided with installation ingtructions
specifying:

a) The minimum mounting hole size or range and the mounting hole location; or

by Thatthe connector ang IS 10 be welded.

10.28 With reference to 10.27, the installation instructions shall be on the unit container in which the
connector is packaged or on an information sheet packed in the unit container.

10.29 A connector with an assigned ampere rating shall be marked with the assigned ampere rating; for
example, "100 A" in addition to the other applicable markings. For a connector intended for conductor
sizes 6 AWG (13.3 mm?) or smaller, the marking may be on the unit container or on an information sheet
packed in the unit container.

10.30 A unit container or an information sheet shall be marked with:

a) The manufacturer's name; and
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b) A distinctive catalog number of the connector or the equivalent if the marking is provided as
specified in 10.35.

10.31 A separable insulating cover of a splicing connector shall be marked with:

a) The manufacturer's name;

b) A distinctive catalog number or the equivalent;

c) The voltage rating (see 10.16); and

d)[The maximum operating temperature of the insulation (see 10.217 — 10.23).

10.32 With reference to 10.31, the voltage rating, c¢), and operating-temperature limit, d)ymay be marked

on the unijt container if such container is also marked as specified in a) and b).

10.33 A connector additionally rated for use with metric conductors shall have’the metric wire range

marked in close proximity to the rated AWG/kcmil wire range either on the gonhector, unit con

informatid

10.34 A
metric wir

a)
b)

c)

f

~

A connedg
marked.

10.35 T

sheet. If any of the(required markings are placed either on the unit container or on the informat

packed in
clauses ir

n sheet within the unit container.

connector rated for use with specific metric conductors shall be marked in close proxim
e range marking with the following, as applicable:

“Class 1” or “Rigid Solid”;
“Class 2” or “Rigid Stranded”;
“Class 1 and 2,” “Rigid Solid and Stranded,’‘or the letter “r” for rigid solid and rigid strang
“Class 5”

“Class 6”; or

Class 5 and 6,” “Flexible,” .or the letter “f” for flexible.

tor rated for rigid, salid, rigid stranded, and both Class 5 and 6 flexible conductors neq
Solid” and “Stranded™ may be abbreviated as “Sol” and “Str” respectively.

he information in a marking shall not be divided between a unit container and an inf

the unit container, rather than on the connector, then all applicable markings as specif
theirentirety shall be so placed.

tainer, or

ity to the

d not be

lormation
on sheet
ed in the

10.36 V

reference to an identifying number on an information sheet as described in 10.37.

ith reference to 10.35, a unit container of ten or fewer connectors may be marked with a

10.37 The information sheet mentioned in 10.35 shall be marked with the manufacturer's name, an
identifying number as mentioned in 10.36, the catalog number of the connector to which it pertains or
equivalent, and all the necessary information required by 10.14 b), 10.15, 10.16, 10.19, 10.26, 10.29, and
10.41. The information sheet, one for each unit container, shall be packed in the packaging container.

10.38 A connector meeting the requirements of 7.10.1 shall be marked with the letters "OEM".

10.39 In the United States, connectors additionally rated for 2 AWG (33.6 mm?) / 35 mm? and larger
compact copper shall be marked "For compact-stranded copper conductors" or the equivalent on the

connecto

r, unit container, or an information sheet packed in the unit container.
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10.40 In Canada and Mexico, connectors for use with compact copper need not be marked as required
by 10.39.

10.41 The flammability classification of the insulating material may be marked on the connector, smallest
unit container, or on an information sheet placed in the smallest unit container. See 6.2.5.

10.42 In addition to other requirements in Section 10, exothermically welded wire connectors shall be
provided with installation instructions on the unit container in which the connector is packaged or on an
information sheet packed in the unit container. These installation instructions shall include the following
information:

a) ldentification of all materials involved in the process;

Unless provided in the form of a kit, with premeasured amounts of mixture — the-recommended
eight of mixture for the size and type of wires to be connected;

s o

c) Installer’'s and inspector’s guide for electrical connections, which shall include the|following
formation:

5

1) Details regarding the preparation of all materials involved\in the process; and

2) Instructions on how to inspect the mold cavity (i.e., ‘ensuring it is dry and clean) prior to
use,

In lieu of|the markings in 10.2 appearing on the wire conneg¢tor; exothermically welded connectors shall be
permitted to have those markings appear on the smallestunit container containing the components of the
system.

Table 1
Operating temperature ratings of connector insulation materials

(Clauses 6.2.4, 10.17, and 10.23)

Material Temperature, °C
Thermoplastic? 75
90
105
125
150
Phenolic 150
Urea® 100
Melamine 130
Melamine® 150

@ Assigned by the manufacturer.

b Composition may be filled or unfilled.

¢ Unless the compound has been found by test to meet the requirements for use at a higher temperature.
4 Composition with a specific gravity less than 1.55.

¢ Composition with a specific gravity 1.55 or more. Compound may have cellulosic filler material.
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Soldering lug minimum dimensions

Table 2

(Clauses 6.3.3 and 6.3.4)

Size of conductor

Diameter of

Depth of conductor

Wall thickness

Contact area

conductor hole hole
AWG or (mm?) mm (in) mm (in) mm (in) mm? (in?)

kemil
10 (5.26) 36 (0.143) 8.64 (0.34) 1.14 (0.045) 75.5 (0.117)
8 84 4.1 0-464) 6.1 0-24) 0.81 (6-032) 143 (0.175)
6 (13.3) 58 (0.232) 8.9 (0.35) 0.81 (0.032) 161 (0.250)
5 (16.9) 58 (0.232) 8.9 (0.35) 0.81 (0.032) 178 (0.275)
4 21.2) 6.4 (0.253) 9.6 (0.38) 0.81 (0.032) 226 (0.350)
3 (26.7) 76 (0.300) 1.4 (0.45) 1.02 (0.040) 258 (0.400)
2 (33.6) 8.5 (0.336) 12.7 (0.50) 1.02 (0.040) 290 (0.450)
1 (42.4) 95 (0.375) 14.2 (0.56) 1.02 (6:040) 323 (0.500)
1/0 (53.5) 10.1 (0.398) 15.2 (0.60) 1.30 (0.051) 403 (0.625)
2/0 (67.4) 1.4 (0.450) 17.0 (0.67) 1.30 (0.051) 484 (0.750)
3/0 (85.0) 12.7 (0.500) 19.1 (0.75) 30 (0.051) 565 (0.875)
4/0 (107.2) 14.2 (0.559) 21.3 (0.84) 1.57 (0.062) 726 (1.125)
250 (127) 16.5 (0.650) 24.6 (0.9%) 1.57 (0.062) 806 (1.250)
300 (152) 17.8 (0.700) 26.7 (1:05) 157 (0.062) 887 (1.375)
350 (77) 18.8 (0.750) 28.2 (1.11) 1.57 (0.062) 968 (1.500)
400 (203) 19.7 (0.775) 295 (1.16) 1.83 (0.072) 1048 (1.625)
500 (253) 21.1 (0.830) 345 (1.24) 1.83 (0.072) 1290 (2.000)
600 (304) 23.4 (0.920) 33.8 (1.33) 2.29 (0.090) 1451 (2.250)
700 (354) 26.7 (1.050) 39.9 (1.57) 2.44 (0.096) 1613 (2.500)
800 (405) 27.4 (1:080) 41.1 (1.62) 2.44 (0.096) 1774 (2.750)
900 (456) 28.6 *)125) 42.7 (1.68) 2.44 (0.096) 1965 (3.000)
1000 (508) 30.7 (1.209) 46.0 (1.81) 2.79 (0.110) 2096 (3.250)
1100 (558) 33,5 (1.320) 50.3 (1.98) 2.79 (0.110) 2225 (3.450)
1200 (609) 34.9 (1.375) 523 (2.06) 2.79 (0.110) 2354 (3.650)
1300 (660) 36.6 (1.440) 54.9 (2.16) 3.68 (0.145) 2483 (3.850)
1400 (708) 37.1 (1.460) 556 (2.19) 3.68 (0.145) 2612 (4.050)
1500 (759) 37.1 (1.460) 55.6 (2.19) 3.68 (0.145) 2741 (4.250)
1600 (842} 444 (4626} 647 (2-43) 3-68 (6-445) 2876 (4.450)
1700 (862) 4222 (1.660) 63.2 (2.49) 368 (0.145) 2999 (4.650)
1800 (912) 42.2 (1.660) 63.2 (2.49) 3.96 (0.156) 3128 (4.850)
1900 (964) 42.2 (1.660) 63.2 (2.49) 3.96 (0.156) 3257 (5.050)
2000 (1016) 42.2 (1.660) 63.2 (2.49) 3.96 (0.156) 3386 (5.250)
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Table 3
Test sequences for all connectors

