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UL Standard for Safety for Equipment Wiring Terminals for Use with Aluminum and/or Copper Conductors,
UL 486E

Sixth Edition, Dated January 31, 2024
Summary of Topics

This new Sixth edition of ANSI/UL 486E dated January 31, 2024 includes the following changes in
requirements:

— Addition to the Scope to address use of ferrules and adapters; 1.4

— Remove reference to a “Dielectric-Withstand Test”; 8.1.2 and 9.1.6.2

— Clatrify that aluminum test conductors can be compact, compressed, or concehtric
strangding; 7.1.13

— Use of busbar during static heating test; 9.3.1.1
— Timie stabilization clarification; 9.2.1 and 9.2.4
— Remove “number of strands” from marking requirément; 10.12

— Sizipg and lubricating bushings during secureness test; 9.3.2.1 and Table 9.13

— Coryections to Table 8.3

— Testing with metric and non-standard size conductors; 1.3, 2.1.3, 3.2, 7.1.7, 7.1|10, 8.1.6,
8.1.7,|19.1.5.2, 9.1.5.3, 9.1.5.5, 9.1.5.6,-9.1.9.4, 10.4, 10.7, 10.8, 10.10, 10.26, 10.30, Table 7.5,
Table| 7.6, Table 8.3, Table 9.1, -Table 9.2, Table 7.4, Table 9.3 — Table 9.6, Table 9.*, Table 9.13,
Tablel 9.14, Section B4, and Annex E

— Testing with aluminum-wire with AA-8000 alloy conductors; 7.2.2,7.2.3, 7.3.1, 1able 7.4,
and Annex A

— Us€ of shear’‘head bolts; 9.1.9.4, 9.1.9.5 and 9.1.9.6

- InsTIating covers during stress corrosion tests; 9.6.1

— Addition of stranding table; 9.1.5.6 and Annex F

— Thermal testing with insulation colors other than black; 9.1.5.8, 9.1.5.9 and 9.1.5.10

— Alternate information means; 10.32

The new and revised requirements are substantially in accordance with Proposal(s) on this subject dated
September 29, 2023 and December 15, 2023.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without prior permission of ULSE Inc. (ULSE).
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ULSE provides this Standard "as is" without warranty of any kind, either expressed or implied, including
but not limited to, the implied warranties of merchantability or fitness for any purpose.

In no event will ULSE be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if ULSE or an authorized ULSE representative has been advised of the
possibility of such damage. In no event shall ULSE'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 ULSE
harmless from and against any loss, expense, liability, damage, claim, or judgment (including reasonable
attorney's fee q) rpqulting from any error or deviation introduced while 'nnrr'h.qqpr is qfnring an electronic

Standard on the purchaser's computer system.
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1 Scope

1.1 This Standard applies to equipment wiring terminals for use with all alloys of copper, aluminum, or
copper-clad aluminum conductors, in accordance with the National Electrical Code, NFPA 70, as follows:

a) Equipment wiring terminals intended to hold one or more conductor(s);

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

c) Ampere-rated equipment wiring terminals;

canowwar ratad acuinmant wwirina farminale: anAd
\Aa~2am) cHP e W g—ter i

d)H

e) Wife range rated equipment wiring terminals.

1.2 These |
equipment, g

1.3 This Standard is intended for equipment wiring terminals suitable for use with conductc
ranges as follows:

a) Alu

b) Copper-Clad Aluminum:

c) Copper:

d) Compact-stranded copper conductors for 2 AWG (33.6 mm?) and larger.

TTPT ctot-oquTe 9 SAEALEAS

equirements apply to field wired equipment wiring terminals which are.an integ
r are intended for use in specific equipment.

minum:
1) 12 AWG (3.3 mm2) and 10 AWG (5.3 mm2) solid; and

2) 12 AWG (3.3 mm?) to 2 000 kcmil’(1 010 mm?) stranded, Class
compressed, and compact.

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

2) 12 AWG (3.3 mm?) t6 2000 kemil (1 010 mm?) stranded, Class B concentrid|,

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

2) 30 AWG (0.05 mm?) to 2 000 kcmil (1 010 mm?) stranded, Class B c
compressed, and Class C concentric.

ral part of the

rs in the size

B concentric,

ncentric and

e) Rigid (solid and stranded) metric wire sizes, Classes 1, 2, 5, and 6, in the range of 0.5 — 1 000
mm?, in addition to AWG/kcmil sizes, with AWG/kcmil ratings mandatory and metric wire ratings
optional.

Note 1:

Metric wire sizes are based on the IEC Standard for Conductors of Insulated Cables, IEC 60228.

Note 2: For example, an equipment wiring terminal rated for 8 AWG — 250 kcmil may be additionally rated for 16 — 120 mm?.
See Annex B for example.

f) Oth

er class and strand configurations as indicated by marking.

1.4 Equipment wiring terminals covered by this Standard are also suitable for use with conductors that
are prepared using ferrules evaluated in accordance with UL 486F, or wire connector adapters evaluated

in accordanc

Copyright Underwriters Laboratories Inc.
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a) Ferrules and adapters are applied in accordance with their ratings and installation instructions.

b) The length of exposed conductive material maintains the strip lengths required by the connector
manufacturer.

1.5 This Standard is intended for equipment wiring terminals suitable for currents not exceeding the
ampacity of insulated conductors rated 75 °C or 90 °C in accordance with the rating of the equipment
wiring terminal, if provided.

1.6 This Standard does not apply to:

a) Insulated equipment wiring terminals; and

b) Wire binding screw terminals.
2 Referencpe Publications
2.1 Normatjve references

2.1.1 For updated references to Standards, such reference shall be<considered to refer|to the latest
edition and all revisions to that edition up to the time when thisr Standard was approveql. For dated
references to| Standards, such reference shall be considered to referto the dated edition and all revisions
published to that edition up to the time the Standard was approved.

2.1.2 NFPA}* Standard

NFPA 70-2011, National Electrical Code (NEC)

* National Fire Pfotection Association
2.1.3 IECt Btandards

IEC 60228, Jonductors of Insulated Cables

1 International Electrotechnical Commission.
2.2 Informative references

2.2.1 See Annex A for a listing of supplemental standards.

3 Units of Measurement

3.1 The values given in Sl (metric) units shall be normative, except for AWG/kcmil conductor sizes. Any
other values are for information only.

3.2 For conductor sizes, AWG/kcmil conductor sizes are noted with their metric equivalents in
parenthesis, followed by the closest metric conductor size covered by IEC 60228.

Note 1: Specifications for conductor sizes for both AWG/kcmil and metric are shown as follows: 12 — 3 AWG (3.31 —-26.7)/ 4.0 - 25.0
2
mm®.

Note 2: IEC 60228 covers conductors in the metric range of 0.5 — 2 500 mm?. For requirements covering AWG/kcmil wire ranges
outside this scope, the specification for the metric conductor will be limited to the conductor range covered by IEC 60228. Metric wire
sizes larger than 1 000 mm? are not covered by this standard.

Copyright Underwriters Laboratories Inc.
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4 Definitio
4.1 Forthe

4.2 CIRCU

ns
purpose of this Standard, the following terms and definitions apply.

LAR MIL (cmil) — the area of a circle with a diameter of 0.001 inch.

4.3 CONTROL CONDUCTOR - an unbroken conductor, which is included in the current-cycling test

loop.

4.4 CRIMPING DIE — that part of a crimping tool which forms the crimp(s) and usually incorporates the

crimp anvil(s

), the crimp indentor(s), and the positioner.

Note: Crimping

4.5 EQUAL
conductor wi

4.6 EQUIP
terminal plat

4.7 PACKA

4.8 RATED
manufacture

4.9 STABI|
the current-d

Hies may have separate or integral sections for compressing the insulation grip, if provided.

IZER — a busbar that provides a point of equipotential and uniform current flow
thout adversely affecting the temperature of the equipment wiring terfminal(s).

MENT WIRING TERMINAL — establishes a connection betweéen,one or more cg
e or stud, or to any similar device, by means of mechanical pressure.

GING CONTAINER - the container in which the unit.centainers are packaged.

CURRENT (AMPERE RATING) — current assigned to the equipment wiring te
.

ITY FACTOR S — the measure of temperature stability of a equipment wiring t¢
ycling test.

in a stranded

nductors to a

rminal by the

rminal during

pment wiring

ckaged.

410 TEMHERATURE RISE - denotes, the difference of the temperature of the equi
terminal, measured under load, and the ambient temperature.

4.11 UNIT CONTAINER - the smallest container in which equipment wiring terminals are pa
5 Symbold and Abbreviations

5.1 °—Degdree

5.2 A - Amps,-Amperes

5.3 Al- Aluminum

5.4 AWG — American Wire Gage/gauge

5.5 C-_Celsius

5.6 CC - Copper-Clad Aluminum

5.7 Cu - Copper

5.8 d-Days

59 f-Flex

Copyright Underwriters Laboratories Inc.
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510 h-Ho

urs

5.11 HgNOj; — Mercurous nitrate

512 Hz - Hertz, cycles per second

5.13 in—Inch, Inches

5.14 kcmil — Thousand circular mil

5.15 m - Meter

5.16 mil -

517 min—
518 mi—-M
519 mm-

520 mm?

5.21 N-—Ne
5.22 NH,-
5.23 r-Rig
524 rpm-—
525 s-Se
5.26 SAE -
5.27 sol-S

528 str—S

ousandth of an inch
inutes

lliliter

Millimeter

Square millimeter

wton - kilogram meter/sec?
Ammonia

d solid and rigid stranded
Revolutions per minute
conds

Society of Automotive Engineers
olid

randed

529 V-Vo

[

6 Construction Requirements

6.1 Genera

6.1.1 The design and construction of an equipment wiring terminal intended for use with stranded
conductors shall be such that all strands of the conductor shall be contained within the equipment wiring

terminal.

6.1.2 An equipment wiring terminal that is suitable for compact-stranded conductors shall also accept all

strands of a Class B concentric-stranded conductor of the same size.
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6.1.3 An equipment wiring terminal intended for use with conductors of different sizes shall have a
clamping mechanism that adapts to conductors of different sizes without permanent removal or addition of

parts. Some

examples 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) Deformation of the equipment wiring terminal barrel (crimping) using a special tool;

d) A spring pressure terminal; and

e) An

element for insulation-piercing or displacement.

6.1.4 Any 1
various sizes
in 10.11.

6.1.5 Thersg
result in dam

6.1.6 The ¢
shall be sug
different mat
requirements

6.1.7 Ifthe

retightened after wires are installed, or after the equipment wiring terminal is mounted in e

mounting m
terminal aroy

6.2 Materials

6.2.1 Then
alloy, coppe
requirements

6.2.2 Ther
steel of a co
end product.

earrangement or adjustment of an equipment wiring terminal that is necessary
of conductors shall be obvious unless the equipment wiring terminal is ‘marked

shall be no sharp edges or corners on the outer surface of an equipment wiring
age to insulation that the equipment wiring terminal contacts.

onstruction of an equipment wiring terminal intended to'secure more than a sin
h that there will be no intermixing (direct conductor contact) between the ¢
erials unless the equipment wiring terminal is investigated and found to meet the
of this Standard and is marked in accordance with 10.20.

method of mounting an equipment wiring<terminal is such that the mounting mea

bans — by inherent features or manufacturer’s specifications — shall limit rg
nd its mounting means to 30° orless.

nain current-carryingipart of an equipment wiring terminal shall be of aluminum,
r, a copper alloy;y'or other material investigated and found to meet the
of this Standafd.

nain currént=carrying part of an equipment wiring terminal may be of plated stes
rrosion.resistant alloy if the equipment wiring terminal complies with the require

to adapt it to
as described

terminal that

ple conductor
onductors of
performance

ns cannot be
uipment, the
tation of the

an aluminum

performance

el or unplated
ments for the

6.2.3 An equipment wiring terminal intended for use with aluminum conductor(s) or an equipment wiring
terminal body of aluminum or aluminum alloy shall be coated with an electrically conductive coating, such
as tin, that will inhibit oxidation and corrosion. The following need not be coated:

a) The wire-securing (barrel) portion of an equipment wiring terminal that is shipped prefilled with
an oxide-inhibiting compound;

b) The top cap of a lay-in equipment wiring terminal not in contact with the wire; and

c) The stamped mounting hole in an equipment wiring terminal that is intended to be secured by a
bolt, nut, and washer.

Note: Other coatings may be used if investigated for the purpose and found suitable.
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6.2.4 lron or steel, if protected against corrosion, may be used for screws, plates, yokes, or other parts
that are employed as a means of clamping the conductor, if such parts are not the primary current-carrying
members.

6.2.5 In regards to 6.2.4, an equipment wiring terminal intended for use in an appliance or equipment
that complies with the requirements for such appliance or equipment may be plated steel or unplated steel
of a corrosion-resistant alloy.

