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PREFACE

This is the harmonized ANCE, CSA Group, and UL standard for Wire and Cable Test Methods. It is the
Fifth edition of NMX-J-556-ANCE, the Fifth edition of CSA C22.2 No. 2556, and the Fifth edition of UL
2556. This edition of NMX-J-556-ANCE supersedes the previous edition published on December 15,
2015. This edition of CSA C22.2 No. 2556 supersedes the previous edition published on December 15,
2015. This edition of UL 2556 supersedes the previous edition published on December 15, 2015.

This harmonized standard was prepared by the Association of Standardization and Certification (ANCE),
CSA Group, and Underwriters Laboratories Inc. (UL). The efforts and support of the Technical
Harmonization Committee for Wire and Cable Test Methods, of the Council on the Harmonization of
Electrotechn {CANENAY tedged.

tafll ]
oNCINY - aregratCrany aCRiTovwT

[ aX} <l <l £ Nl.ot: £ Ll A H
VAl UJAdTNTUdTUO UT UTC TNAUVUTTO UT TS AT ivao

This standar
standard.

The present
20 Conduct|
Certificacion
conductors.

This standar
jurisdiction ¢
Committee o
Committee.

Application

Where refergnce is made to a specific number of samples to be tested, the specified nu

considered 4

Note: Although
responsibility of

Level of har

This standar:

This standar:

d is considered suitable for use for conformity assessment within the-stated

Mexican standard was developed by the WG Metodos de Prueba para Conduct
bres belonging the Comite de Normalizacion de la Asociacion de Nor
A. C., CONANCE, with the collaboration of the manufacturers and use

j was reviewed by the CSA Subcommittee on Test Méthods for Wires and Cab
f the CSA Technical Committee on Wiring Rroducts and the CSA Strat
n Requirements for Electrical Safety, and has‘been formally approved by the C

of Standard

minimum quantity.

the intended primary application of this standard is stated in its scope, it is important to note th|
the users of the standard to\judge its suitability for their particular purpose.

Mmonization
| uses the IEC format but is not based on, nor is it considered equivalent to, an |

i is\published as an equivalent standard for ANCE, CSA Group, and UL.

scope of the

bres, from CT
malizacion y
rs of electric

es, under the
pgic Steering
SA Technical

mber is to be

At it remains the

FC standard.

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

Reasons for differences from IEC

This standard provides requirements for insulated wires and cables for use in accordance with the
electrical installation codes of Canada, Mexico, and the United States. At present there is no IEC standard
for wires and cables for use in accordance with these codes. Therefore, this standard does not employ any
IEC standard for base requirements.
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Interpretations

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

1 Scope

1.1

tests and calculations required by wire and cable standards.

1.2 Specific acceptance requirements are found in individual product standards.

This standard describes the apparatus, test methods, and formulas to be used in carrying out the

1.3 Where a test method indicates a “specified” test parameter or condition, the parameter or condition is

found in the i
2 General
2.1

The unit of
parentheses
conductor siz

2.2 Norma

hdividual product standard.

Units of measure

measure shall be Sl. If a value for measurement is followed by a value in

e, the first stated value is the requirement.

ive references

Where refer¢gnce is made to any Standards, such reference shall be considered to refer

editions and
ANCE (Assg

In Mexico, N
2556. Separ:
J provides a

NMX-J-040-4
Wires and C
Method

NMX-J-066-4
Wires and

Fevisions thereto available at the time of printing, unless otherwise specified.
ciation of Standardization and Certification)

MX-J-556-ANCE is organized:with the same clause numbering as UL 2556/C
hte ANCE standards arepublished for test methods not covered in NMX-J-556-
ist of the harmonized NMX test method standards that apply to each test metho

ANCE

ANCE
bles/— Determination of Diameter and Crosssectional Area of Electrical Cong

Methd

bther units in

the second value represents a direct conversion or~an alternative valu¢. Except for

to the latest

SA C22.2 No.
ANCE. Annex
.

hbles — Determination of the Moisture Absortion in Insulations of Electrical Condluctors — Test

uctors — Test

NMX-J-093-ANCE
Wires and cables — Determination of the resistance to fire propagation on electrical conductors — Test

method

NMX-J-177-ANCE
Wires and Cables — Determination of Thicknesses of Semiconducting Shields, Insulations, Protective
Jackets or Others Elements in an Electrical Conductor — Test Method

NMX-J-178-ANCE
Wires and Cables — Ultimate Strength and Elongation of Insulation, Semiconducting Shields and Jackets
of Electrical Conductors — Test Method
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NMX-J-186-ANCE
Wires and Cables — Accelerated Ageing in Forced Convection Oven of Semiconducting Shields,
Insulations and Jackets of Electrical Conductors — Test Method

NMX-J-189-ANCE
Electrical Products — Wires and Cables — Room-Temperature Flexibility Test for PVC Insulated Electrical
Conductors — Test Method