(Clauses 7.1.1 and 8.1.2)

Sequence
1 22 3b 4°
Current-cycling Static-heating Secureness Stress Corrosion
Secureness Pullout

Static-heating (repeated)

Pullout

Notg — Table 3 applies to connectors for non-parallel applications, in which case Table 4 would not be applicable’
However, some connectors may have dual functionality, both parallel and non-parallel, in which case both Tables afe

appl|cable.

b Th

® The¢ stress corrosion test, either moist ammonia or mercurous nitrate, need only be conductéd for copper alloy pafts

a ThE series of tests is referred to as static-heating sequence.
series of tests is referred to as mechanical sequence.

not gonforming to the copper requirements in 7.12 and 7.13.

Table 4

(Clauses 7.1.1 and 8.1.2)

Test sequences for all connectors intended.for-parallel conductors

Sequence
1 2 32 4b
Current-cycling Static-heating Secureness Stress Corrosion
Pullout

Notg — Table 4 applies to connectors for parallél applications, in which case Table 3 would not be applicable. Howeyer,
somg connectors may have dual functionality;’both parallel and non-parallel, in which case both Tables are applicable.

2 This series of tests is referred to ashechanical sequence.

b The stress corrosion test, either maist ammonia or mercurous nitrate, need only be conducted for copper alloy pafts
not gonforming to the copper requirements in 7.12 and 7.13.

Table 5

(Clauses 7.1.1 and 8.1.2)

Additional-tests for insulated connectors or connectors employing insulating covefs

o
Jequence

1 2 3 4 52 6°
Dielectric Secureness of Drop Flexing Low temperature Moisture
withstand insulation installation absorption

Dielectric
withstand (after
drop)

Notes:

followed.

1) For connectors employing separable insulating covers, latches, and locks, Sequences 1 and 3 shall be followed.

2) For connectors employing separable insulating covers with hinges, latches, and locks, Sequences 1, 3, and 4 shall be

Table 5 Continued on Next Page
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Table 5 Continued

Sequence

1 2 | 3 | 4 | 52 6°

3) For all other insulated connectors, Sequences 1 and 2 shall be followed.

additional test for Canada only.

b Applicable only to porcelain or cold molded insulating materials.

@ Applicable to insulated connectors where the crimping application is applied through the insulating material. This is an

Table 6
Conductor materials to be used in test sequences

(Clauses 7.1.6 and 8.2.4)

Conductor for which connector is intended Conductor used in test'sequences
Copper? Copper
Aluminum Aluminum
Copper-clad aluminum Copper-clad aluminum
Copper to fcopper® Copper
Aluminum|to aluminum® Aluminum
Copper-clad aluminum to copper-clad aluminum® Copper<clad aluminum
Copper to pluminum?®, intermixed Copper to aluminum

Notes:
1) Anl conductor material may be used for the Dielectric Voltage-Withstand Test sequence.

2) If g connector is rated for copper to copper, aluminum te.aluminum, and copper to aluminum (intermixed), the me:
sequence with copper to aluminum conductor may be.gmitted.

3) In all test sequences, aluminum conductor représents tests with copper-clad aluminum conductor.
@ Single cqnductor in an opening.
® Two or nfore conductors in an opening.

hanical
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Table 7
Test current” for connectors intended for a single conductor, A
(Clauses 7.2.1, 7.3.1, 8.2.Z, 8.3.Z, and 8.3.3)
Copper Aluminum and copper=clad alyminum
Current-cycling connector As- Current-cycling connector
Conductor size Assigned temperature rating® signe:d temperpture rating? On (and off)
maxf- maxi- times for
mum mum current-
AWG or kcmil ampdre Static- ampere Static= cycling
(mm?) mm2i | rating® heating®®9 75°C99 90°C *9 rating® heating®<9 75°C99 90°C®9 hours'
30 (0.05) - 0.5 3 3.5 4 - - - - 1
28 (0.08) - 0.8 35 4 5 - - - - 1
26 (0.13) - 1 5.5 6 8 - - - - 1
24 (0.20) - 2 7 8 10 = - - - 1
22 (0.32) - 3 9 12 13 - - - - 1
- - 0.5 4.8 1.7 15.6 16.6 1
20 (0.52) - 5 12 16 7 - - - - 1
- - 0.75 6.5 15.8 18.3 22.4 1
18 (0.82) - 7 17 19 24 - - - - 1
- - 1 8 17.4 19.4 26.6 1
16 (1.31) - 10 18 20 31 - - - - 1
- - 1.5 11.2 21 232 33.2 1
14 (2.08) - 15 [20] 30 [22] 33 [27] 40 - - - - 1
- - 25 16.1 [21.7] 317 [24] 35 [31.4] 44.8 1
12 (3.31) - 20 [25] 35 [28] 39 [40] 54 15 [20] 30 [22] 33 [29] 43 1
- - 4 231 [30.3] 403 [34] 45 [47] 61.4 18.5 [23.5] 335 [26.2] 37.2 [35] 49 1
10 (5.26) - 30 [40] 50 [45] 56 [60] 75 25 [30] 40 [34] 45 [46] 60 1
- - 6 34.1 54.7 61.7 81 28.5 43.6 48.9 64 1
8 (8.37) - 50 70 80 100 40 55 60 77 1
- - 10 55 78.3 88.3 110 43.3 61.6 68.3 85.3 1
6 (13.3) - 65 95 105 131 50 75 85 102 1
- - 16 71.8 105 117 146 55.1 83.5 93.5 115 1