7 Test Requirements

7.1 General

7.1.1  An equipment wiring terminal shall meet the test requirements when separate sets*qf specimens
are subjected to the applicable tests for the design of the equipment wiring terminal as specified in Table
71-Table72andin7.5-7.6.

Table 7.1
Test Sequences for All Connectors

Sequence
1 22 3P 4
Currenttcycling Static-heating Secureness Stress Cprrosion
Secureness Pullout

Static-heating (repeated)

Pullout

Note — Table 1 ppplies to equipment wiring terminals for nonsparallel applications, in which case Table 7.2 would not|be applicable.
However, somg equipment wiring terminals may have dual functionality, both parallel and non-parallel, in which casg both Tables
are applicable.

& This series of ftests is referred to as static-heating'sequence.
P This series offtests is referred to as mechanical)sequence.

¢ The stress cofrosion test, either moist ammonia or mercurous nitrate, need only be conducted for copper alloy parts not
conforming to the copper requirements.n7.5 and 7.6.

Table 7.2
Test $equences for All Equipment Wiring Terminals Intended for Parallel Condugtors

Sequence
1 2 3° 4
Current-cycling Static-heating Secureness Stress Corrosion
Pullout

Note — Table 2 applies to equipment wiring terminals for parallel applications, in which case Table 7.1 would not be applicable.
However, some equipment wiring terminals may have dual functionality, both parallel and non-parallel, in which case both Tables
are applicable.

2 This series of tests is referred to as mechanical sequence.

b The stress corrosion test, either moist ammonia or mercurous nitrate, need only be conducted for copper alloy parts not
conforming to the copper requirements in 7.5 and 7.6.

7.1.2 With reference to 7.1.1, an equipment wiring terminal of copper or copper alloy need not be
subjected to the current-cycling sequence using copper conductor, unless the equipment wiring terminal is
dependent upon insulation piercing, insulation displacement, or spring action.

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

7.1.4 With reference to 7.1.1, for other than a tool-applied crimp type equipment wiring terminal, the
current-cycling test using a copper conductor need not be performed when the equipment wiring terminal
has been current-cycling tested with an aluminum conductor of a size not smaller than the size of the
copper conductor required for the current-cycling test.

Note: See Annex B for example.

7.1.5 Conductor sizes 30 — 20 AWG (0.05 — 0.52 mm?) need not be subjected to the secureness test in
the static-heating sequence or mechanical sequence

7.1.6 Spec|men sets shall be subjected to the test sequences using the conductor material specified in
Table 7.3 for| the one or more conductor material combinations for which the equipment wiring terminal is
intended. Thie stress corrosion tests shall be permitted to be conducted using eithér copper or aluminum
conductor. When an equipment wiring terminal is rated for copper-to-copper, gluminum-to-aluminum, and
copper-to-aliiminum (intermixed), the mechanical sequence with copper-to-aliminum condyctors may be

omitted.
Table 7.3
Conductor Materials to be Used in Test Sequences
Conductor for which connector is intended Conductor used in test sequendges
Copper? Copper
Aluminum? Aluminum
Copper to copper® Copper
Copper-clad aluminum Copper-clad aluminum
Aluminum to ajuminum® Aluminum
Copper-clad aluminum to Copper-clad alumifum® Copper-clad aluminum
Copper to alurhinum®, intermixed Copper to aluminum
Copper to copper-clad aluminum®, intérmixed Copper to copper-clad aluminum

Notes —

1) If a equipment wiring terminal is rated for copper to copper, aluminum to aluminum, and copper to aluminum (intermixed), the
mechanical pequencewith copper to aluminum conductor may be omitted.

2) In all test pequenees, aluminum conductor represents tests with copper-clad aluminum conductor.

@ Single conductorin-an opening.

b Two or more conductors in an opening.

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

d) Class 2 metric conductors is representative of AWG/kcmil stranded conductors

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 9.1.5.5 — 9.1.5.7 for AWG/kcmil stranding classes.
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See Annex E for conductor area, in circular mils, for conductor stranding, and for conductor diameters, of
both AWG/kcmil and metric conductor sizes.

Note: See Annex B for example.

7.1.8 For an equipment wiring terminal intended to be used with aluminum, copper-clad aluminum, and
copper wire (marked "AL-CU" on the equipment wiring terminal or the end use equipment), sample sets
with aluminum wire and copper wire are to be subjected to the test sequence in Table 7.1 or Table 7.2. For
an equipment wiring terminal intended to be used with copper-clad aluminum wire and copper wire
(marked "CC-CU" on the equipment wiring terminal or the end use equipment), sample sets with copper-
clad aluminum wire and copper wire are to be subjected to the test sequence in Table 7.1 or Table 7.2. For
a terminal intended to be used with copper wire only, sample sets with copper wire are to be subjected to
the test sequénce in Table 7.1 or Table 7.2.

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

7.1.10 An eguipment wiring terminal rated for Class 5, Class 6, or both Class §-and 6 metric conductors
(flexible strarlded) shall be subjected to all test sequences using the appropriate Class of flexible metric
conductors hased on the ratings specified by the manufacturer. See 9:4%5.7 for testing with specific
stranding coynts.

7.1.11 For an equipment wiring terminal intended to be used\with aluminum and copper conductor,
specimens with aluminum conductor and copper conductor., shall be subjected to the cufrent-cycling,
static-heatind sequence, and mechanical sequence tests.

7.1.12 For an aluminum-bodied equipment wiring terminal intended to be used with copper conductor
only, specimegns with copper conductor shall be subjected to the current-cycling, static-heatirjg sequence,
and mechani¢al sequence tests.

7.1.13 Test$ conducted on an equipment wiring terminal with compact-stranded copper conductors shall
represent tegts with concentric and compressed stranded copper conductors of the samg size. Tests
conducted on a connector with compact, compressed, or concentric-stranded aluminum conductors shall
represent tegts with compact, concentric, and compressed stranded aluminum conductors |of the same
size. See Table 7.4.

Table 7.4
Conductor Materials

AWG or kcmil (mm?) follows:

Test and control conductors Ishall be as

12 (3.31) / 4.0 mm? and larger Aluminum wire stock for use as an electrical
conductor

12-3(3.31-26.7)/4.0 —25.0 mm? AA-1350 or AA-8000 conductors. The
stranding shall be Class B, SIW, or IEC Class
2 with compact, compressed or concentric
stranding

2 AWG -1 000 (33.6 — 507) / 35 — 500 mm? AA-1350 or AA-8000 conductors. The
stranding shall be Class B, SIW, or IEC Class
2 with compact, compressed or concentric
stranding

Larger than 1 000 (507) / 500 mm? AA-1350 or AA-8000 conductors. The
stranding shall be Class B, SIW, or IEC Class

Solid

Aluminum
Stranded

Table 7.4 Continued on Next Page
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Table 7.4 Continued

Test and control conductors shall be as

AWG or kemil (mm?) follows:
2 with compact, compressed or concentric
stranding
30 -16 (0.05-1.31)/0.5-1.5 mm? Soft annealed, tinned or untinned
Solid
14 (2.08) /2.5 mm? and larger Soft annealed and untinned
Copper 30-16(0.05-1.31)/0.5— 1.5 mm? Soft annealed, tinned or untinned
Stranded 14 (2.08) /2.5 mm? and larger Soft annealed, tinned or untinned. The
stranding shall be concentric or compressed
Class B _concentric Class C_qgr IEC Class 2.
7.1.14 The|mechanical sequence and static sequence tests are to be conducted on the)equipment wiring
terminals in the end use equipment of which they are an integral part. The static heating tegt of the static

sequence te

7.1.15 In 1
conducted o
use of the e
for tangless {

7.1.16 Inre
interference

7.1.17
equipment b
equipment.

7.1.18 The
assembled U
and tested in

7.2 Current-cycling

7.21 The s

periods of tine specified in Table 7.5, other than as noted in 9.2.1 and 9.2.4, while carryin

specified for

In regards to 7.1.14, equipment wiring terminals that are intended for use in spe

5ts may be conducted on a sample not subjected to the Secureness Test. See 7.4

egards to7.1.14, with the concurrence of those concerned; all test sequer
N samples prepared in accordance with 9.1.8 if such preparation is representati
huipment wiring terminals in the end use equipment. See 9.1.8.8 for additional
ype equipment wiring terminals.

gards to 7.1.14, equipment wiring terminals may.be removed from the end usqg
from molded parts, or the enclosure walls, or beth, may occur.

ut are not integral to the end use equipment may be tested in free air outsidg

tilizing the enclosure in the'end use equipment or a reasonable facsimile and f{
open air.

pecimen sets'shall complete 500 cycles of equal current-on and current-off ope

the equipment wiring terminal temperature rating and conductor size being teste

3.2,

ces may be
ve of the final
requirements

equipment if

cific end use
the end use

current-cycling tests are te\be conducted on equipment wiring terminals that have been

hen removed

ations for the
g the current
.
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Table 7.5
Test Current for Connectors Intended for a Single Conductor, A
Copper Aluminum and copper-clad aluminum On (and
As-signed Current-cycling cor-meactor temperature As-signed urrent-cycling cor_meactor °ff)ft°i:“es

Conductor size i rating maximum temperature rating current-

AWG or ampere ampere cycling

kemil (mm?) mm2h rating® Static-heating®®9 75 °cd9 90 °c®9 rating® Static-heating®*9 75 °Cc%9 90 °C®9 hours'
30 (0.05) - 0.5 3 35 4 - & - - 1
28 (0.08) - 0.8 3.5 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 17 - - - - 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 23.2 33.2 1
14 (2.08) - 15 [20] 30 [22] 33 [271 40 - - - - 1
- - 25 16.7 [21.7] 317 [24] 35 [31.4] 448 1
12 (3.31) - 20 [25] 35 [28] 39 [40] 54 15 [20] 30 [22] 33 [29] 43 1
- - 4 23.5 [30.3] 40.3 [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 34.7 54.7 61.7 81 28.5 43.6 48.6 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
4 (21.2) - 85 125 140 175 65 100 110 140 1
- - 25 105 132 149 185 68.4 105 115 147 1

Table 7.5 Continued on Next Page
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Table 7.5 Continued

Copper Aluminum and copper-clad aluminum On (and
. As-signed Current-cycling cor_\neactor temperature As-signed Current-cycling cor.\neactor off)ftoirr'nes
Conductor size maximue,r fating maximum temperature rating current-
AWG or amper ampere cycling
kemil (mm?) mm?2" rating® Static-heating®°9 75 °C%9 90 °C®9 rating® | Static-heating>>? 15 °c*? 90 °C*9 hours'
3 (26.7) - 100 145 165 205 75 115 125 160 1
2 (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
- - 50 144 219 244 306 114 172 192 239 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 1-172
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
- - 185 318 517 570 726 256 404 446 567 1-1/2
400 (203) - 335 545 605 765 270 425 470 595 1-172
- - 240 368 601 668 843 300 470 522 658 2
500 (253) - 380 620 690 870 310 485 540 680 2
- - 300 417 685 768 960 338 536 595 754 2
600 (304) - 420 690 775 968 340 540 600 760 2
700 (355) - 460 755 850 1055 375 595 675 835 2
750 (380) - 475 785 885 1100 385 620 700 870 2
- - 400 487 809 913 1132 393 640 720 898 2

Table 7.5 Continued on Next Page
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Table 7.5 Continued
Copper Aluminum and copper-clad aluminum On (and
. As-signed Current-cycling cor-meactor temperature As-signed Current-cycling cor-meactor off)f::Tes
Conductor size i rating T temperature rating current-
AWG or ampere ampere cycling
kemil (mm?) mm?2"h rating® Static-heating®*9 75°C%9 90 °C®9 rating® | Static-heating®>? 75 °C%9 90 °C®9 hours’
800 (405) - 490 815 920 1140 395 645 725 905 2
900 (456) - 520 870 980 1220 425 700 785 980 2
- - 500 542 926 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) - 625 1175 1320 1645 520 950 1065 1330 3
- - 800 633 1208 1356 1691 528 981 1100 1374 3
1750 (887) - 650 1280 1435 1790 545 1050 1175 1470 3
- - 1000 664 1376 1531 1928 559 1142 1271 1599 3
2000 (1010) - 665 1385 1540 1940 560 1150 1280 1610 3

Note — Conductor sizes between values providdd in the table may be used for testing and rating cohnectors. Test currents shall be determined by interpolation of affjacent conductors based on the conductors
area. See Table E.1 for conductor area.

2See 7.2,8.2,and 9.2.

® Values are for 75 °C, not more than three conductors in raceway or cable ampacities sNational Electrical Code, NFPA 70.

© Values for 14 AWG (2.08 mm?) and larger are for 75 °C single conductor in free ait-ampacities, National Electrical Code, NFPA 70, Table 3 of the Canadian Electr|cal Code, C22.1, and Table 310-16 of the
Standard for Electrical Installations, NOM-001-$EDE.

4 Values are approximately 112 percent of the sfatic-heating test currents«

€ Values for 8 AWG (8.4 mm?) and larger conduftors are approximately 140 percent of the static-heating test current.
fSee 9.2.5.
9 Values in brackets apply to connectors with assigned ampere ratings.