NMX-J-192-ANCE
Flame Test on Electrical Wires — Test Method

Wires and Cgbles — Oil Immersion, Gasoline or Other Fluid Aging for Insulations and Jackets of Electrical

Wires and Cgbles — Tenile Strength and Elongation at Break of Electrical\Conductors — Test Method

Wires and Cables — Convection Laboratory Ovens for Evaluation of Electrical Insulation — §pecifications
and Test Met

NMX-J-437-ANCE
Wires and Cgbles — Determination of Light Absorption Coefficient of Polyethylene Pigmented with Carbon
Black — Test Methods

NMX-J-472-ANCE
Wires and Cables — Determination of-the Amount of Halogen Acid Gas and the Acidity of Acid Gases
Released durjng the Combustion of Materials — Test Methods

NMX-J-474-ANCE
Electrical Products — Wires and Cables — Determination of Specific Optical Density of Smoke Generated
by Electrical Wires and Cables — Test Methods

NMX-J-498-ANCE
Vertical Tray + Flame Test — Test Method

NMX-J-553-ANCE
Wires and Cables — Weather Resistance of Insulation or Jacket of Electrical Conductors — Test Method

CSA Group

C221
Canadian Electrical Code, Part |

CAN/CSA-C22.2 No. 0
General Requirements — Canadian Electrical Code, Part I

CSA-C22.2 No. 126.1
Metal cable tray systems
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ASTM International

ASTM A29/A29M
Standard Specification for Steel Bars, Carbon and Alloy, Hot-Wrought, General Requirements for

ASTM D412
Standard Test Methods for Vulcanized Rubber and Thermoplastic Rubbers and Thermoplastic Elastomers
— Tension

ASTM D470
Standard Test Methods for Crosslinked Insulations and Jackets for Wire and Cable

ASTM D471
Standard Tegt Method for Rubber Property-Effect of Liquids

ASTM D1603
Standard Tes$t Method for Carbon Content in Olefin Plastics

ASTM D183%
Standard Spgcification for Liquefied Petroleum (LP) Gases

ASTM D421
Standard Teft Method for Determination of Carbon Black Content in Polyethylene Comppunds by the
Muffle-Furnace Technique

ASTM D502
Standard Spécification for Laboratory Burner Used’for Small-Scale Burning Tests on Plastic Materials

ASTM D520
Standard Practice for Confirmation of 20-mim (50-W) and 125-mm (500-W) Test Flames foy Small-Scale
Burning Tests on Plastic Materials

ASTM D5374
Standard Te§t Methods for Ferced-Convection Laboratory Ovens for Evaluation of Electrical Insulation

ASTM D5423
Standard Spgcification)for Forced-Convection Laboratory Ovens for Evaluation of Electrical Ihsulation

ASTM D637

Standard Te - i f f
ASTM E8/E8M

Standard Test Methods for Tension Testing of Metallic Materials

ASTM E662
Standard Test Method for Specific Optical Density of Smoke Generated by Solid Materials

ASTM E1131
Standard Test Method for Compositional Analysis by Thermogravimetry

ASTM G151
Standard Practice for Exposing Nonmetallic Materials in Accelerated Test Devices that Use Laboratory
Light Sources
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ASTM G155

Standard Practice for Operating Xenon Arc Light Apparatus for Exposure of Non-Metallic Materials

GPA (Gas Processors Association)

GPA 2140

Liquefied Petroleum Gas Specifications and Test Methods

IEC (International Electrotechnical Commission)

IEC 60695-11

and confirma

ISO (Internatiional Organization for Standardization)

ISO 10093

Plastics — Firg tests — Standard ignition sources

NEMA (Natignal Electrical Manufacturers Association)

NEMA VE 1
Metal Cable 1}

2.3 Safety
2.3.1 Gene
It is not the i

responsibility
and be aware

2.3.2 Chemiical hazards

Some tests u
be hazardous
protection of
handling, wo
these chemigq

ray Systems

htent of this standard to address all of the safety issues associated with its

5e materials.that local, state/provincial, and national regulatory agencies have g

bersonnel. Information and instructions contained in material safety data sheet

-3
Fire hazard tg —>Fa -
ional test methods

al

of the user of this standard.fo train personnel, establish proper health and safet
of, and comply with, local, state/provincial, and national regulatory restrictions t

. These tésts shall be performed under controlled conditions that allow for prop

king, ‘and disposal of hazardous chemicals shall be followed. Furthermore, g
als)to the environment, that is, the air, water, or ground, shall comply wi

s|— Apparatus

use. It is the
y procedures
nat apply.

etermined to
br safety and
5 (MSDS) for
ischarges of
th the latest

applicable regulations.

2.3.3 Electrical hazards

Certain test procedures require high voltage. It is important that the equipment be designed to comply with
good engineering practices, with safety being an integral part of the design. To avoid electric shocks in
such cases, necessary precautions shall be taken and test equipment manufacturers' recommendations
shall be followed.