Table 7 Continued on Next Page
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Table 7 Continued
Copper Aluminum and copper-clad aluminum
rL Current-cycling connector As- Current-ecy¢ling connector
Conductor size Assigned temperature rating® signed temperdture rating® On (and off)
maxit maxi- times for
munm mum current-
AWG or kcmil ampefe Static- ampere Static- cycling
(mm?) mm2i | ratind® heating®®9¢ 75°C99 90°C ®9 rating® heating®®9 75°C%9 90°Ce9 hours'
4 (21.2) - 85 125 140 175 65 100 110 140 1
- - 25 105 132 149 185 68.4 105 115 147 1
3 (26.7) - 100 145 165 205 75 115 125 160 1
(33.6) - 115 170 190 240 90 135 150 190 1
- - 35 117 174 195 246 91.6 138 154 194 1
1 (42.4) - 130 195 220 275 100 155 175 215 1
- - 50 144 219 244 306 M4 172 192 239 1
1/0 (53.5) - 150 230 255 320 120 180 200 250 1
2/0 (67.4) - 175 265 300 370 135 210 230 295 1
- - 70 179 272 307 380 138 214 236 301 1
3/0 (85.0) - 200 310 345 435 155 240 270 335 1
- - 95 214 333 372 467 166 258 290 360 1
4/0 (107) - 230 360 405 505 180 280 315 390 1-1/2
- - 120 246 389 431 544 196 303 338 423 1-1/2
250 (127) - 255 405 445 565 205 315 350 440 1-1/2
- - 150 283 442 496 620 228 347 387 486 1-1/2
300 (152) - 285 445 500 625 230 350 390 490 1-1/2
350 (177) - 310 505 555 708 250 395 435 555 1-1/2
- - 185 318 547 570 726 256 404 446 567 1-1/2
400 (203) - 335 545 605 765 270 425 470 595 1-1/2
- - 240 368 601 668 843 417 470 522 658 2
500 (253) - 380 620 690 870 310 485 540 680 2
- — 300 417 685 768 950 338 536 595 754 2
600 (304) - 420 690 775 968 340 540 600 760 2
700 (355) - 460 755 850 1055 375 595 675 835 2

Table 7 Continued on Next Page
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Table 7 Continued
Copper Aluminum and copper-clad aluminum
L Current-cycling connector As- Current-cgEIing connector
Conductor size Assigned temperature rating? signe:d temperpture rating? On (and off)
maxj maxi- times for
mur] mum current-
AWG or kcmil ampdre Static- ampere Static- cycling
(mm?) mm2i | ratin heating®®9 75°C99 90°C *9 rating® heating®°®9 75°C99 90°C®9 hours'

750 (380) - 475 785 885 1100 385 620 700 870 2

- - 400 487 809 913 1132 393 640 720 898 2
800 (405) - 49( 815 920 1140 395 645 725 905 2
900 (456) - 52( 870 980 1220 425 700 785 980 2

- - 500 543 926 1036 1298 442 743 832 1040 2
1000  (507) - 545 935 1045 1310 445 750 840 1050 2

- - 630 589 1062 1182 1486 484 853 947 1192 3
1250  (633) - 590 1065 1185 1490 485 855 950 1195 3
1500  (760) - 624 1175 1320 1645 520 950 1064 1330 3

- - 800 633 1208 1356 1691 528 981 1104 1374 3
1750  (887) - 65( 1280 1435 1790 545 1050 1174 1470 3

- - 1000 664 1376 1531 1928 559 1142 1271 1599 3
2000 (1010) - 664 1385 1540 1940 560 1150 128( 1610 3

2S8ee 7.2,8.2,and 9.2.

® Values for 30-16 AWG (0.05 — 1.31
Table 310.16 of ANSI/NFPA 70 and
of ANSI/NFPA 70, Tables 1, 3, and j

©Values for 14 AWG (2.08 mm?) an
C22.1, and Table 310-16 of the Stan

94 Values are approximately 112 perd
© Values for 8 AWG (8.4 mm?) and I3
fSee 9.2.5.

9 Values in brackets apply to conned

" Test current shall be from a 60 Hz

lent of the static-heating test currents.

tors with-assigned ampere ratings.

NG power source.

mm?) are based on the 75°C columd in Table 12.5.1 of ANSI/NFPA 79. Values for 14-10 AWG (2.08-5.26 mm
the overcurrent protection limifatiohs for these wire sizes. Values for 8 AWG (8.37 mm?) and larger are based
B of the Canadian Electrical‘Code, C22.1, and Table 310-16 of the Standard for Electrical Installations, NOM-

larger are for 75°C single‘conductor in free air ampacities, National Electrical Code, ANSI/NFPA 70, Table 3 d
dard for Electrical Installations, NOM-001-SEDE.

rger conductors are approximately 140 percent of the static-heating test current.

Values in the mm? column represer

of the values for AWG/kcmil conductors, as permitted in ANSI/NFPA 70, Section 310.15(A).

) are based on the 60°C column in
n the 75°C column in Table 310.16
01-SEDE.

if the Canadian Electrical Code,

tthe common sizes Tor metric conductors, as specitied in [IEC 60228, Corresponding ampacities and test currents are determined by interpolation

Note — Conductor sizes between values provided in the table may be used for testing and rating connectors. Test currents shall be determined by interpolation of adjacent conductors
based on the conductors area. See Table F.1 for conductor area.
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Table 8
Static test currents® for connectors intended for paralleling conductors, A
(Clauses 7.3.1 and 8.3.3)
Conductor sizes Number and material of conductors
Two Three Four
Copper Aluminum Copper Aluminum Copper Aluminum
and and and
copper- copper- copper-
AWG or . clad clad clad
kemil LLLLLL) mm* aluminum aluminum aluminum
1/0 (53.5) - 300 240 450 360 480 384
2/0 (67.4) - 350 270 525 405 560 432
- - 70 357 276 536 414 572 441
3/0 (85.0) - 400 310 600 465 640 496
- - 95 427 333 641 499 684 532
4/0 (107) - 460 360 690 540 736 576
- - 120 504 393 755 589 942 735
250 (127) - 527 410 790 615 1053 820
- - 150 575 451 862 678 1150 903
300 (152) - 579 455 868 683 1158 910
350 177) - 657 514 985 770 1314 1028
- - 185 673 526 1009 788 1346 1052
400 (203) - 709 553 1063 829 1418 1106
- - 240 781 6 1171 916 1562 1221
500 (253) - 806 631 1209 946 1612 1262
- - 300 1017 796 1527 1194 2034 1592
600 (304) - 1035 810 1554 1215 2070 1620
700 (355) - 1133 893 1699 1339 2266 1786
750 (380) - 1178 930 1767 1395 2 356 1860
- - 400 1214 960 1821 1441 2428 1921
800 (405) = 1223 968 1834 1452 2446 1936
900 (456) - 1305 1050 1958 1575 2610 2100
- - 500 1390 1115 2084 1672 2779 2229
1000 (507) - 1403 1125 2104 1688 2806 2250
- - 630 1593 1378 2390 1918 3187 2558
1250 (633) - 1598 1383 2397 1924 3196 2 566
1500 (760) = 763 425 2044 2138 3526 2850
- - 800 1812 1472 2 596 2209 3625 2944
1750 (887) - 1920 1575 2880 2363 3840 3150
- - 1000 2065 1713 3098 2570 4130 3426
2000 (1010) - 2078 1725 3117 2588 4156 3450
NOTES -

1) The current values for conductor sizes 1/0 — 4/0 AWG (53.5 — 107 mm?) are based on the National Electrical Code (NEC),
ANSI/NFPA 70, Table 310.16, 75°C column, multiplied by the number of conductors. The four conductor column is additionally
adjusted to 80 percent based on Table 310-15(C)(1).