" Values in the mm? column represent the comnfon sizés for metric conductors, as specified in IEC 60228. Corresponding ampacities and test currents are determiped by interpolation of the values for
AWG/kemil conductors, as permitted in NFPA 7P, Section 310.15(A).
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7.2.2 The current-cycling test shall be completed without any equipment wiring terminal exceeding the

following tem

perature rise 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 :td'uiiiiy factor "Si" (bcc 7.2.4) strattmotexceedthe fu“uwillg forthe b'quiplllb'llt W iring terminal
temperature [measurements taken at approximately 25, 50, 75, 100, 125, 175, 225, 275, 350425, and 500
cycles.

a) Tepts conducted with aluminum wire with AA-1350 alloy conductors shall.not exceed a stability

factof of £10.

b) Tests conducted with aluminum wire with AA-8000 alloy conductors shall not excged a stability

factor of 8.

c) Tesgts 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:

Si = di - D
D= dI+d2+ .. +dll)
11

in which:

D is the average temperature deviation,

iis a pumber from 4 t6"11 and signifies one of the 11 individual temperature measurenjents, and

d; is 4 temperature deviation for an individual temperature measurement.
Note: The valde fen.d; is determined by subtracting the control conductor temperature from the equipmen{ wiring terminal
temperature. ThHe Vvalue for di is a positive number when the equipment wiring terminal temperature is more than that of the control

conductor and a negative number when the equipment wiring terminal temperature is less than that of the control conductor. The

average of the 1

1 temperature deviations is then determined. See Annex C for example.

7.3 Static-heating sequence

7.31

The specimen sets shall carry continuously the value of 60 Hz test current specified in Table 7.5 or

Table 7.6 for the conductor size being tested until stable temperatures are reached without exceeding a
50 °C temperature rise above ambient temperature.

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

end-use equipm

ent application.

Note 2: A current source may be maintained at or above the required value by regulation or frequent adjustment.
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Note 3: When testing with aluminum conductors, testing may be conducted with either AA-1350 or AA-8000 conductors, with the
same allowed temperature rise.

Table 7.6
Static Test Currents for Connectors Intended for Paralleling Conductors, A

Conductor sizes Number and material of conductors
Two Three Four
Aluminum Aluminum Aluminum
and copper- and copper- and copper-
AWG or clad clad clad
kemil (mm?) mm? Copper  aluminum | Copper  alyminum | Copper  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
- - 240 781 611 1171 916 1562 1221
500 (253) - 806 631 1209 946 1612 1262
- - 300 1047 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 2 806 2250
- - 630 1593 1378 2390 1918 3187 2558
1250 (633) - 1598 1383 2397 1924 3196 2 566
1500 (760) - 1763 1425 2644 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 4 156 3450
NOTES —

Table 7.6 Continued on Next Page
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Table 7.6 Continued

Conductor sizes Number and material of conductors
Two Three Four
Aluminum Aluminum Aluminum
and copper- and copper- and copper-
AWG or ) clad clad clad
kemil (mm?) mm? Copper aluminum Copper aluminum Copper aluminum

1) The currents for conductor sizes 1/0 — 4/0 AWG (53.5 — 107 mm?) are based on the National Electrical Code (NEC), NFPA 70,
Table 310-16, 75 °C column, multiplied by the number of conductors and de-rated by 80 percent.

2) The currents for conductor sizes 250 kcmil (127 mm2) and larger are in accordance with the NEC, NFPA 70 , Sections
392.90(A)(2(a) and 392.80(A)(2)(b) for Table 310.17 (free air ampacities), 75 °C column, multiplied by the number of conductors
and de-rated a§ Toltows:

250 — 500 ketnil (127 — 253 mm?) — adjusted to 65 percent

600 kemil (304 mm?) and larger — adjusted to 75 percent
3) Any number|of conductors other than tabulated shall be adjusted in accordance with NEC, NFPA 70;Jable 310.1p(C)(1).

4) Values in thg mm? column represent the common sizes for metric conductors, as specified in IEC(60228. Corresponding test
currents are dgtermined by interpolation of the values for AWG/kcmil conductors, as permitted in NFPA 70, Section B10.15(A).

5) Conductor sfzes between values provided in the table may be used for testing and rating.connectors. Test curren{s shall be
determined by |nterpolation of adjacent conductors based on the conductors area. See Table E.1 for conductor areq.

7.3.2 For eguipment wiring terminals which are tested as partofithe end use equipment, s¢e 7.1.14, the
samples shdll carry the rated current of the end use equipméent'without exceeding the temperature limits
for that partigular equipment.

7.3.3 The joint between an equipment wiring terminal and the conductor shall be inta¢t after being
subjected fof 15 min to the secureness test described'in 9.3.2.

7.3.4 The jpint between an equipment wiring.terminal and the conductor of a specimen set $hall be intact
after being spibjected for 1 min to the pullout-test described in 9.3.4.

7.3.5 As afresult of the tests, thereshall be no breakage of the conductor or any strand pf a stranded
conductor, sfripping of threads;.shearing of parts, or other damage to the equipment wifing terminal.
Breaking of the conductor or dny strand of a stranded conductor shall be determined by exanination of the
complete equipment wiring.terminal assembly while still intact after the secureness or |pullout tests.
Breakage hgs occurred if-the conductor or a strand of a stranded conductor becomes visibly unattached.
Strand breaKage of 5-pércent is allowed for flexible and fine stranded conductors.

7.4 Mechapical sequence

7.4.1 The joint between an equipment wiring terminal and the conductor of a specimen set shall be intact
after being subjected for 15 min to the secureness test described in 9.3.2.

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

7.4.3 As a result of the tests, there shall be no breakage of the conductor or any strand of a stranded
conductor, stripping of threads, shearing of parts, or other damage to the equipment wiring terminal.
Breaking of the conductor or any strand of a stranded conductor shall be determined by examination of the
complete equipment wiring terminal assembly while still intact after the secureness or pullout tests.
Breakage has occurred if the conductor or a strand of a stranded conductor becomes visibly unattached.
Strand breakage of 5 percent is allowed for flexible and fine stranded conductors.
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7.5 Stress corrosion/moist ammonia (NH,)

7.5.1 A copper alloy part of an equipment wiring terminal shall be resistant to stress corrosion cracking.

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

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

7.5.3 A copper alloy part containing more than 15 percent zinc shall show no evidence of cracking when
examined using a 25X magnification after being subjected to the stress corrosion/moist ammonia (NH,)
test as specifijed-n-9-5-

7.6 Stress gorrosion/mercurous nitrate (HgNO;)

7.6.1 A copper alloy part of an equipment wiring terminal shall be resistant to stréss’corrosion cracking.

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

7.6.2 A brass part containing less than 80 percent copper shall not ¢rack when subjected [to the stress
corrosion/mefcurous nitrate (HgNO) test in 9.6.

8 Sampling Requirements
8.1 General

8.1.1 See Thble 8.1 for the minimum number of-specimens for test.

Table 8.1
Minimum:Number of Specimens for Test

Clause Test Number of specimens

9.2 Current-cycling 4 of each combination of conrjector and test
conductor(s) to be tgsted

9.3 Static-heating sequence 4 of each combination of conrector and test
conductor(s) to be tgsted

94 Mechanical sequence 4 of each combination of conrjector and test
conductor(s) to be tgsted

9340r96 Stress corrosion 3

8.1.2 Separate specimen sets shall be used for current-cycling, mechanical sequence, static-heating
sequence, and the other tests as applicable. See Table 7.1 and Table 7.2.

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

8.1.4 For a line of equipment wiring terminals 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;
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b) The largest, smallest, and one representative intermediate size if the line consist of five sizes;

and

c¢) The largest, smallest, and two representative intermediate sizes if the line consists of more than

five sizes.
8.1.5 Aline of equipment wiring terminals of similar design is determined by the following features:
a) Shape of equipment wiring terminal, shape of conductor opening, and shape and number of
clamping screws;
b) Material and surface treatment of the equipment wiring terminal body, tang, clamping screw, and
pres]uu: bar;
c¢) Torlque corresponding to the wire size of each equipment wiring terminal;
d) Crimping die design and number of crimps for equipment wiring terminalS-using cfimping tools;
and
e) Fof a tangless type equipment wiring terminal, the material and plating of the assotiated tang to
be used with the equipment wiring terminal.
8.1.6 Spec|mens shall be tested using both solid and stranded conductor for 30 — 10 AW[5 (0.05 — 5.3
mm?) / 0.5 4 6 mm? conductor sizes, and using stranded conddctor for 8 AWG (8.4 mm?) | 10 mm? and
larger unlesq the connector is marked in accordance with 1013, in which case the conductorjused shall be
of the type of types marked on the equipment wiring terminal.
8.1.7 If the|conductor range of an equipment wiring\terminal includes sizes 14 — 10 AWG (2/1 — 5.3 mm?)
/ 2.5 — 6 mnf?, and these sizes are not included- ifYthe test sample selection, additional sample sets shall
be tested us|ng the maximum size solid conductor in the range of 14 — 10 AWG (2.1 - 5.3 mm?) /2.5 -6

mm?

8.1.8 An eguipment wiring terminalthat is designed to employ clamping screws mafe for either
aluminum, brass, or steel shall be tested with clamping screws made of the material specified in Table 8.2.
Table 8.2
Material of Clamping Screws for Tests

Static-heating and mechanical sequences Current-cycling
Screw mdterial Steel Copper alloy Aluminum Steel Copper alloy Aluminum

Steel, copper alloy, or X = X X = xa
aluminum

Steel or aluminum X - X X - x@
Steel or copper alloy X X - X XP -
Aluminum or copper - X X - XP X
alloy

Note — An X in

dicates that the test shall be conducted.

@ Tests need not be conducted on aluminum screws if the temperature for the aluminum screws in the static sequence is less 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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8.2 Current-cycling

8.2.1 For an equipment wiring terminal without an assigned ampere rating, specimens shall be tested
using the maximum size conductor or conductors. For an equipment wiring terminal 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 an equipment wiring terminal that is
intended for a range of conductor sizes and for copper conductor in addition to 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. Also
see7.1.4.

Note: The current used in the tests with aluminum conductor may be raised above the required value with the concurrence of those
concerned.

8.2.2 For an equipment wiring terminal with an assigned ampere rating, specimens shall be|tested using
the size or sizes of the conductor corresponding to the assigned maximum amperérating arld equipment
wiring terminal temperature rating as indicated in Table 7.5. If the assigned maximum amper¢ rating of an
equipment wjring terminal 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 rgting. For an
equipment wjring terminal intended for paralleling conductors, the conductor sizes shall bé selected in
accordance with Table 7.5, and the current shall be selected in, accordance with Table|8.3. For an
equipment wjring terminal that is intended for a range of condugtor. sizes and for copper gonductors in
addition to ajuminum conductors, current-cycling tests with coppér conductors are not reguired to be
conducted if the size that is selected results in a test currenti\that is less than or equal to the test current
used in the tests with aluminum conductors.

Note: The current used in the tests with aluminum conductors may, be-taised above the required value with the conclirrence of those
concerned.