Table 8 Continued on Next Page
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Table 8 Continued
Conductor sizes Number and material of conductors
Two Three Four

Copper Aluminum Copper Aluminum Copper Aluminum

and and and

copper- copper- copper-

AWG or ) clad clad clad

kcmil (mm?) mm? aluminum aluminum aluminum

2) The current values for conductor sizes 250 kemil (127 mm?) and larger are in accordance with the NEC, NFPA 70, Sections
392.80(A)(2)(a) and 392.80(A)(2)(b) for Table 310.17, 75°C column, multiplied by the number of conductors and adjusted as

follows:
250 - 500
600 kcmil

3) Any nu
Table 310

4) The cu

5) Values
currents g
Section 3

6) Condu
determing

kemil (127 — 253 mm?) — adjusted to 65 percent
(304 mm?) and larger — adjusted to 75 percent

mber of conductors other than tabulated shall be adjusted in accordance with the NEC, ANSI/NERA Y0,
-15(C)(1).

Frent values for conductor sizes are based on Tables 2, 4, and 5C of the Canadian Electrical\Code, C22.1.

re determined by interpolation of the values for AWG/kcmil conductors, as permittedin ANSI/NFPA 70,
10.15(A).

Ctor sizes between values provided in the table may be used for testing and«rating connectors. Test currents sh
d by interpolation of adjacent conductors based on the conductors area. See Table F.1 for conductor area.

in the mm? column represent the common sizes for metric conductors, as specified in(JEC 60228. Corresponding test

all be

@ Test curl

ent shall be from a 60 Hz ac power source.

Table 9
Dielectric-withstand.test sequence

(Clauses 725.1 and 8.1.2)

Connector construction Required test

1. Aconn
accommd

a) 10 AW
b) 8 — 4/0

2. Conne
size not ¢

ector having insulation in the form of a tubular sleeve and intended to

date only one conductor in each opening and intended for use with:

5 (5.26 mm?) / 6 mm? or smallér gonductor A C
AWG (8.4 — 107 mm?) / 10— 95 mm? A
tors having insulationinyother than a tubular form or for a conductor A, B
bvered in item 1

Notes:
A —Test A
B —TestH
C-Test(Q

as describedin'9.5.2.

as deseribed in 9.5.3.

as.described in 9.5.4.
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Table 10
Oven-conditioning temperatures

Insulating temperature rating °C Minimum oven temperature, °C
168 h test Optional 1440 h test

60%° 110 70
70° 113 81

75 113 81

90 121 97

105 136 113
125 158 133
150 180 158

@ This is an additional rating for Canada. Not applicable in the United States.

® This is aff additional rating for Mexico. Not applicable in the United States.

Table 11
Minimum number of specimens fortest

(Clauses 8.1.1, 8.6.1,8.7.1,8.9.1, 8.10.1, 8.11.4,8.12.1, and 8.13.1)

Clause Test Number of specimens
9.2 Current-cycling 4 of each combination of cornnector
and test conductor(s) to be tested
9.3 Static-heating sequenee 4 of each combination of corjnector
and test conductor(s) to be tested
94 Mechanical sequence 4 of each combination of cornnector
and test conductor(s) to be tgsted
9.5 Dielestric withstand See below
JFhermosetting, e.g., porcelain, cold-molded
melamine, phenolic, or urea-compound
9.5.2 Test A — as received 128
9.5.3 Test B — as received 122
9.54 Test C — as received 6
Thermoplastic, e.g., vinyl or nylon
9.5.2 Test A — As received 122
9.5.3 After oven conditioning with specimens 122
assembled to conductor before such
conditioning
9.54 After oven conditioning with specimens 122
assembled to conductor after such conditioning
9.5.3 Test B — as received 122
9.54 Test C — as received 6
9.6 Secureness of insulation See below
9.6.1 As received 6
9.6.3(a) a) Unassembled
— as received
— after oven conditioning

Table 11 Continued on Next Page
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Table 11 Continued

Clause Test Number of specimens
9.6.3(b) b) Assembled

—as received 122

— connected to a conductor before oven 122

conditioning

— connected to a conductor after oven 122

conditioning
9.7 Drop See below

— as received 122

— after oven conditioning 122

— after cold conditioning 122
9.8 Dielectric withstand (after drop) use same specimens
9.9 Flexing See below

— as received 6°

— after oven conditioning 6"

— after cold conditioning 6P
9.10 Low temperature installation 122
9.11 Moisture absorption 3
9.120r9./13 Stress corrosion 3
@ Six spedimens with maximum conductor size and six specimens with-minimum conductor size.
® Test with the maximum conductor size.

Table 12
Material of clamping screws for tests
(Clause 8.1.12)
Screw material Static-heating and mechanical sequences Current-cycling
Steel Copper alloy Aluminum Steel Copper alloy Aluminum

Steel, copper alloy, or - X X - xa@
aluminun
Steel or ajuminum X - X X - x@
Steel or cppper alloy X X - X X -
Aluminun} or copper-alloy - X X - XP X
Note — Al X indjcates that the test shall be conducted.
2 Tests nded'not be conducted on aluminum WS | islless than

that for the alternate screw material.

b Tests need not be conducted if the temperature recorded for a copper alloy clamping screw in the static sequence is less than
that determined for the alternate screw material.
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Table 13
| Cycling test currents® for 75°C and 90°C connectors intended for paralleling conductors, A

(Clause 8.2.2)

I Number and material of conductors
I Two Three Four
Conductor size Copper Aluminum and Copper Aluminum and Copper Aluminum and
copper-clad copper-clad copper-clad
aluminum aluminum aluminum
AW?n:;L(m mm* 19°C 90°C 19°C 90°C 19°C 90°C 19°C 90°C 19°C 90°C 6N 90°C
10 (43.5) - 336 420 269 336 504 630 403 504 538 672 431 538
2/0  (§7.4) - 392 490 302 378 588 735 454 567 628 784 484 605
- - 70 400 500 309 386 600 751 464 579 641 801 495 618
3/0 (85.0) - 448 560 347 434 672 840 521 651 7T 896 556 695
- - 95 478 598 372 466 718 897 559 699 /66 957 596 745
4/0 (107) - 515 644 403 504 773 966 605 756 824 1030 | 645 806
- - 120 564 705 440 550 846 1057 | 660 824 | 1055 1320 | 824 1028
250 (127) - 590 738 460 574 885 1106 | 689 861 1180 1476 | 920 1148
- - 150 644 805 506 632 965 1206 |, 759 948 | 1289 1610 | 1012 1264
300 (152) - 649 811 510 637 972 1215°|\\765 956 | 1298 1622 | 102 1274
350 (177) - 736 920 576 720 1103 1379 | 862 1078 | 1472 1840 | 1132 1440
- - 185 754 942 590 736 1130, 1413 | 882 1104 | 1508 1885 | 116 1473
400  (203) - 794 993 620 771 1191, 1488 | 928 1161 | 1588 1986 | 124 1548
- - 240 875 1094 | 684 854 |™M312 1640 | 1026 1282 | 1749 2187 | 1369 1709
500  (253) - 903 1129 | 707 883 1354 1693 | 1060 1324 | 1806 2258 | 1414 1766
- - 300 1140 1425 | 891 4424 | 1396 2138 | 1337 1687 | 2280 2850 | 1784 2249
600  (304) - 1160 1450 | 907 1145 | 1400 2176 | 1361 1718 | 2320 2900 | 181% 2290
700  ($55) - 1269 1587 |-4000 1250 | 1903 2379 | 1500 1875|2538 3174 | 200 2500
750  ($80) - 1320 1650 [)1041 1302 | 1979 2474 | 1562 1953 | 2640 3300 | 2082 2604
- - 400 | 1360 _ 1700 | 1075 1344 | 2039 2549 | 1613 2017 | 2720 3401 | 215 2689
800  (405) - 1370 Y1713 | 1084 1355 | 2054 2568 | 1626 2033 | 2740 3426 | 216 2710
900  (456) - 1462 1828 | 1176 1470 | 2193 2741 | 1764 2205 | 2924 3656 | 2352 2940
- - 500|\1'557 1946 | 1248 1561 | 2334 2918 | 1874 2341 | 3114 3892 | 2497 3121
1000 (%07) - 1572 1965 | 1260 1575|2356 2946 | 1891 2363 | 3144 3930 | 252 3150
- - 630 | 1785 2232 | 1433 1791 | 2676 3346 | 2149 2686 | 3570 4463 | 286 3581
1250 ($33) - 1790 2238 | 1437 1796 | 2684 3356 | 2155 2694 | 3580 4476 | 2874 3592
1500 (760) - 1975 2469 | 1596 1995 | 2961 3701 | 2395 2993 | 3950 4938 | 3192 3990
- - 800 | 2030 2538 | 1649 2061 | 3044 3805|2474 3092 [ 4060 5076 | 3298 4122
1750 (887) - 2150 2688 | 1764 2205 | 3226 4032 | 2647 3308 | 4300 5376 | 3528 4410
- - 1000 | 2314 2892 | 1918 2398 | 3469 4337 | 2879 3597 | 4627 5784 | 3837 4796
2000 (1010) - 2328 2910 | 1932 2415 | 3491 4364 | 2899 3623 | 4656 5820 | 3864 4830
NOTES -
1) Current values in the 75°C column are approximately 112 percent of the static-heating test currents from Table 8.
2) Current values in the 90°C column are approximately 140 percent of the static-heating test currents from Table 8.
3) Conductor sizes between values provided in the table may be used for testing and rating connectors. Test currents shall be
determined by interpolation of adjacent conductors based on the conductors area. Reference Table F.1 for conductor area.
@ Test current shall be from a 60 Hz ac power source.
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Table 14
Conductor stranding for AWG or kcmil conductors

(Clause 9.1.5.1)

Size of conductor to which Number of strands, if stranded conductors®
connector is to be assembled Copper Aluminum Copper-clad aluminum
AWG or kemil (mm?) Class B Class C Class B Class B Class C
24-30 (0.20 - 0.05) 2 - - - -
22 (0.32) 7 = — — _
20 (0.52) 10 - - - -
18 (0.82) 16 - - - -
16 (1.3) 26 - - - -
14 -2 (2.1-33.6) 7 19 7° 7° 19°
1-4/0 (42.4-107) 19 37 19 19 B7
250 - p00 (127 — 253) 37 61 37 37 b1
600 — 1000 (304 - 508) 61 91 61 61 D1
1250 -1 500 (635 —759) 91 127 91 91 127
1750 -p 000 (886 —1016) 127 271 127, 127 71

@ Number|of strands vary.
® Aluminum and copper-clad aluminum 14 AWG (2.1 mm?) are not available:
¢ When using SIW conductors, the number of strands may vary slightly.from these values.

Table 14A
Conductor strandingfor Class 2 mm? conductors

(Clause 9.1.5.1)

Size of conductor to which connector Circular Circular compacted
is to be assembled

mmm? (AWG or kemil) Cu Al Cu Al
0.511.0 (20£18) 7 - - —
1.51-6 (16~ 10) 7 - 6 —
10+ 16 (8-16) 7 7 6 6
25435 4-2) 7 7 6 6
50 (1-1/0) 19 19 6 6
() (2/0) 19 19 12 2
95 (3/0 — 4/0) 19 19 15 15
120 - 150 (250 - 300) 37 37 18 15
185 (350 —400) 37 37 30 30
240 (500) 37 37 34 30
300 (600) 61 61 34 30
400 - 500 (700 — 1 000) 61 61 53 53
630 (1250) 91 91 53 53
800 — 1 000 (1500 — 2 000) 91 91 53 53

Note: Stranding requirements from the IEC Standard for Conductors of Insulated Cables, IEC 60228.
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Table 15
Conductor materials
(Clauses 7.2.2,9.1.5.1 and 9.1.5.3)
AWG or kcmil (mm?) Test and control conductors shall be as follows:
Aluminum Solid 12 (3.31) /4.0 mm? and Aluminum wire stock for use as an electrical conductor
larger
12-3(3.31-26.7)/4.0 - AA-1350 or AA-8000 conductors. The stranding shall be Class B,
25.0 mm? SIW, or IEC Class 2 with compact, compressed or concentric
stranding
2 AWG -1 000 (33.6 —-507)/ | AA-1350 or AA-8000 conductors. The stranding shall*‘bg Class B,
35-500 mm? SIW, or IEC Class 2 with compact, compressed or concgntric
Strandedb Stranding
Larger than 1 000 (507) /500 | AA-1350 or AA-8000 conductors. The Stranding shall bg Class B,
mm?2 SIW, or IEC Class 2 with compact, compressed, or congentric
stranding
Copper 30-16(0.05-1.31)/1.5 Soft annealed, tinned or untinhed
mm?
Solid > -
14 (2.08) /2.5 mm~ and Soft annealed and untinhed
larger
30-16(0.05-1.31)/15 Soft annealed,tinned or untinned
mm?
Stranded 14 (2.08)/ 2.5 mm? and Soft anngaled, tinned or untinned. The stranding shall bg
larger concentric'or compressed Class B, concentric Class C?| or IEC
Class 2:
Copper-clad Solid 12 AWG / 4 mm? (3.31) and Soft annealed and untinned
aluminum larger
Stranded 12 AWG / 4 mm? (3.31) and Soft annealed, tinned or untinned. The stranding shall bg
larger concentric or compressed Class B or concentric Class (
2 n Canada and Mexico, 8 AWG (8.4 mm?)/ 10 mrg®and larger compact-stranded copper conductors shall be used.
® The hardness of the alloy and iron content is*nbot specified.
Table 16

Conductor insulation®

(Clauses 9.1.5.1 and 9.1.5.2)

AWG or kcmil (mm?) Type of insulation®
Aluminum Solid and stranded | 12 /4 mm? (3.31) and larger THHN or T90
THW or TW75
RW90 (1000V) or USE
RW90 (600V) or XHHW
PE or XLPE thermoset insulation
Copper 30-24 (0.05-10.20) Thermoplastic at least 0.254 (0.010 in)
thick
22-16(0.32—-1.31)/0.5—- 1.5 mm? Thermoplastic at least 0.762 mm (0.030
Solid and stranded in) thick
14 (2.08) / 4 mm? and larger T90 or THHN
THW or TW75