Cycling Test Currents for 75 °C and 906-°C g?)zlr?escfors Intended for Paralleling Conductors, A
Number and material of conductors
Two Three Fouf
Aluminum and Aluminum and Aluminum and
copper-clad copper-clad copper-clad
Conductor fsize, Copper aluminum Copper aluminum Copper aluminum
AWG
or
kemil  (mm?)[] mm? 75°C 90°C | 75°C 90°C | 75°C 90°C | 75°C 90°C | 75°C 90°C | {5°C 90°C
10  (53.5) - 336 420 269 336 504 630 403 504 538 672 431 538
2/0 (67.4) - 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) - 448 560 347 434 672 840 521 651 717 896 556 695
- - 95 478 598 372 466 718 897 559 699 766 957 596 745
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 | 1020 1274

Table 8.3 Continued on Next Page
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Table 8.3 Continued

Number and material of conductors
Two Three Four
Aluminum and Aluminum and Aluminum and
copper-clad copper-clad copper-clad
Conductor size, Copper aluminum Copper aluminum Copper aluminum
AWG
or
kemil  (MM?) [ mm? 75°C 90°C | 75°C 90°C | 75°C 90°C | 75°C 90°C | 75°C 90°C | 75°C 90°C
350 (177) - 736 920 576 720 | 1103 1379 | 862 1078 | 1472 1840 | 1132 1440
- - 185 754 942 520 736 | 1130 1413 | 882 1104 | 1508 1885 | 1165 1473
400  (203) - 794 993 620 771 1191 1488 | 928 1161 | 1588 1986{|1240 1548
- - 240 875 1094 | 684 854 | 1312 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 1124 | 1396 2138 | 1337 1687 | 2280 2850 ||1784 2249
600  (304) - 1160 1450 | 907 1145 | 1400 2176 | 1361 1718 |¥2320 2900 ||1815 2290
700  (355) - 1269 1587 [ 1000 1250 [ 1903 2379 | 1500 1876 | 2538 3174 |[2000 2500
750  (380) - 1320 1650 | 1041 1302 [ 1979 2474 | 1562 ()1953 | 2640 3300 [[2082 2604
- - 400 | 1360 1700 [ 1075 1344 [ 2039 2549 | #6183 2017 | 2720 3401 [[2151 2689
800  (405) - 1370 1713 | 1084 1355|2054 2568 |(1626 2033 | 2740 3426 |[[2168 2710
900  (456) - 1462 1828 | 1176 1470 | 2193 2744°| 1764 2205 | 2924 3656 [[2352 2940
- - 500 | 1557 1946 | 1248 1561 | 2334 (2918 | 1874 2341 | 3114 3892 [[2497 3121
1000 (507) - 1572 1965 | 1260 1575 | 2356~ 2946 | 1891 2363 | 3144 3930 [[2520 3150
- - 630 | 1785 2232 | 1433 1791|2676 3346 | 2149 2686 | 3570 4463 [[2866 3581
1250 (633) - 1790 2238 | 1437 1796|2684 3356 | 2155 2694 | 3580 4476 |[2874 3592
1500 (760) - 1975 2469 | 15961995 [ 2961 3701 [ 2395 2993 | 3950 4938 [[3192 3990
- - 800 | 2030 2538 | 1.649~ 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 (72910 | 1932 2415 | 3491 4364 | 2899 3623 | 4656 5820 ||3864 4830
NOTES -
1) Current valugs in the 756.2C column are approximately 112 percent of the static-heating test currents from Table 8/3.
2) Current valups in the-90 °C column are approximately 140 percent of the static-heating test currents from Table 8|3.
3) Conductor s
determined by

8.2.3 For an equipment wiring terminal with an assigned ampere rating and intended for a single
conductor and also for paralleling conductors, the current-cycling test shall be conducted on specimens
using the conductor combination or conductor size as selected for the static-heating test. For an
equipment wiring terminal that is intended for a range of conductor sizes and for copper conductors in
addition to aluminum conductors, heat-cycling tests with copper conductors need not be conducted 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 conductors.

Note: The current used in the tests with aluminum conductors may be raised above the required value with the concurrence of those
concerned.
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8.2.4 With reference to 7.1.6 and Table 7.3, if the equipment wiring terminal is intended for the
intermixing of conductors of different materials, the current cycling tests shall be conducted using the
following conductor material:

a) Maximum size copper with maximum size aluminum;

b) Maximum size copper with minimum size aluminum;

¢) Minimum size copper with minimum size aluminum; and

d) Maximum size copper in combination with a minimum size aluminum conductor or conductors

where the sum of test currents of the minimum size conductors is approximately equal to the
currentof the maximum size conductor

The test curregnts are based on the lesser current dictated by the two different conductorimatetials.
8.3 Static-heating sequence

8.3.1 An equipment wiring terminal without an assigned ampere rating and, intended for use|with a range
of conductor gizes shall be tested with the maximum size conductor. If more.than one conductpr is secured
by a single ¢lamping means, additional specimens shall be subjected to this test or thg mechanical
sequence test, as necessary.

8.3.2 For ap ampere-rated equipment wiring terminal not intended for paralleling conductors, the static-
heating seqyence shall not be conducted with the larger-size(s) of conductor that excg¢ed the size
conductor that corresponds to the ampere rating of the conductor as determined from Table|7.5; only the
mechanical sequence tests shall be conducted. An equipment wiring terminal specimen set jwith the size
conductor thgt corresponds to the ampere rating shall’'be subjected to the full static-heating sgquence.

Note: See Anne) B for example.

8.3.3 For aph ampere-rated equipment\wiring terminal intended for paralleling conductorg, specimens
shall be tested with the parallel conductor combinations that equal the assigned ampdre rating as
determined fiom Table 7.5. The ampere rating assigned to the equipment wiring terminal shall be divided
by the numbgr of conductors. Forampere 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 7.6. If the number of conductors is less than the number|of conductor
openings, the conductors-'shall be positioned in the equipment wiring terminal so that the test current is
concentrated|in the.smallest cross-sectional area of the equipment wiring terminal in the cyrrent path. If
the equipment wiring terminal also has single conductor ranges, the conductor sizes and Values of test
current in the|static-heating tests for the single conductor ranges shall be selected from Table [7.5 using the
conductor size that corresponds o the ampere rating of the equipment wiring terminal.

Note: See Annex B for example.

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

8.4 Mechanical sequence

8.4.1 For the mechanical sequence, equipment wiring terminals intended for use with a range of
conductor sizes shall be tested with the maximum and minimum size conductor. The mechanical
sequence on any particular conductor size need not be repeated if it has been conducted as part of the
static-heating sequence. If more than one conductor is secured by a single clamping means, additional
specimens shall be selected for this test, as necessary.
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8.5 Stress

8.5.1

corrosion/moist ammonia (NH,)

ammonia (NH,) test described in 9.5.

8.6 Stress

8.6.1

corrosion/mercurous nitrate (HgNO5)

corrosion/mercurous nitrate (HgNO;) test described in 9.6.

The number of specimens as identified in Table 8.1 shall be subjected to the stress corrosion/moist

The number of specimens as identified in Table 8.1 shall be subjected to the stress

8.6.2 The test shall be conducted on a specimen previously unused and not attached to a conductor or

otherwise su
9 Test Met
9.1
9.1.1 Temg

9.1.1.1 Ten
AWG (0.21 n

9.1.2 Amb
9.1.2.1 Tes
average am

temperature

9.1.2.2 The
under test sh

General

jectedtoextermatstress:

hods

erature measurement

peratures shall be measured by thermocouples consisting of conductors not |
'm?) and not smaller than 30 AWG (0.05 mm?).

ent temperature measurement

t assemblies shall be located in a substantially vibration and draft-free locati
bient air temperature shall be maintained in the range of 15 °C — 35 °C.
shall be kept within +4 °C at all times'during the test.

rmocouples to measure the ambient temperature for an equipment wiring termi
all be installed on 50.8 mm((2 in) square x 6.4 mm (1/4 in) thick sections of un

bus. All busgs shall be mounted in @ vertical plane at the same elevation as the wire equ

terminals be
terminal or c
in parallel to

9.1.2.3 For
front, one b

ng tested. All measurements shall be made to the centerline of the nearest equ
bntrol conductor. Jfafkthermocouples employed are the same length, they shall
provide an average’ambient temperature.

verticallymounted equipment wiring terminals, one bus shall be located 610 n
s 610 (mm (2 feet) in back of the specimens and control conductor. For teg

employing a

insulating backboard as mentioned in 9.1.10.10, no bus section shall be mount

brger than 24

bn where the
The ambient

nal specimen
blated copper
pment wiring
pment wiring
be connected

hm (2 feet) in
t assemblies
ed behind the

test assemblrp.

9.1.2.4 For horizontally mounted equipment wiring terminals in an assembly of one or more specimens
of equipment wiring terminals, bus sections shall be located 610 mm (2 feet) in front, 610 mm (2 feet) in
back, and 610 mm (2 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 control conductor.

9.1.3 Control conductor temperature measurement

9.1.3.1 A thermocouple shall be located on each control conductor. For control conductors used when
testing an equipment wiring terminal intended for paralleling conductors, the thermocouples shall be the
same length and connected in parallel to determine the average control conductor temperature.
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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 secured by
soldering, by use of an adhesive, or by other equivalent means. The conductor insulation shall be replaced
over the thermocouple location. The surface of the conductor metal shall not be penetrated. Drilling and
peening shall not be used. When uninsulated conductors are used, a thermocouple is not placed under
any conductor 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 cut into the conductor insulation and rolled back to expose the conductor.
When using uninsulated conductors, this step shall be skipped.

b) The thermocouple bead shall be positioned in the valley between conductor strards or on the

surfage of a solid conductor.

c) The flap of insulation shall be repositioned and secured by a tightly wrapped, double layer of
black thermoplastic tape extending not more than 12.7 mm (1/2 in) onieach side of the flap, or by
another similar means of holding the test conductor insulation in place. When using uninsulated
tors, no insulation flap shall be used. A double layer of black thermoplastic fape shall be
wrapped directly over the thermocouple bead.

y conductive
e technique

9.1.3.4 For|temperature measurements on an aluminum contrel conductor, if a thermall
adhesive which maintains direct contact with the strand of the control conductor is used, t

specified in
technique sh

.1.3.3 shall be used. When a thermally conductive adhesive is not used,
Il be used:

he following

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

b) Forla solid conductor, the thermocouple shall be secured to the surface of the condyctor.

c) Ong¢ conductor strand shall be pried out of the stranding just enough to insert the end of a soft
copperr ribbon measuring 6.4 mm (1/4 in) wide x 0.13 mm (0.005 in) thick to a length that overlaps
approkimately 3.2 mm (1/8\in) as illustrated in Figure 9.1. The conductor strand shall then be lightly
tappedl 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 thefmocouple 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
complLMmmmmmwmmm—@w 3 in) overlap
results. The ribbon shall be secured in place by reheating the solder behind the ribbon where the
thermocouple is located.

f) The section of insulation removed as described in (a) shall be attached with the slit side directly
opposite the thermocouple junction. Thin-walled heat shrinkable 125 °C tubing or a tightly
wrapped, double layer of black thermoplastic tape extending not more than 12.7 mm (1/2 in) on
each end of the section of insulation shall be used to hold it in place. When using uninsulated
conductors, no insulation flap shall be used. A double layer of black thermoplastic tape wrapped
directly over the copper ribbon or heat shrink tubing shall be used.
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Figure 9.1
Method for Attaching Thermocouples to Stranded Aluminum Control Conductors Used for
Current-Cycling Tests
50/50 ROSIN FLUX
SOLDER
THERMOCOUPLE
JUNCTION
COPPER
RIBBON
WIRE 5mm)
STRAND
X.) AT
[NDS
SB1790
9.1.4 Specimen temperature measurement
9.1.4.1 A thermocouple on an equipment wiring terminal shall be positioned to sensg the highest
temperature$ generated by the equipment wiring terminal. In general, the thermocouple $ensing bead
shall be locdted on one of the canductor entry sides of the equipment wiring terminal and glosest to the

conductor/ed
thermal and
appreciable
thermocoupl
an adhesive

9.14.2 Atg

uipment wiring terminal contact surface. A thermocouple shall be installed sg
mechanical bonding with the surface of an equipment wiring terminal and witho
change in_the.temperature of the equipment wiring terminal, for example
bs into smallholes drilled in the equipment wiring terminal or by the use of smal

st specimen shall be considered stable during the static-heating test when three

as to obtain
ut causing an
by peening
quantities of

e temperature

readings tak

en at Not [ess than 1TU min Intervals snow no more than a £ U variation betw

consecutive readings.

9.1.5 Test and control conductors

9.1.5.1

een the three

All test specimen conductors and control conductors shall comply with the requirements in Table

9.1, Table 9.2, Table 7.4, and Table 9.3, see 9.1.5.4. All test specimen conductors and control conductors

shall be new (previously unused) or, with the concurrence of those concerned, shall be previously used
conductors that have not attained a temperature of over 120 °C. For previously used conductors, used
conductor ends shall be cut off and the resulting new ends of the conductor re-stripped in accordance with

9.1.6.
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Table 9.1
Conductor Stranding for AWG or kcmil Conductors
Size of conductor to which connector is to be Number of strands, if stranded conductors
assembled Copper Aluminum
AWG or kemil (mm?) Class B Class C Class B
2430 (0.20 - 0.05) @ - -
22 (0.32) 7 - -
20 (0.52) 10 - -
18 (0.82) 16 - -
16 13) 76 = -
14-2 (2.1-33.6) 7 19 7P
1-4/0 (42.4-107) 19 37 19
250 -5d0 (127 — 253) 37 61 37
600 — 1 0p0 (304 —508) 61 91 61
1250 -1 p00 (635 —759) 91 127 91
1750 -2 900 (886 —1016) 127 271 127
@ Number of strinds vary.
® Aluminum 14 AWG (2.1 mm?) is not available.

Table 9.2
Conductor Stranding for Class 2 mm? Conductors
Size of co_nductor to which connector Circular Circular compafted
is to|be assembled
mm? (AWG or kcmil) Cu Al Cu Al
0.5-1.0 (20-18) 7 - - -
15-6 (16 —10) 7 - 6 -
10-16 (8-16) 7 7 6 6
25-35 (4-2 7 7 6 6
50 (1.=\N0) 19 19 6 6
70 (2/0) 19 19 12 12
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 9.3
Conductor Insulation?
AWG or kemil (mm?) Type of insulation®
Solid 12 (3.31) / 4 mm? and larger THHN
THW
Aluminum USE
XHHW
PE or XLPE thermoset insulation
Stranded All sizes USE
PEorXtPEthermosetimsutation
30 —24 (0.05-0.20) Thermoplastic at least 0.254°(¢.010 in) thick
22-16(0.32-1.31)/0.5—- 1.5 mm? Thermoplastic at least|0:762 mm (0.030 in)
thick
Copper Solid and stranded 14 (2.08) / 4 mm? and larger THHN
THW
USE
XHHW
& Table 11 is ngt applicable when testing with uninsulated conductors.
® Type of insulition is not specified when testing with a connector assembly that’ddes not rely on the conductor insulation.
9.1.5.2 |E(Q 60228 indicates that aluminum conductors; shall consist of aluminum or alyminum alloy.
When testing with aluminum metric wire, alloy of the ‘aluminum conductor shall be confirmefd to be either
AA-1350 or AA-8000.