Table 16 Continued on Next Page
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Table 16 Continued
AWG or kcmil (mm?) Type of insulation®
RW90 (1000V) or USE
RW90 (600V) or XHHW
% 2
Copper clad Solid and stranded 12 (3.31)/ 2.5 mm* and larger T90 or THHN
aluminum
THW
RW90 (1000V) or USE
R\AJQ0 (Rnn\/) or XHH\AL
@ Table 1§ is not applicable when testing with uninsulated wire.
® Type of [nsulation is not specified when testing with a connector assembly that does not rely on the conductor.ifstlatiof.
Table 17
Test conductor length
(Clause 9.1.5.9)
Conductor size Minimum conductor length?
AWG or kemil (mm?) mm* mim (in)
301+ 8(0.05-84) 0.5-10 203 (8)
6-[3(13.3-26.7) 16 -25 305 (12)
2400 (33.6 — 253) 35-240 457 (18)
Larger than 500 (Larger than (Larger than 240) 660 (26)
253)
@ The confductor length for the secureness test in the mechanical or static-heating sequence shall not be less than that specified in
9.32.1-9.324.
Table 18
Wire strip length
(Clauses 9.1.6.2,9.1.6.3,9.1.6.4, and 10.15)
Required wire strip length marking
Connector type Maximum strip length Minimum strip length
Insulated Xab xabe
Non-insulpted - Xabe

Note: An }( indicates marking is required.

@ Strip length shall be specified as a single — nominal — value if tested as specified in 9.1.6.2.

b Strip length marking shall be optional if the connector is provided with an open end opposite the conductor insertion end through
which the end of the conductor is visible after it is connected.
¢ Strip length marking shall be optional if the connector is provided with an inspection hole opposite the conductor insertion end
through which the end of the conductor is visible after it is connected.
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Table 19
Strip-length tolerances for conductors
(Clause 9.1.6.2)
Conductor size Tolerance
AWG or kemil (mm?) mm* mm (in)

30-14(0.05-2.1) 05-25 +0.8 (x1/32)
12-10(3.3-5.3) 4-6 £1.2 (+ 3/64)
8250 (8.4 — 127) 10-120 +1.6 (+1/16)

300 —2p00 (152 — 1 016) 150 — 1 000 +3.2 (+ 1/8)

Table 20
Busbar dimensions
(Clauses 9.1.7.3 and 9.1.10.4)
Maximum cross-section, mm (in)
Range of test current, A Copper Aluminum

0-50 3.2x12.7 (1/8 x 1/2) 3.2x12.7 (1/8 x 1/2)

51-125 3.2x25(1/8 x 1) 3.2x32(1/18x1-1/4
126 — 225 3.2x48 (1/8 x 1~7/8) 3.2x57 (1/8x2-1/4

226 - 400 6.4 x 38 (1/4 % A1/2) 6.4 x50 (1/4 x2)

401 -1600 6.4 x 50.(d/4 x 2) 6.4x76 (1/4x3)

601 - 800 6.4x 76 (1/4 x 3) 6.4x102 (1/4 x 4)
801 -1 000 64 x102 (1/4 x 4) 9.5x89(3/8x3-1/2
1001 - 1400 12.7x76 (1/2x3) or 12.7x89 (1/2x3-1/2

two 6.4 x 102 (1/4 x 4)
1401 -2 000 12.7x 102 (1/2 x 4) or 12.7 x 127 (1/2 x 5)
two 6.4 x 102 (1/4 x 4)

2001 -3000 25x76 (1x3) 19 x 127 (3/4 x 5)
3000 -4 000 25x102 (1x4) 25x140 (1x5-1/2)

4000 - 4 800 32x102(1-1/4x4) 50 x 102 (2 x 4)
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Table 21
Tightening torque for screws
(Clauses 9.1.9.4 and 9.1.9.90)
Tightening torque, N-m (Ibf-in)
Test conductor size installed in Slotted head No. 10 and larger® Hexagonalhead — external drive socket wrench
connector Slot width — 1.2 mm (0.047 in) Slot width — over 1.2 mm
or less and slot length —6.4 | (0.047 in) or slot length — over Split-bolt connectors Other connectors
mm (1/4 in) or less 6.4 mm (1/4in)
AWG or (mm?) mm? A B A B A B A B
kemil

30-10 (0.05-5.3) J.5-6 1.7 (15) 2.3 (20) 2.8 (25) 4.0 (35) 7.3 (65) 9.0 (89) 6.8 (60) 8.5 (75)
8 (8.4) 10 2.3 (20) 2.8 (25) 34 (30) 45 (40) 7.3 (65) 9.0 (89) 6.8 (60) 8.5 (75)
6-4 (13.2-21.2) 16 2.8 (25) 4.0 (35) 4.0 (35) 5.1 (45) 153 (135) | 186 (16%) | 10.2  (90) 124 (110)
3 (26.7) 25 2.8 (25) 4.0 (35) 4.5 (40) 5.6 (50) | 254 (225) | 311 (27%) | 141 (125) | 16.9 (150)
2 (33.6) 35 34 (30) 45 (40) 4.5 (40) 5.6 (50) | 254 (225) | 311 (27%) | 141 (125) | 16.9 (150)
1 (42.4) - - - 4.5 (40) 5.6 (50) | 25.4 (225) | 311 (27%) | 141 (125) | 16.9 (150)
1/0-2/0 (53.5-67.4) 50 -70 - - 45 (40) 5.6 (50) 356 (315) | 435 (38p) | 16.9 (150) | 20.3 (180)
3/0-4/0 (85.0-107.2) 95 - - 45 (40) 5.6 (50) | 45.2 (400) | 56.5 (500) | 22.6 (200) | 28.2 (250)
250 - 350 (127 —=177) 120-185 - - 4.5 (40) 5.6 (50) | 62.1 (550) | 73.4 (65Q) | 28.2 (250) | 36.7 (325)
400 (203) - - - 4.5 (40) 5.6 (50) | 76.3 (675) | 93.2 (82%) | 28.2 (250) | 36.7 (325)
500 (253) 240 - e 4.5 (40) 5.6 (50) | 76.3 (675) | 93.2 (82%) | 33.9 (300) | 424 (375)
600 — 750 (304 — 380) 300 -400 - - 4.5 (40) 5.6 (50) | 90.4 (800) | 113.0 (10Q0) | 33.9 (300) | 424 (375)
800 — 1000 (406 — 508) 450 - 500 - - 4.5 (40) 5.6 (50) | 111.7 (900) | 124.3 (1100) | 45.2 (400) | 56.5 (500)
1250 -2000 (635-1010) | 630 — 1000 - - - - 111.7 (900) | 124.3 (1100) | 56.5 (500) | 67.8  (600)

@ For values of slot width or length n
length shall be measured at the bott

bt corresponding, to'those specified, select the largest torque value associated with the conductor size. Slot wid
bm of the slot.

th is the nominal design value. Slot
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Table 22
Tightening torque for slotted head screws smaller than No. 10 intended for use with 8 AWG (8.4

mm?) or smaller conductors

(Clauses 9.1.9.4 and 9.1.9.6)

Slot length of screw? Tightening torque, N-m (Ibf-in)
Slot width of screw smaller than 1.2 Slot width of screw 1.2 mm (0.047 in)
mm (0.047 in)® and larger®
mm (in) A B A B
Less tihan 4 (Less than 5/32) 0.68 (6) 0.79 (7) 0.79 (7) 1.0[(9)
4 (5/32) 0.68 (6) 0.79 (7) 1.1 (10) 1.4(12)
4 (3/16) 0.68 (6) 0.79 (7) 1.1 (10) 1.412)
5. (7/32) 0.68 (6) 0.79 (7) 1.1 (10) 1.4[12)
6.4 (1/4) 0.79(7) 1.0(9) 1.1 (10) 1.4(12)
7. (9/32) 1.4(12) 1.7[15)
Above 7.1 (Above 9/32) 1:8(16) 2.3|20)

@ For slot Iengths of intermediate values, select torques pertaining to next shorter slot lengths. Also, see 9.1.9.6 for screws with
multiple tightening means. Slot length shall be measured at the bottom of the slot.

b Slot width is the nominal design value.