9.1.5.3 When testing with copper metric (wire, any conductor complying with IEC 60
considered gcceptable.

9.1.5.4 With reference to 9.1.5.1, a‘connector may be tested with uninsulated conductors
with any typg of insulation whentthe connector assembly does not rely on the conductor i
insulation pigrcing connector. YWhen using uninsulated conductors, Table 9.3 shall not be app

compact-strgnded copper conductors shall be tested with compact-stranded Class B or
compact copper conductors. See also 6.1.2 and 10.12.

ipment wiring terminals additionally rated for 2 AWG (33.6 mm?) / 35 mm

P28 shall be

br conductors
nsulation, i.e.
ied.

2 and larger
IEC Class 2

9.1.5.6 An pguipment wiring terminal for flexible copper wire other than Class B, Class C, o

r IEC Class 2

stranding shall be subjected to all test sequences using the other stranding. Testing with stranded wire
with the maximum stranding count and minimum stranding count for a specific size of wire is considered to
represent wire of that specific size with stranding counts between the tested ranges. Refer to Annex F for

Conductor Stranding.

9.1.5.7 With the concurrence of those concerned, the test specimens and conductors

used in the

current-cycling test for the evaluation of a 75 °C rated equipment wiring terminal may be used to evaluate
the equipment wiring terminal for a 90 °C rating at the required new test current and for an additional 500

cycles.

9.1.5.8 When performing the Current-Cycling and Static-Heating Tests, the insulation for conductors

shall be black or, if a comparison measurement is made in accordance with 9.1.5.9 and a

n adjustment

factor is included in the temperature rise limit, insulation color other than black shall be allowed.
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9.1.5.9 Performing the Current-Cycling and Static-Heating Tests with a conductor having an insulation
color other than black shall be permitted if a temperature comparison is conducted, using a control
conductor and a conductor with the color to be used during the test (referred to as a “comparison
conductor”). The comparison set-up shall be performed with the control and comparison conductor and
equalizer size and length (if applicable) complying with the requirements for a control conductor and
equalizer used during the Current-Cycling Test. The current used during the temperature comparison shall
be the same used during the Static-Heating Test. If higher temperature rises are measured on the control
conductor, the difference in temperature rises (temperature rise of control conductor, minus the
temperature rise of comparison conductor) shall be considered an adjustment factor and deducted from
the allowed temperature rise in the Current-Cycling and Static-Heating Tests.

9.1.5.10 For_the purposes of the temperature comparison in 9.1.5.9. the control conductor shall be

provided with
insulation of
follows: The
and when ug
comparison

9.1.5.11 Th
strand layer @

Note: A separatd

9.1.5.12 Th
equalizer for

black insulation or without insulation, and the comparison conductor shall be.
the color being used during the test. The conductors shall comply with:9.1.
control and comparison conductor may be compact, compressed, or ¢oncent
ing aluminum conductors, either AA-1350 or AA-8000 alloy, so lohg as the
se the same stranding configuration, class, and material.

b conductor shall be examined to verify that the insulation has'net penetrated be
uring the manufacturing process.

r may be located between the conductor and the insulation of a stranded conductor to attain requireq

b length measured from the conductor entry face of the test equipment wiring tg
he current-cycling test or to the face of the equipment wiring terminal at the oth

rovided with
b, except as
ic stranding,

control and

yond the first

separation.

rminal to the
er end of the

test conductgr for the mechanical or static-heating test,shall be as specified in Table 9.4.

Table 9.4
Test Conductor Length
Conductor size Minimum conductor length?
AWG or k¢mil (mm?) mm?2 mm (in))
30-8(0j05-8.4) 0.5-10 203 8
6-3(13[3-26.7) 16-25 305 (12)
2-500 (3B.6 — 253) 35-240 457 (18)
Larger than 500)(Larger than Larger than 240 660 (26)
253

@ The conducto)
9.3.2.1-9.3.2.

I length/for the secureness test in the mechanical or static-heating sequence shall not be less than t
B.

r'lat specified in

9.1.5.13 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 equipment wiring terminal specimens.

9.1.5.14 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 equipment wiring terminal specimens.

9.1.6 Conductor stripping

9.1.6.1 Conductors shall be stripped immediately prior to installation for a distance that is proper for
insertion into the equipment wiring terminal and shall be assembled in the equipment wiring terminal in the
intended manner. The conductor shall not be brushed or abraded prior to installation into the equipment
wiring terminal.
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Note 1: Care should be taken in stripping conductors to avoid cutting, nicking, scraping, or other damage to the conductors. Care
should be taken in removing all foreign materials such as insulation, separators, and the like from the stripped ends.

Note 2: For an insulation piercing type equipment wiring terminal, 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 equipment wiring terminal marked with a nominal strip length according to footnote (a) of
Table 9.5, all tests shall be performed with conductors stripped to the nominal value minus the tolerance
specified in Table 9.6.

9.1.6.3 For an equipment wiring terminal marked with a minimum conductor strip length, all tests shall be
conducted with conductors stripped to the minimum length.

9.1.6.4 |If trlue strip length is not provided in accordance with footnotes (b) and (c) (of llable 9.5, the

insulation of
available len
conductor sh

the test conductor shall be stripped to allow the conductor to make ccontac
gth of the equipment wiring terminal collar or barrel that contains thé, s€curing
all be positioned so that 6.4 — 12.7 mm (1/4 — 1/2 in) of bare conductor is expd

with the full
means. The
sed between

the conduct
conductor p
installed to p

br-entry face of the equipment wiring terminal and the beginning’ of the insulation. If the
ojects through the equipment wiring terminal without interference, the condyctor shall be
roject a maximum of 6.4 mm (1/4 in).

Table 9.5
Wire Strip Length

Regquired wire strip length marking

Connector type Maximum strip length Minimum strip length

Xa,b,c

Non-insulated
Note: An X ind

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

cates marking is required.

b Strip length marking shall be optional if the corinector is provided with an open end opposite the conductor insertign end through

which the end pf the conductor is visible afterit is’connected.
¢ Strip length nmharking shall be optional if thé connector is provided with an inspection hole opposite the conductor injsertion end
through which[the end of the conductor.is,visible after it is connected.
Table 9.6
Strip-Length Tolerances for Conductors
Conductor size Tolerance
AWG or kemit (llllllz) TTTITT TYIITT (: )

30-14(0.05-2.1) 05-25 0.8 (£1/32)

12-10(3.3-5.3) 4-6 +1.2 (£3/64)

8-250(8.4-127) 10-120 +1.6 (£1/16)

300-2000 (152 -1 016) 150 — 1 000 3.2 (£1/8)

9.1.7 Equalizer

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 an equipment wiring terminal shall have the free
end welded or brazed to an equalizer to make a thorough electrical connection for each strand. Tool-
applied compression connectors without welding may be used.
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Note 1: An equal

izer is not required but can be used for a solid test conductor.

Note 2: Equalizers need not be used on specimens intended for any other tests, as it is necessary to insert the open end of the
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

condu

ctor;

b) A tool-applied compression connector; or

c) A pressure screw-type wire connector having an open end oppasite the conductor insertion end.
9.1.7.3 Thelend of the conductor that projects through the equalizer shall be welded into, a@hpmogeneous
mass with the bus [see9.1.7.2(a)] or the connector [see 9.1.7.2(c)]. For a equipment wifing terminal
intended for paralleling conductors, the hole spacing pattern in the equalizer shall be’ identical to the hole
spacing pattgrn in the equipment wiring terminal. A wire connector used as an gqualizer shall[not be larger
than that negded for the conductor size involved, and an equalizer bus shall not be larger than the
applicable bys size indicated in Table 9.7. For test currents over those\in Table 9.7, thg size of the
equalizer shqll be based on 1.55 A/mm? (1 000 A/in?) of cross-section far.a copper bus equaljzer and 1.16
A/mm? (750 A/in?) of cross-section for an aluminum bus equalizer.

Table 9.7
Busbar Dimensions
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(1/8x 1) 3.2x 32 (1/8 x 1{1/4)
126 — 225 3.2x48 (1/8 x 1-7/8) 3.2x 57 (1/8 x 2{1/4)
226 — 400 6.4 x 38 (1/4 x 1-1/2) 6.4 x 50 (1/4 x|2)
401-600 6.4 x50 (1/4 x 2) 6.4 x 76 (1/4 x|3)
601 -2800 6.4x76 (1/4 x 3) 6.4x102 (1/4 % 4)
01-1000 6.4x102 (1/4 x 4) 9.5 x 89 (3/8 x 311/2)
1{001 -1 40Q 12.7x 76 (1/2x 3) or 12.7 x 89 (1/2 x 3-1/2)
two 6.4 x 102 (1/4 x 4)
{4012 000 12.7 x 102 (1/2 x 4) or 12.7 x 127 (112 k 5)
two 6.4 x 102 (1/4 x 4)
2001 -3000 25x 76 (1x3) 19 x 127 (3/4 x 5)
3000 -4 000 25x 102 (1 x 4) 25 x 140 (1 x 5-1/2)
4000 -4 800 32x 102 (1-1/4 x 4) 50 x 102 (2 x 4)

9.1.8 Preparation of specimens

9.1.8.1 Representative specimens of the equipment wiring terminal 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 an
equipment wiring terminal intended for paralleling conductors, the number of control conductors shall be
equal to the number of conductors being tested.
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9.1.8.2

be used in the intended manner.

9.1.8.3

If an equipment wiring terminal is intended for assembly by means of a specific tool, this tool shall

If an equipment wiring terminal is intended to be assembled to a conductor by means of more

than one type of specific tool, the equipment wiring terminal 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 an equipment wiring terminal to a
conductor, the following features shall be considered:

a) Profile, width, and depth of the equipment wiring terminal;

b) Mé

c) Cri
d) Th
e) Sin

9.1.85 If g

furnished with the equipment wiring terminal, such instructions shall be followed in the prep

specimens,
only if the eq

9186 At
mounted for
tang shall n
sequence a
equipment W
terminals mq
auxiliary anti
of the assem

9.1.8.7 Wit
or similar fea
reduce the ri
the bodies g
equipment W

9.1.8.8 For

terial of equipment wiring terminal body;
mping die geometry;
b number of crimps; and

hilarity of crimp forces.

pecific instructions for assembling the equipment wiring terminal to the ¢

bxcept that the conductor shall not be brushed or abraded and an antioxidant
Lipment wiring terminal is prefilled with the antioxidant. See 10.15.

bngless type equipment wiring terminal (e@;, collar or meter-socket construc
test purposes on a tang representative ‘of the intended use; see 9.1.8.8. The
bt exceed twice the length of the equipment wiring terminal body. For the
hd mechanical sequence, individual“tangs with a mounting hole in the end
iring terminal shall be used. For, the current-cycling test, one tang with equ
unted as illustrated in Figure 9:2 shall be used. If the specified mounting me
rotation means, such meang shall not increase the thermal mass or heat-radiatin
bly.

h reference to 9.1:8.6, a equipment wiring terminal integral with a fuse clip, mets
ture, intended for-connection to a bus having a low conductivity shall have the
sk of over-heating of the tang. The test tang shall not be so large that it operate
f the equipment wiring terminal as determined by thermocouples placed on t
iring terminal bodies.

afangless type equipment wiring terminal (see Figure 9.2), the following inform

ponductor are
aration of the
shall be used

ion) shall be
length of the
static-heating
opposite the
pment wiring
ans includes
g capabilities

br-socket jaw,
tang sized to
s cooler than
he tangs and

ation shall be

provided:

a) Material of tang;

b) Plating on tang;

¢) Minimum cross-section of tang;

d) Material of mounting screw;

e) Us

e of a washer, type and size; and

f) Torque to be used to secure the equipment wiring terminal to the tang.
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Figure 9.2
Method for Mounting Tangless Type Equipment Wiring Terminals
TANGLESS B CONDUCTED
CONNECTOR BEARING
/\_,~</ SCREW
= ATTACHING
= HARDWARE
/-
TEST TANG —/ =
NS
A
SB1748
9.1.8.9 When preparing assemblies using tninsulated conductors, a cable tie or similar mgans shall be

used in close
This restrictig
place during {

Note: The use o
similar constrain

9.1.9 Tightening torque

9.1.9.1 The

proximity to the wire openingo prevent splaying or spreading of the uninsulate
n shall be applied to theconductor end prior to any torqueing or crimping and sk
he remainder of the test.

a cable tie or similarmeans is intended to maintain the relative positioning of the individual condu
s that might occur if.insulated conductors had been used, where the conductor insulation acts in the

connection between the conductor and the equipment wiring terminal shall be

d conductor.
all remain in

tor strands with
Bame capacity.

made before

the start of th

b first test an any Qpnrimpn set_No additional ’righ’rpning shall be pnrfnrmnd durid

g the testing

program.

9.1.9.2 An equipment wiring terminal shall be mounted to a test bus according to the manufacturer’s
minimum specifications. During application of the tightening torque the equipment wiring terminal
assembly shall be free to turn about its mounting means except as restricted by the design of the
equipment wiring terminal or the specified mounting means. Subsequent turning of the equipment wiring
terminal 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 testing program.

9.1.9.3 The specified torque shall be applied by tightening the connection between the conductor and the
equipment wiring terminal until the specified value of torque is attained and maintaining this value, with a
constant torque reading, for 5 s.
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9.1.9.4 Except as allowed in 9.1.9.5 and 9.1.9.6, the tightening torque values specified in Table 9.8,
Table 9.9, or Table 9.10 shall apply to all equipment wiring terminals employing conductor clamping nuts or
bolts of the types described in the tables. The values in Table 9.8 are based on the size of the installed test
conductor, while the torque values specified in Table 9.9 and Table 9.10 are independent of the installed
test conductor. Table 9.9 is limited for use with equipment wiring terminals intended for 8 AWG (8.4 mm?)
/ 10 mm? or smaller conductors. If more than one conductor is secured under the same clamping nut or
bolt, the torque value in Table 9.8 shall be applied based on the largest conductor installed. Specimens
prepared for the current-cycling 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 When a tightening torque value is assigned, the current-cycling test specimens shall be prepared
using 90 percent of the assigned torque value. All other tests shall have the specimens prepared using the
assigned valle of torque. See 10.22 for marking requirements.

9.1.9.6 For| equipment wiring terminals with shear bolt style clamping means, all'tests shall have the
specimens prepared with the shear bolt tightened to the point of shearing.

9.1.9.7 Equipment wiring terminals having clamping screws with multiple tightening means|(for example,
a combinatign slotted, hexagonal head screw) shall be tested using the “multiple values|of torque as
specified in Table 9.8, Table 9.9, and Table 9.10.
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Tightening Torque for Screws

Table 9.8

Tightening torque, N-m (Ibf-in)

Slotted head No. 10 and larger®

Hexagonal head —

external drive socket wrench

Slof width — 1.2 mm (0.047 in) or less . .
Test conductor size installed in anf slot length — 6.4 mm (1/4 in) or | Slot width — over 1.2 mm (0.047 in) or
connector less slot length — over 6.4 mm (1/4 in) Split-bolt connectors Other connectors
AWG or )
kemil (mm?) mm? A B A B A B A
30-10  (0.05-5.3) 05-6 1|7 (15) 23 (20) 238 (25) 40 (35) 73 (65) 9.0 (80) 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 (%0) 6.8 (60) 8.5 (75)
6-4 (13.2- 16 28 (25) 4.0 (35) 4.0 (35) 5.1 (45) 153 (135) 18.6 (165) 10.2 (90) 12.4 (110)
21.2)
3 (26.7) 25 28 (25) 4.0 (35) 45 (40) 5.6 (50 25.4 (225) 31.1 (275) 14.1 (125) 16.9 (150)
2 (33.6) 35 3l (30) 45 (40) 45 (40) 5.6 (50) 25.4 (225) 31.1 (275) 14.1 (125) 16.9 (150)
1 (42.4) - - - 45 (40) 5.6 (50) 25.4 (225) 31.1 (275) 14.1 (125) 16.9 (150)
1/0 = 2/0 (53.5— 50-70 - - 45 (40) 5.6 (50) 35.6 (315) 435 (385) 16.9 (150) 20.3 (180)
67.4)
3/0-4/0 (85.0— 95 - - 45 (409 5.6 (50) 45.2 (400) 56.5 (500) 22.6 (200) 28.2 (250)
107.2)

250-350 (127-177) | 120-185 - - 45 (40) 5.6 (50) 62.1 (550) 73.4 (660) 28.2 (250) 36.7 (325)
400 (203) - - - 45 (40) 5.6 (50) 76.3 (675) 93.2 (8p5) 28.2 (250) 36.7 (325)
500 (253) 240 - - 4.5 (40) 5.6 (50) 76.3 (675) 93.2 (8p5) 33.9 (300) 42.4 (375)

600—750 (304 -380) | 300-400 - - 45 (40) 5.6 (50) 90.4 (800) 113.0  (1000) 33.9 (300) 424 (375)

8001000 (406 —508) | 450—500 - = 45 (40) 5.6 (50) 117 (900) | 1243 (1{00) | 45.2 (400) 56.5 (500)
1250 — (635— | 6301000 - - - - 11.7  (900) | 1243  (1100) | 56.5 (500) 67.8 (600)
2000 1010)

@ For values of slot width or length not correspo
at the bottom of the slot.

ding to those/spegified, select the largest torque value associated with the conductor size. Slot width is the nomingj design value. Slot length shall be measured
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Table 9.9

Tightening Torque for Slotted Head Screws Smaller than No. 10 Intended for Use With 8 AWG (8.4
mm?) or Smaller Conductors

Tightening torque, N-m (Ibf-in)

Slot width of screw smaller than 1.2 Slot width of screw 1.2 mm (0.047 in)
Slot length of screw® mm (0.047 in)® and larger®
mm (in) A B A B
Less than 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)
4.8 (3/16) 0.68 (6) 0.79 (7) 1.1 (10) 1.4 (12)
5.6 (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)
71 (9/32) - - 1.4 (12) 1.7 (15)
Above 7.1 (Above 9/32) - - 1.8¢(116) 2.3 (20)
@ For slot lengths of intermediate values, select torques pertaining to next shorter slot lengths. Alsd; see 9.1.9.7 for gcrews with
multiple tightefing means. Slot length shall be measured at the bottom of the slot.
b Slot width is fhe nominal design value.
Table 9.10
Tightening Torque for Screws With Recessed Allen or Square Drives
Socket|width across flats® Tightening torque, N-m (Ibf-in)
mm (in) A B
3.2 (1/8) 4.0 (35) 5.1 (45)
4.0 (5/32) 9.0 (80) 11.3 (100)
438 (3/16) 11.3 (100) 13.6 (120)
5.6 (7/32) 13.6 (120) 16.9 (150)
6.4 (1/4) 16.9 (150) 22.6 (200)
7.9 (5/16) 254 (225) 31.1 (275)
9.5 (3/8) 33.9 (300) 42.4 (375)
12.7 +2) 45.2 (400) 56.5 (500)
14.3 (9/16) 56.5 (500) 67.8 (600)
@ See 9.1.9.7 fpr screws with multiple tightening means.

9.1.10 Test assembly

9.1.10.1

Specimens and the control conductor shall be connected in series and to a current source.

Tang-type equipment wiring terminals shall be bolted back-to-back, and equalizers shall be bolted together
or to lengths 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 equipment wiring terminal 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.
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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.

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 9.11.

Table 9.11

Tightening Torque for Connecting Hardware

Screw or bolt size Tightening torque

Metric SAE N-m (Ibflft)
E No. 8 or smaller 2 (1.p)

] No.10 3 2.p)
Mo 1/4 8 (6)

1 5/16 15 (11)
MJ0 3/8 26 (19)
: 7/16 41 (30)
Mi2 12 54 (40)
E 9/16, 5/8 or larger 75 (5%)

9.1.10.3 When the installation instructions (see 10.21) specify that a dished washer shall pe used, the
design of the|dished washer shall be such thatthe force needed to flatten the washer is as spgcified for the

corresponding bolt size in Table 9.12. The hardware shall be as follows:

a) Ong plated or stainless steel dished washer per securing bolt shall be used.

b) A flat washer as mentioned in 9.1.10.2(b) shall be used on the side of the tang-to-tang or tang-
to-bug connection opposite the dished washer.

c) Tepts on apyequipment wiring terminal shall be conducted using other hafdware, part
securément torque values, and dished or other washers having different characteristics, if the
installationsinstructions specify all necessary hardware and torque. See 10.21.

Flattening Force

Table 9.12

Force, minimum

Bolt size
Metric SAE N (Ib)
M6 1/4 3560 (800)
- 5/16 4 450 (1 000)
M10 3/8 6 230 (1 400)
M12 7/16, 1/2 12015 (2 700)
- 9/16, 5/8 or larger 15130 (3400)
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9.1.10.4 The lengths of the busbars mentioned in 9.1.10.1 shall be the minimum necessary to provide
sufficient contact area for the equalizers while maintaining the center-to-center specimen spacing
specified in 9.1.10.5. The cross-section dimensions of the bar shall be sufficient to prohibit a test-current
density in excess of 1.55 A /mm? (1 000 A /in?) for copper or 1.24 A /mm? (800 A /in?) for aluminum bus.
See Table 9.7.

9.1.10.5 Individual equipment wiring terminal/conductor specimens shall be separated by at least 457
mm (18 in) when measured center-to-center.

9.1.10.6 With reference to 9.1.10.5, the spacing may be reduced with the concurrence of those
concerned.

9.1.10.7 th reference to 9.1.10.5, the spacing may be reduced to a minimum of 152xpm (6 in) if a
thermal barrier is used between assemblies. The thermal barrier shall extend at least(t52 mm (6 in) in a
vertical diregtion and 25.4 mm (1 in) in a horizontal direction beyond the extremities of the equipment
wiring termi

9.1.10.8 Tdgst assemblies and the control conductor shall be suspended wvertically or horizpntally in free
air by the uge of loose-fitting, nonmetallic tie straps around the conductors or by suspension from the
equalizers slipported in turn by nonmetallic blocks. The method used shall reduce the disturbance of the
test connections during handling of the specimens and reduce the fransmission of tensile logds to the test
equipment wliring terminals through test or supply conductors. Sée)Figure 9.3 for an examplg of a vertical
arrangement.
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Figure 9.3

Vertical Arrangement of Specimen for Current-Cycling Test

280 OF

BUSBAR T uP

T\ weLo il /ﬂ'
LEAD i | o/ i
i i i
Nl L1l L1l
NDUCTOR )
THERMAL  —_| CONDUCTO 25 mm (1 in) —»
BARRIERS S MIN. TYP.
(4 PLACES) \‘7 T _
A
150 mm (6 in) ¢
75 mm (3 in) = MNT—TYRT
MIN. TYP.
T
TEST I
SPECIMEN TEST
e SPECIMEN
1,
75 mm (3 in) L
MIN. TYP. TC—T !
1 1 150 mm (6 in)
MIN. TYR!
<+
A
WELD i i
| |
i il
db 25 mm (1 |n)
| MIN. TYP]
/ VIEW A
EQUALIZER _/
REFERENCE — SUPPLY
CONDUCTOR LEAD
TC = THERMOCOUPLE ‘—‘?g e —"—‘?g N EQUALIZERS
MIN. TYP. MIN. TYP.

FOR A TANGLESS [CONNECTOR, THE FOLLOWING INFORMATION

SHALL BE PROVIDED:

a) MATERIAL OF TANG;

b) PLATING ON TANG;

c) MINIMUM CROSP-SECTION OF TANG;

d) MATERIAL OF MOUNTING SCREW;

e) USE OF A WASHER, TYPE AND SIZE;

f) TORQUE TO BE|USED TO SECURE_ THE_CONNECTOR TO THE TANG.

g) EQUALIZERS ON BOTH ENDS TO.BEN\THE SAME TYPE (EITHER WELDED OR COMPRESSION).
SM1121B
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9.1.10.9 The temperature measurement location for the control conductor and equipment wiring terminal
samples shall 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 For an equipment wiring terminal intended for paralleling conductors, the current-on time shall be
the time it takes for the eqmpment wiring terminal to reach stable temperatures. The current-off time shall
be the time itta e the current-
off time with t 25 cycles of
operation as

the concurrence of those concerned These times shall be determlned in the. fir
follows:
a) Fof

all iterations of the first 25 cycles of operation, the time to stabilizationhall be recorded.

b) The
curre
demd
any t

nstrated by three readings at 10 min intervals showing no moré than a 2 °C variation between
vo of the readings.

c) Th
stabil

e current-on time for the remaining 475 cycles shall be the longest interval of time to

zation measured during the first 25 cycles of operation.

d) Th
the Id
opers
from

e current-off time for the remaining 475 cycles shall be determined by selecting the cycle with
ngest interval of time for current-off time«stabilization measured during the firsf 25 cycles of
tion. The current-off time for the remaihing 475 cycles shall be the first of the three readings
his longest interval of time.