Table 23
Tightening torque for screws with recessed allen or square drives

(Clauses 9.\9'4"and 9.1.9.6)

Sogket width across flats® Tightening torque, N-m (Ibf-in)
mm (in) A B
3.2 (1/8) 4.0 (35) 5.1 (45)
4. (5/32) 9.0 (80) 11.3 (100)
4. (3/16) 11.3 (100) 13.6 (120)
5. (7/32) 13.6 (120) 16.9 (1%$0)
6.4 (1/4) 16.9 (150) 22.6 (200)
7.9 (5/16) 254 (225) 31.1 (2715)
9.5 (3/8) 33.9 (300) 42.4 (315)
127 (1/2) 45.2 (400) 56.5 (500)
1413 (9/16) 56.5 (500) 67.8 (600)
@ See 9.1.9.6 for screws with muftiple tightening means.
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Table 24
Tightening torque for connecting hardware
(Clause 9.1.10.2)
Screw or bolt size Tightening torque
Metric SAE N-m (Ibf-ft)
- No. 8 or smaller 2 (1.5)
- No.10 3 (2.0)
M6 1/4 (B)
- 5/16 15 (11)
M10 3/8 26 (#9)
- 7116 41 (30)
M12 12 54 (40)
- 9/16, 5/8 or larger 75 (55)
Table 25
Flattening force
(Clause 9.1.10.3)
Bolt size Force, minimum
Metric SAE N (Ib)
M6 1/4 3560 (800)
- 5/16 4 450 (1 000)
M10 3/8 6230 (1 400)
M12 716,12 12015 (2700)
- 9/165/8 or larger 15130 (3 400)
Table 26
Secureness test values
(Clauses 9.3.2.1,9.3.2.3,and 9.3.2.4)
Mass
Diameter of bushing Aluminum{Copper-
Size of conductor hole® ¢ Height Copper clad aIurPinum
AWG or
kemil
(mm?) mm? mm (in) mm (in) kg (Ib) kg (Ib)
18 (0.82) 6.4 (1/4) 260 (10-1/4) 0.9 2) - -
1.0 6.4 (1/4) 260 (10-1/4) 0.9 (2) - -
16 (1.3) 6.4 (1/4) 260 (10-1/4) 0.9 (2) - -
1.5 6.4 (1/4) 260 (10-1/4) 0.9 2) - -
14 (2.1) 9.5 (3/8) 279 (11) 14 (3) - -
25 9.5 (3/8) 279 (11) 1.7 4) - -

Table 26 Continued on Next Page
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Table 26 Continued

Diameter of bushing

Mass

Aluminum/Copper-

Size of conductor hole®* Height Copper clad aluminum
AWG or
kemil
(mm?) mm? mm (in) mm (in) kg (1b) kg (1b)
12 (3.3) 9.5 (3/8) 279° (11)° 2.3 (5) 0.7 (1.5)
4 9.5 (3/8) 279° (11)° 2.3 (5) 0.7 (1.5)
10 G3) 95 (378) 279° GEDK 73 () 0.7 (1.5)
6 9.5 (3/8) 279° (11)° 2.6 (5.75) 0.86 )
8 (8.4) 9.5 (3/8) 279° (11)° 3.6 (8) 14 (3)
10 9.5 (3/8) 279° (1) 5.0 (11) 2.4 (5.25)
6 (13.3) 12.7 (1/2) 298° (11-3/4)° 8.2 (18) 45 (10)
16 12.7 (1/2) 298° (11-3/4)° 10.0 (22) 5.3 (11.75)
4 (21.2) 12.7 (1/2) 298° (11-3/4)° 13.6 (30) 6.8 (15)
25 12.7 (1/2) 298 (11-3/4) 13.6 (30) 6.8 (15)
3 (26.7) 14.3 (9/16) 318 (12-1/2) 136 (30) 6.8 (15)
2 (33.6) 14.3 (9/16) 318 (12-1/2) 13.6 (30) 6.8 (15)
35 14.3 (9/16) 318 (12-1/2) 15.0 (33) 75 (16.5)
1 (42.4) 15.8 (5/8) 343 (13<12) 227 (50) 11.4 (25)
50 15.8 (5/8) 343 @331/2) 227 (50) 11.4 (25)
1/0 (53.5) 15.8 (5/8) 343 (13-1/2) 227 (50) 1.4 (25)
2/0 (67.4) 19.1 (3/4) 368 (14-1/2) 227 (50) 1.4 (25)
70 19.1 (3/4) 868 (14-1/2) 23.4 (51.5) 1.7 (26)
3/0 (85.0) 19.1 (3/4) 368 (14-1/2) 27.2 (60) 13.6 (30)
95 19.1 (3/4) 368 (14-1/2) 27.2 (60) 13.6 (30)
4/0 (107) 19.1 (814) 368 (14-1/2) 27.2 (60) 13.6 (30)
120 222 (7/8) 406 (16) 27.2 (60) 13.6 (30)
250 (127) 222 (7/8) 406 (16) 27.2 (60) 13.6 (30)
150 22,2 (7/8) 406 (16) 34.4 (76) 17.2 (38)
300 (156) 222 (7/8) 406 (16) 36.3 (80) 18.2 (40)
350 177 25.4 1) 432 (17) 36.3 (80) 18.2 (40)
185 25.4 1) 432 (17) 36.3 (80) 18.2 (40)
400 (203) 25.4 1) 432 (17) 36.3 (80) 18.2 (40)
240 28.6 (1-178) 432 a7y 43.0 (95) 215 (47)
500 (253) 28.6 (1-1/8) 464 (18-1/4) 45.4 (100) 227 (50)
300 28.6 (1-1/8) 464 (18-1/4) 454 (100) 227 (50)
600 (304) 28.6 (1-1/8) 464 (18-1/4) 45.4 (100) 227 (50)
350 31.8 (1-1/4) 495 (19-1/2) 45.4 (100) 227 (50)
700 (354) 31.8 (1-1/4) 495 (19-1/2) 45.4 (100) 227 (50)
750 (380) 31.8 (1-1/4) 495 (19-1/2) 49.9 (110) 25.0 (55)
400 34.9 (1-3/8) 540 (21-1/4) 49.9 (110) 25.0 (55)
800 (406) 34.9 (1-3/8) 540 (21-1/4) 49.9 (110) 25.0 (55)

Table 26 Continued on Next Page
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Table 26 Continued