9.2.2 Temp

9.2.3 Temp
size of the te
are complet
measuremer

9.24 The
takes any eq
cooling may

eratures shall be measured no sooner than the last 5 min of the normal current-
st specimen set or the speed of the data acquisition system is such that not all m
bd within 5 min,the current-on time shall be extended as necessary to cq
ts.

urrent-offdimes may be reduced after the first 25 cycles of testing to the ma
uipmentwiring terminal to reach a stable temperature during the current-off perig
besemployed to reduce the current-off time with the concurrence of those co

current-off period shall be determined as follows:

eratures shall be measured and fecorded for at least 1 cycle of each working day.

bn time. If the
easurements
mplete such

imum time it
d. Forced-air

ll\cerned. This

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 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 any two of the readings.

c¢) The current-off time for the remaining 475 cycles shall be determined by selecting the cycle with
the longest interval of time for current-off time stabilization measured during the first 25 cycles of
operation. The current-off time for the remaining 475 cycles shall be the first of the three readings
from this longest interval of time.

9.2.5 For an equipment wiring terminal 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

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 486E 2024.pdf

42 UL 486E

JANUARY 31, 2024

the current in any parallel conductor. Current balance need not be attained if agreea
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 Clause 8 and 9.1.8,

ble to those

except that

equalizers shall not be used as it is necessary to insert the open end of the conductor through a bushing
for the 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 Secufeness test

9.3.2.1 An ¢quipment wiring terminal shall be fastened to a length of conductor not less th
in) longer than the height specified in Table 9.13, and shall be rigidly<secured in a ver]
simulating agtual service conditions. The free end of the conductor shall be passed through
the size spegified in Table 9.13. The bushing shall be attached to an@rm driven by a moto
approximately 9 rpm and in such a manner that the center of the bushing describes a circle i
plane. See Flgure 9.4. The circle shall have a diameter of 76 mim\(3 in), and its center shall
below the cepter of the conductor opening in the equipmentiwiring terminal. The distance
upper side of|the bushing and the mouth of the equipment ‘wiring terminal shall be within 12.}
of height sperified in Table 9.13. The bushing may eithef/be lubricated or have a hole of a s
diameter than specified in Table 9.13 so there is no hinding, twisting, or rotation of the condu
as specified ip Table 9.13 shall be suspended from the free end of the conductor.

an 76 mm (3
ical position
a bushing of
r at a rate of
a horizontal
be vertically
between the
[ mm (1/2 in)
lightly larger
ctor. A mass

Table 9.13
Secureness Test Values
Mass
Diameter-of bushing Aluminum/Copper-
Size of conductor hole? Height Copper clad pluminum
AWG or mm?)
kemil mm? mm (in) mm (in) kg (Ib) kg (Ib)
18 (0.82) 6.4 (1/4) 260° (10-1/4)° 0.45 (1) - -
1.0 6.4 (1/4) 260 (10-1/4) 0.45 (1) - -
16 (1.3) 6.4 (1/4) 260° (10-1/4)° 0.45 (1) - -
15 6.4 (1/4) 260 (10-1/4) 0.45 (1)
14 (2.1) 9.5 (3/8) 279° (1) 0.68 (1.5) - -
25 9.5 (3/8) 279 (1) 0.9 ) - -
12 (3.3) 9.5 (3/8) 279° 11y 0.9 ) 0.7 (1.5)
4 9.5 (3/8) 279° (1) 0.9 ) 0.7 (1.5)
10 (5.3) 9.5 (3/8) 279° (11)° 1.4 (3) 0.7 (1.5)
6 9.5 (3/8) 279° (11)° 15 (3.3) 0.9 )
8 (8.4) 9.5 (3/8) 279° (1) 2.0 (4.5) 1.4 (3)
10 9.5 (3/8) 279° (1) 2.3 (5.1) 2.2 (4.9)

Table 9.13 Continued on Next Page
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Table 9.13 Continued

Mass
Diameter of bushing Aluminum/Copper-
Size of conductor hole? Height Copper clad aluminum
AWG or (mm?)
kemil mm? mm (in) mm (in) kg (Ib) kg (Ib)
6 (13.3) 12.7 (1/2) 298° (11-3/4)° 2.9 (6.5) 4.0 9)
16 12.7 (1/2) 298° (11-3/4)° 34 (7.5) 42 (9.3)
4 (21.2) 12.7 (1/2) 298P (11-3/4)° 45 (10) 45 (10)
25 12.7 (1/2) 298 (11-3/4) 5.5 (12) 55 (12)
3 (26.7) 14.3 (9/16) 318 (12-1/2) 5.9 (13) 59 (13)
2 (33.6) 14.3 (9/16) 318 (12-1/2) 6.8 (15) 68 (15)
35 14.3 (9/16) 318 (12-1/2) 71 (16) 71 (16)
1 (42.4) 15.8 (5/8) 343 (13-1/2) 8.6 (19) 8.6 (19)
50 15.8 (5/8) 343 (13-1/2) 9.2 (20) 9.2 (20)
1/0 (53.5) 15.8 (5/8) 343 (13-1/2) 9.5 (21) 9.5 (21)
2/0 (67.4) 19.1 (3/4) 368 (14-1/2) 10.4 (23) 10.4 (23)
70 19.1 (3/4) 368 (14-1/2) 11 (24) 11 (24)
3/0 (85.0) 19.1 (3/4) 368 (14-1/2) 14.0 (31) 13.6 (30)
95 19.1 (3/4) 368 (14-1/2) 14 (31) 13.6 (30)
4/0 (107) 19.1 (3/4) 368 (14-1/2) 14.0 (31) 13.6 (30)
120 222 (7/8) 406 (16) 14.0 (31) 13.6 (30)
250 (127) 222 (7/8) 406 (16) 14.0 (31) 13.6 (30)
150 222 (7/8) 406 (16) 14.8 (33) 15.0 (33)
300 (156) 222 (7/8) 406 (16) 15.0 (33) 15.4 (34)
350 177) 254 (1) 432 (17) 16.8 (37) 17.2 (38)
185 254 (M 432 17) 16.8 (37) 17.2 (38)
400 (203) 254 (1) 432 17) 16.8 (37) 17.2 (38)
240 28.6 (1-1/8) 432 (17) 19.2 (42) 19.6 (43)
500 (253) 28.6 (1-1/8) 464 (18-1/4) 20.0 (44) 20.4 (45)
300 28.6 (1-1/8) 464 (18-1/4) 20.0 (44) 20.4 (45)
600 (304) 28.6 (1-1/8) 464 (18-1/4) 20.0 (44) 20.4 (45)
350 31.8 (1-1/4) 495 (19-1/2) 22.5 (50) 217 (48)
700 {354} 348 =4 495 {+9-+2) 227 56) 248 (48)
750 (380) 31.8 (1-1/4) 495 (19-1/2) 22.7 (50) 245 (54)
400 34.9 (1-3/8) 540 (21-1/4) 245 (54) 245 (54)
800 (406) 34.9 (1-3/8) 540 (21-1/4) 25.0 (55) 245 (54)
900 (456) 34.9 (1-3/8) 540 (21-1/4) 25.0 (55) 25.0 (55)
500 38.1 (1-1/2) 565 (22-1/4) 25.0 (55) 25.0 (55)
1000 (508) 38.1 (1-1/2) 565 (22-1/4) 25.0 (55) 25.0 (55)
630 445 (1-3/4) 660 (26) 33.6 (74) 336 (74)
1250 (635) 445 (1-3/4) 660 (26) 34.0 (75) 34.0 (75)
1500 (759) 50.8 (2) 71 (28) 41.0 (90) 41.0 (90)

Table 9.13 Continued on Next Page
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Table 9.13 Continued

Mass
Diameter of bushing . Aluminum/Copper-
Size of conductor hole? Height Copper clad aluminum
AWG or (mm?) ) )
kemil mm? mm (in) mm (in) kg (Ib) kg (Ib)
800 54.0 (2-1/8) 762 (30) 42.3 (93) 42.3 (93)
1750 (886) 54.0 (2-1/8) 762 (30) 45.0 (99) 45.0 (100)
1000 54.0 (2-1/8) 762 (30) 53.8 (119) 54.2 (119)
2000 (1010) 54.0 (2-1/8) 762 (30) 54.0 (119) 54.4 (120)
@ A slightly larger diameter bushing or lubrication may be used to ensure there is no binding, twisting, or rotation of the conductor.
See 9.3.2.1.
b For 12 — 4 AWG (3.3 — 21.2 mm?) aluminum conductor, used 318 mm (12-1/2 in).
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Figure 9.4
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9.3.2.2 If an equipment wiring terminal is intended to secure more than one conductor at a time by a
single clamping means, only one conductor in each combination shall be tested for secureness. If the
conductors in the combination are of different sizes, separate specimens shall be used for testing each
size of conductor.

9.3.2.3 For an equipment wiring terminal 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.

9.3.3.2 With reference to 9.3.3.1, an equipment wiring terminal designed for paralleling congluctors need
not be subjedted to this test.

9.3.4 Pullout test

9.3.4.1 The|same equipment wiring terminals and entry holes subjected to the secureness|test shall be
subjected to @ direct pull of the applicable value specified in Table 9.14. For an equipment w(ring terminal
intended to secure more than one conductor at a time by a single clamping means, only thosg conductors
that have begn subjected to the secureness test shall be subjected to the pullout test.

9.3.4.2 The| pull shall be exerted by means of a tension-testing machine, dead weights, or other
equivalent me¢ans so that there is no sudden application of force or jerking during the test.

Table 9.14
Pullout Test Values
Siz¢ of conductor Pullout force, N (Ib)
(mm?)
AWG or kenjil mm?3 Copper Aluminum/Copper-clagl aluminum
30 (0.05) 22 (1-1/2) - -
28 (0-08) 45 (1) - -
26 (0.13) 8.9 (2) - -
24 (0.20) 13.4 (3) - -
22 (0:32) 20 #5) = -
0.5 29 (6.5)

20 (0.52) 30 (6.75) - -
0.75 30 (6.75)

18 (0.82) 30 (6.75) - -
1.0 34 (7.64)

16 (1.3) 40 9) - -
1.5 425 (9.5)

14 (2.1) 50 (11.5) - -
25 53 (11.9)

Table 9.14 Continued on Next Page
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Table 9.14 Continued

Size of conductor Pullout force, N (Ib)
(mm?)
AWG or kcmil mm? Copper Aluminum/Copper-clad aluminum

12 (3.3) 60 (13.5) 44 (10)

4 67 (15.1) 44 (10)

10 (5.3) 80 (18.0) 44 (10)

6 82 (18.4) 44 (10)

8 (8.4) 90 (20.5) 44 (10)
10 Q1 (20.5) 70 (15.7)

6 (13.3) 94 (21) 124 (28)
16 107 (24.1) 136 (30.6)

4 (21.2) 133 (30) 160 (36)
25 149 (33.5) 179 (40.2)

3 (26.7) 156 (35) 187 (42)

2 (33.6) 186 (42) 222 (50)
35 194 (43.6) 230 (51.7)

1 (42.4) 236 (53) 271 (61)
50 270 (60.7) 305 (68.6)

1/0 (53.5) 285 (64) 320 (72)

2/0 (67.4) 285 (64) 347 (78)
70 295 (66.3) 360 (80.9)

3/0 (85.0) 351 (79) 432 97)
95 386 (86.8) 470 (106)

4/0 (107) 427 (96) 516 (116)
120 427 (96) 516 (116)

250 (127) 427 (96) 516 (116)
150 438 (98.5) 516 (116)

300 (156) 441 (99) 516 (116)
350 (L7) 503 (113) 574 (129)
185 503 (113) 574 (129)

400 (203) 503 (113) 574 (129)
240 559 (126) 656 (148)

500 (253) 578 (130) 685 (154)
300 578 (130) 685 (154)

600 (304) 578 (130) 685 (154)
350 638 (143) 785 (177)

700 (355) 645 (145) 796 (179)
750 (380) 690 (155) 796 (179)
400 690 (155) 796 (179)

800 (405) 690 (155) 796 (179)
900 (456) 702 (158) 805 (181)

Table 9.14 Continued on Next Page
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Table 9.14 Continued
Size of conductor Pullout force, N (Ib)
(mm?)
AWG or kcmil mm?2 Copper Aluminum/Copper-clad aluminum
500 768 (173) 874 (197)
1000 (507) 778 (175) 885 (199)
630 961 (216) 1111 (250)
1250 (633) 965 (217) 1116 (251)
1500 (760) 1174 (264) 1343 (302)
300 1233 I’)77) 1.404 (316)
1750 (877) 1347 (303) 1521 (342)
1000 1508 (316) 1686 (379)
2000 (1010) 1521 (342) 1699 (382)
9.4 Mechanical sequence
9.4.1 Secureness test
9.4.1.1 The|test procedure described in 9.3.2 shall be conductéed.
9.4.2 Pulloyt test
9.4.2.1 The|test procedure described in 9.3.4 shall be conducted.
9.5 Stress gcorrosion/moist ammonia (NH,)
9.5.1 Each test specimen shall be subjécted to the physical stresses normally imposed oh or within a
part as the rgsult of assembly. Such (stresses shall be applied to the specimens prior to an¢l maintained
during the tept. Specimens shall be,assembled to a 152 mm (6 in) length of the maximum rated size
conductor anfl torqued to the valtie.in 9.1.9.4 or 9.1.9.5.
9.5.2 The specimens shall be degreased and then continuously exposed in a set position [for 10 d to a
moist ammorjia-air mixtare maintained in a glass chamber approximately 305 x 305 x 305 mm (12 x 12 x
12 in) havinga glass(cover.
9.5.3 Approximately 600 ml of aqueous ammonia having a specific gravity of 0.94 shall be maintained at

the bottom o

mne glass cnamber Delow he speclmens. 1The Specimens Shall De pOosiionea s

8 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.