Mass
Diameter of bushing Aluminum/Copper-
Size of conductor hole®* Height Copper clad aluminum
AWG or
kemil
(mm?) mm? mm (in) mm (in) kg (Ib) kg (Ib)
900 (456) 34.9 (1-3/8) 540 (21-1/4) 49.9 (110) 25.0 (55)
500 38.1 (1-1/2) 565 (22-1/4) 49.9 (110) 25.0 (55)
1000 508) 381 1-172) 565 [22-177%) 299 (T10) 250 (55)
630 44.5 (1-3/4) 660 (26) 704 (155) 34,1 (75)
1250 (635) 44.5 (1-3/4) 660 (26) 704 (155) 34.1 (75)
1500 (759) 50.8 (2) 71 (28) 81.7 (180) 40.9 (90)
800 54.0 (2-1/8) 762 (30) 93.1 (205) 45.4 (100)
1750 (886) 54.0 (2-1/8) 762 (30) 93.1 (205) 454 (100)
1000 54.0 (2-1/8) 762 (30) 107.7 237 53.7 (118)
2000 (1010) 54.0 (2-1/8) 762 (30) 109.0 (240) 54.5 (120)
@ A slightly larger diameter bushing or lubrication may be used to ensure there is no binding, twisting, or rotation of the cpnductor.
See 9.3.211

® For 12 {4 AWG (3.3 — 21.2 mm?) / 4 — 25 mm? aluminum conductor, use 318’ mm (12-1/2 in).
¢ Bushing|tolerance of £0.8 mm (£1/32 in)

Table, 27
Pulloutiest values

(Clause 9.3.4.1)

Size of conductor Pullout force, N (Ib)
AW((E;;]IZ()cmiI mm? Copper Aluminum/Copper—clad aliminum
30 (0.05) 6.7 (1-1/2) - —
2 (0408) 8.9 (2) - —
26 (013) 134 (3) - —
p. 43 (0.20) 223 (5) - —
.2 (0.32) 35.6 (8) - —
0.5 55.7 (12.5) - —

20 (0.52) 57.9 (13) — —
0.75 81.7 (18-1/2)

18 (0.82) 89.0 (20) - -
1.0 106 (24)

16 (1.3) 134 (30) - -
1.5 156 (35)

14 (2.1) 223 (50) - -
25 253 (57)

12 (3.3) 312 (70) 156 (35)

Table 27 Continued on Next Page
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Table 27 Continued
Size of conductor Pullout force, N (Ib)
AW(('in?;z()cmil mm? Copper Aluminum/Copper—clad aluminum
4 327 (73-1/2) 164 (37)
10 (5.3) 356 (80) 178 (40)
6 366 (82) 183 41)
8 (8.4) 401 (90) 200 (45)
1Y) 215 193) 208 @)
6 (13.3) 445 (100) 223 (50)
16 506 (114) 253 87)
4 (21.2) 623 (140) 312 (70)
25 685 (154) 342 (77)
3 (26.7) 712 (160) 356 (80)
2 (33.6) 801 (180) 401 (90)
35 815 (183) 408 (92)
1 (42.4) 890 (200) 445 (100)
50 1043 (234-1/2) 521 (117)
1/ (53.5) 1113 (250) 556 (125)
2/ (67.4) 1335 (800) 668 (1$0)
70 1368 (307-1/2) 684 (154)
3/ (85.0) 1558 (350) 779 (175)
95 1760 (395-1/2) 880 (198)
4/ (107) 2003 (450) 1001 (225)
120 2147 (483) 1074 (24111/2)
25D (127) 2225 (500) 1113 (250)
150 2402 (540) 1201 (210)
30p (156) 2448 (550) 1224 (2715)
35D (177) 2670 (600) 1335 (300)
185 2739 (616) 1369 (308)
40p (203) 2893 (650) 1446 (325)
240 3387 (761-1/2) 1693 (380+-1/2)
50p (253) 3560 (800) 1780 (400)
300 3970 (892-1/2) 1986 (446t1/2)
60 304) 2005 (900) 2003 @50)
700 -2 000 (400 -1 000) 4 450 (1 000) 2225 (500)
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Table 28

Insulation puncture and flashover test voltages, Tests A and B

(Clauses 9.5.2.4,9.5.3.1, and 9.5.3.2)

(Clause 9.5.4.1)

Connector insulation voltage Test voltage, Vac
rating, V Puncture (1 min) Flashover (Maximum)

300 2200 4000

600 (1 000 in signs and luminaires) 3400 8 000
1000 5000 11 000

1500 7 000 16 000

2000 9000 21000

Table 29

Flashover test voltage, Test C

Connector insulation voltage rating, V

Flashover test voltage, Vac

300
600 (1 000 in signs and luminaires)
1000
1500
2000

1600
3000
4400
6400
8400
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Figure 1

Method for attaching thermocouples to stranded aluminum control conductors used for current-
cycling tests

(Clause 9.1.3.4)

50/50 ROSIN FLUX
SOLDER

THERMOCOUPLE
JUNCTION

COPPER
RIBBON

WIRE

STRAND (APPROX.)| AT

BOTH ENDS

SB1790A
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Figure 2

Method for mounting tangless connectors

(Clauses 9.1.8.6 and 9.1.8.8)

TANGLESS CONDUCTED

conNECToR [ B =1 BEARING
\ /) SCREW

<

)
ATTACHING
\  HARDWARE

7

TEST TANG —/

SB1748
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Figure 3

Vertical arrangement of specimen for current-cycling test

(Clause 9.1.10.8)

Q/ @ O/ BUSBAR T upP
b1 L
SUPPLY I \-weLo i i
LEAD I l o/ i
i ] i
CONDUCTOR .
THERMAL =~ 25 mm (1 in) —»
BARRIERS | MIN. TYP.
(4 PLACEP) S~ S
A
N 150 mm (6 in) ¢
75 mm (3 - — MIN. TYP.
MIN. TYP,
C
TEST —] |
SPECIMEN TesT
T e SPECIMEN
I
75 mm (3 i I,
MIN. TYP. ﬁc |
150\mm (6 in)
MIN. TYP.
<+
A
WELD — " 7
i i
/% db 25 mm (1 in) —
( MIN. TYP.
EQUALIZER /
REFERENCE —] SUPPLY
CONDUCTOR LEAD
TC = THERNOCOUPLE ‘—‘?g e _"—‘?g e EQUALIZERS
MIN. TYP. MIN. TYP.

FOR A TANGIESS CONNECTOR, THE FOLLOWING INFQRMATION
SHALL BE PROVIDED:

a) MATERIAL |OF TANG;

b) PLATING PN TANG;

¢) MINIMUM [CROSS—SECTION OF TANG;

d) MATERIAL |OF MOUNTING SCREW;

e) USE OF A WASHER, TYPE AND(SIZE;

f) TORQUE T BE USED TO SEQURE THE CONNECTOR TO THE TANG.

g) EQUALIZERS ON BOTH ENDS.TO BE THE SAME TYPE (EITHER WELDED OR COMPRESSION).
SM11218
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Figure 4

Secureness test setup

(Clause 9.3.2.1)

J—Frome of testing machine

Lug Nest
(ad justable)
Wlre connector [-

A
H
Bushing
\ A 4
S
) 5

C—J
Rpotating j

basp plate

SM112
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Figure 5

Splicing connector test arrangement

(Clause 9.3.2.3)
FRAME OF
TESTING 92 mm
MACHINE (2 INCHES)
CONNECTOR
UNDER TEST
A
H
BUSHING OF
TESTING
MACHINE \
Y
| |
W
SB1090C
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