9.6 Stress corrosion/mercurous nitrate (HgNO;)

9.6.1

Specimens 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. Insulation that covers the copper alloy under test
shall not be included as part of the test specimens. Evidence of cracking shall be determined with normal
or corrected vision without magnification.
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10 Marking, Labeling, and Packaging

10.1

for marking locations.

Required marking locations shall be in accordance with 10.3 — 10.31. Refer to Annex D as a guide

10.2 The requirements in 10.3 — 10.31 are applicable to equipment wiring terminals which are not an
integral part of the equipment. For marking of equipment wiring terminals which are an integral part of the
equipment, refer to the appropriate equipment standard.

10.3 A equipment wiring terminal shall be legibly marked with:

a) T manufacturer’s name trademark or other dpqr‘riptivp marking hy which the organization

respdnsible for the product is identified;

b) A distinctive catalog number or the equivalent; and

¢) The conductor size or ranges of sizes.
10.4 In lied of the markings in 10.3 (b) or (c), or both, an equipment wiring terminal that i$ for use only
with conductprs smaller than 8 AWG (8.4 mm?)/ 10 mm? shall be marked'with a single ident{fying symbol.
This symbol|may be an individual catalog number, a type designation;-a size designation, such as 12, or
an equivalently significant symbol. Each unit container containing-equipment wiring terminals$ so identified
or an information sheet packed in the unit container shall be marked with the information specified in 10.3
(a), (b), and [c). A type designation is intended primarily to identify a particular design, which may include

various featd

10.5 With r

res covered by different catalog numbers.

eference to 10.3(c), the conductor-size_ marking on an equipment wiring termina

| intended for

assembly to|l a conductor(s) by means of a spegific tool may be a symbol or color, proyided that its
significance,|in terms of a conductor size or sizes, is clearly marked on the tool (die).
10.6 An equipment wiring terminal intepded for copper conductor only shall be legibly marked with "CU"
on:

a) The equipment wiring terminal;

b) Its [unit container; or

c¢) Anjinformation.sheet packed in the unit container.
10.7 An equipment wiring terminal rated for use with aluminum conductor only shall be lggibly marked
with the lettefs."AL". In lieu of the marking on the equipment wiring terminal, for equipment wifing terminals
used with 6 AWG (T3.3 mmZ) 7 T6 mm- or smaller conductors, the Tetters "AL" may be marked on the unit

container or on an information sheet packed in the unit container.

10.8 An equipment wiring terminal intended for use with aluminum and copper conductor shall be legibly
marked "AL-CU" or "CU-AL". An equipment wiring terminal intended for use with aluminum or copper-clad
aluminum and copper wire shall be plainly marked "AL-CU" or "CU-AL." An equipment wiring terminal
intended for use with copper-clad aluminum and copper wire shall be plainly marked "CC-CU" or "CU-CC."
In lieu of the marking on the equipment wiring terminal, for equipment wiring terminals used with 6 AWG
(13.3 mm?) / 16 mm? or smaller conductors, the letters "AL-CU" , "CU-AL", "CC-CU" or "CU-CC” may be
printed on the unit container or on an information sheet packed in the unit container.

10.9 If a equipment wiring terminal is intended for use with an aluminum conductor, copper-clad
aluminum conductor, or both, of one size or range of sizes and with a copper conductor of a different size
or range of sizes, the conductor-size marking shall clearly differentiate the size or range of sizes of the
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aluminum conductor, copper-clad aluminum conductor, or both; and also the size or range of sizes of the
copper conductor, for which the equipment wiring terminal is rated.

10.10

In regards to 10.9, a single wire range may be marked when:

a) The maximum wire size for both copper and aluminum is the same; and

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

Note: It is understood that the minimum available aluminum conductor size is 12 AWG (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 — 2.08 mm?) / 50 — 2.5 mm? is interpreted as

535 4

1/0 — 14 AWG (
conductors.

10.11  Unleqg
adapt it to va
instructions g

a) The

208 mm2> 50 - 25 mm?2 copperconductors-and-1/0—12 AWG (53,5 — 3.31 mm2> 50

s any rearrangement or adjustment of an equipment wiring terminal that is
rious sizes of conductor is obvious, it shall be clearly indicated by-'size mark
ppearing on:

equipment wiring terminal,

b) Its Winit container; or

c) An

10.12  An eq
for an equipr
9.1.5.5) shall

nformation sheet packed in the unit container.

uipment wiring terminal, a unit container, or aniinformation sheet packed in the
nent wiring terminal tested with conductorscother than Class B or Class C st
also be marked with the conductor class or'classes.

mm? aluminum

hecessary to
ngs or other

nit container
randing (see

10.13 An equipment wiring terminal tested withya solid or stranded conductor other than a$ specified in
8.1.6 shall be marked "Solid" or "Stranded” or With both markings as applicable. See 10.14.
10.14 The "Bolid" and "Stranded” markings in 10.13 may be:
a) Abbreviated "Sol" and "Str" respectively; or
b) Prgvided on the unit container or on an information sheet packed in the unit container, if there is
insufficient space_on-the equipment wiring terminal for either the complete or the| abbreviated
marking.
10.15 A prgcedure that must be followed for proper assembly of an equipment wiring ferminal to a
conductor shallbe provided as follows:

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

be by

b) MU
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1) On the unit container in which the equipment wiring terminal 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 and dies; or

4) On the equipment wiring terminal.
Location of the crimping points only, without additional instructions, may be marked on the
equipment wiring terminal if the additional required information is located as indicated in (1), (2), or

(3).

c) CONDUCTOR STRIP LENGTH - Strip length marking as specified in Table 9.5 shall appear:

1) On the equipment wiring terminal;

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 equipment wiring terminal requires the useof a specific tool for ifs application;
and

i) The strip length applies to all equipmént wiring terminals with which the tool is
used.

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

10.16 Copper-bodied equipment wiring_terminals intended for copper conductors only are rated 90 °C
and are not nequired to be marked with an equipment wiring terminal temperature rating.

10.17 An ajuminum-bodied equipment wiring terminal intended for copper conductors only (see 7.1.12)
shall be martked with an equipment wiring terminal temperature rating in accordance with 10.18 (e.g.,
CU75, CU7,1CU90, or CU9),

10.18 An dquipmentiwiring terminal rated for AL or AL-CU shall be marked with the equjpment wiring
terminal temperature rating, 75 °C or 90 °C, as tested in the current-cycling test. In lieu of tHe marking on
the equipmelnt wiring terminal, for equipment wiring terminals used with 6 AWG (13.3 mm?) or smaller
conductors, {he temperature rating shall be printed on the unit container or on an information sheet packed
in the unit cortamer:

10.19 With reference to 10.18, a 7 may be used to represent a 75 °C marking and a 9 may be used to
represent a 90 °C marking. For an equipment wiring terminal 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."

10.20 An equipment wiring terminal intended for intermixing between conductor types shall be
additionally marked “(intermixed — dry locations)” immediately following the marking in 10.18 or 10.19; for
example, AL7CU (intermixed — dry locations). See 6.1.6.

10.21 Installation instructions specifying the proper assembly procedures as mentioned in 9.1.8.5 and for
the securing hardware mentioned in 9.1.10.3 and 9.1.10.3(c) shall be provided on the unit container in
which the equipment wiring terminal is packaged or on an information sheet packed in the unit container.
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10.22 If the equipment wiring terminal 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 equipment wiring terminal;
b) The unit container; or

c) An information sheet packed in the unit container.

10.23 An equipment wiring terminal 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 an equipment wiring
terminal intended for conductor sizes 6 AWG (13.3 mm?) or smaller, the marking may be on the unit
container or gmaminformatiorrsheet pabkcu' T theomit comntaimer -

10.24 A unif container or an information sheet shall be marked with:
a) The manufacturer’s name; and

b) A distinctive catalog number of the equipment wiring terminal or the ‘equivalent if the marking is
provided as specified in 10.27.

10.25 An efiuipment wiring terminal additionally rated for use with metric conductors sHall have the
metric wire rgnge marked in close proximity to the rated AWG/kemil wire range either on the equipment
wiring terminal, unit container, or information sheet within the uniticontainer.

10.26 An epuipment wiring terminal rated for use with, metric conductors shall be marked in close
proximity to the metric wire range marking with the following, as applicable:

a) “Class 1” or “Rigid Solid”;

b) “Class 2” or “Rigid Stranded”;
c) “Class 1 and 2,” “Rigid Solid.and Stranded,” or the letter “r” for rigid solid and rigid stranded;
d) “Class 5%
e) “Class 67; or

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

A connector fated¥or rigid, solid, rigid stranded, and both Class 5 and 6 flexible conductors{need not be
marked. “Solid” and “Stranded” may be abbreviated as “Sol” and “Str” respectively.

10.27 The information in a marking shall not be divided between a unit container and an information
sheet. If any of the required markings are placed either on the unit container or on the information sheet
packed in the unit container, rather than on the equipment wiring terminal, then all applicable markings as
specified in the clauses in their entirety shall be so placed.

10.28 With reference to 10.27, a unit container of ten or fewer equipment wiring terminals may be
marked with a reference to an identifying number on an information sheet as described in 10.30.

10.29 The information sheet mentioned in 10.27 shall be marked with the manufacturer’s name, an
identifying number as mentioned in 10.28, the catalog number of the equipment wiring terminal to which it
pertains or equivalent, and all the necessary information required by 10.14(b), 10.15, 10.18, 10.22, and
10.23. The information sheet, one for each unit container, shall be packed in the packaging container.
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10.30 Equipment wiring terminals 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 equipment
wiring terminal, unit container, or an information sheet packed in the unit container.

10.31 A unit container shall be marked with the following, "These equipment wiring terminals may only
be used with specific equipment for which it has been found acceptable.”

10.32 As an alternative, any markings permitted to be printed on the unit container or on an information
sheet packed in the unit container may be provided online if marked with the webpage URL, a QR code, or
other markings providing the necessary information.
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ANNEX A (Informative) — INFORMATIVE REFERENCES

The following references contain information on conductors and materials in this Standard. At the time of
publication, the editions indicated were valid.

ASTM* Standards

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

Hard, or Soft

ASTM B154-95, Standard Test for Method for Mercurous Nitrate Test for Copper and Copper Alloys

ASTM B172
Stranded Me

ASTM B173-
Stranded Me

ASTM B174-
ASTM B230/
ASTM B231/

ASTM B400-
Conductors

ASTM B496-

ASTM B609
Intermediate

ASTM B638-

ASTM B800
Purposes — A

ASTM B801-
Aluminum Al

95, Standard Specification for Rope-Lay-Stranded Copper Conductors Ha
mbers, for Electrical Conductors

05, Standard Specification for Rope-Lay-Stranded Copper Conductérs Having
mbers, for Electrical Conductors

D5, Standard Specification for Bunch-Stranded Copper Conductors for Electrical
B230M-99, Standard Specification for Aluminum 1350-H19-Wire for Electrical Pu
B231M-99, Standard Specification for Concentric-Lay-Stranded Aluminum 1350

94, Standard Specification for Compact Round Concentric-Lay-Stranded Alu

D9, Standard Specification for Compaet Round Concentric-Lay-Stranded Copper

B609M-99, Standard Specification for Aluminum 1350 Round Wire, Ar
Tempers, for Electrical Purposes

D9, Standard Test Method for Tensile Properties of Plastics

05 (2015), Standard Specification for 8000 Series Aluminum Alloy Wire
nnealed and Intermediate tempers

D7 (2012)\Standard Specification for Concentric-Lay-Stranded Conductors of
by for.Subsequent Covering or Insulation

ving Bunch-

Concentric-

Conductors
yposes
Conductors

minum 1350

Conductors

nealed and

for Electrical

8000 Series

ASTM B836-

0M2011), Standard Specification for Compact Round Stranded Aluminum Con

uctors Using

Single Input Wire Construction

ASTM B901-04 (2011), Standard Specification for Compressed Round Stranded Aluminum Conductors

Using Single

Input Wire Construction

IECt Standards

IEC 60228 (1

978-01), Conductors of Insulated Cables

IEC 60228A (1993-01), Conductors of Insulated Cables Amendment No. 1.

*American Society for Testing and Materials.

TInternational Electrotechnical Commission.
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