2.3.4 Mechanical hazards

Some tests utilizing mechanical equipment can expose the operator to mechanical hazards. Care shall be
exercised to protect eyes, fingers, hands, and other body parts from injury.


https://ulnorm.com/api/?name=UL 2556 2021.pdf

NMX-J-556-ANCE-2021 ¢ CSA C22.2 No. 2556:21 ¢+ UL

JUNE 3, 2021 2556 13

2.3.5 Thermal hazards

In tests requiring elevated temperatures, precautions shall be taken to avoid skin burns when handling
materials exposed to heat.

2.3.6 Fire and explosion hazards

Some tests use materials that local, state/provincial, and national regulatory agencies have determined to
be hazardous. These tests shall be performed under controlled conditions that allow for proper safety and
protection of personnel. Information and instructions contained in material safety data sheets (MSDS) for
handling shall be followed. Some gases can settle and become an explosion hazard. Consult the gas

supplier for s

ecialnrecautions-to ba taken
P -

2.4 Definitions

The following definitions apply in this standard. Terms used throughout this standard whi¢h have been
defined in this clause are in capital-type reduced font:

DIRECTION|OF LAY: The direction, designated as left-hand (counterclockwise) or right-hanf (clockwise),
in which any|component recedes from an observer looking along the longitudinal axis of thg conductor or
assembly.

FLAME: To yndergo combustion in the gaseous phase with emission of light.

GLOWING GOMBUSTION: Combustion of a material.imthe solid phase without flame but with emission of
light from thg combustion zone.

LENGTH OH LAY: The length along the longitudinal axis of the conductor or assembly for any component

to complete ¢

MICROMETI
small toleran|

NORMAL VI

ne revolution.

ER: As used in this document, "micrometer" means a device for measuring d
ces. This device may utilize mechanical, optical, video, or other technology.

BION: Vision wjthout any aid other than the examiner’s normal corrective lenses

imensions to

if any.

ROOM TEMPERATURE-:25 +10 °C (77 18 °F).

2.5 Testtemperature

Tests shall be conducted at ROOM TEMPERATURE unless otherwise specified.
2.6 Reports

In addition to the specific reporting requirements for each test, the following shall be included as a
minimum in all reports:

a) name of test facility;
b) date of report;
¢) product description;

d) name of test conducted; and
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e) test

result.

3 Conductor Tests

3.1

Conductor diameter

3.1.1 Scope

This test establishes the method for determining conductor diameter.

3.1.2 Apparatus

The apparatu

a)anm
and a(

b) a caliper with a resolution and accuracy of 0.001 mm (0.0001 in); Or

c)ala

3.1.3 Preparation of specimens

The specime
shall be remg
being taken n

3.1.4 Procedure

Three measy
stranded con
shall be taker

3.1.5 Results and calculations

3.1.5.1 The

5 shall consist of the following:

icrometer having flat surfaces on both the anvil and the end of the spindle, with
curacy of 0.001 mm (0.0001 in);

ser micrometer with a resolution and accuracy of 0.001 mm)(0.0001 in).

n shall be taken from a sample of wire, cablej\or cord, finished or during man
ved from its surrounding insulation or coverings (when present) and straighten
pt to stretch it.

rements of the maximum.and minimum diameters shall be made. All measu
juctor shall be made over the strands and not at the interstices. The diameter m
near each end and in the center of the specimen.

diameter shall be the average of the six measurements.

3.1.5.2 Wh
diameter of t

n a member diameter cannot be directly measured in a Rope-lay conductor
e Rope-lay conductor shall be measured and member outside diameter shall

a resolution

ifacture, and
ed, with care

rements of a
easurements

the outside
be calculated

using the followimng formuta:

where:

D2

Dlzﬁ -
n

D1 = The calculated outside diameter of the member (mm)

D = The outside diameter of a Rope-lay conductor (mm)

N = The number of members
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3.2 Cross-sectional area by mass (weight) method
3.2.1 Scope

This test establishes the method for determining the cross-sectional area of a conductor by the mass
(weight) method.

3.2.2 Apparatus

The apparatus shall consist of the following:

a)a TWW
b) a Igngth-measuring device accurate to 0.1 percent of length measured.

3.2.3 Preparation of specimens

The specimgn shall be taken from a sample of wire, cable or cord, finished-or during manufacture, and
shall be rempved from its surrounding insulation or coverings (when present) and straightened, with care
being taken not to stretch it.

3.2.4 Proceédure

3.2.4.1 Thqg test specimen shall consist of a straight length of a conductor cut from a sampje of the wire,
cable, or cord, finished or during manufacture. The lengthi-of specimen shall be a minimum of 1 m (3 ft) for
up to 8.37 mm? (8 AWG) and 0.5 m for larger than 8.37 mm? (8 AWG).

3.2.4.2 Thqg specimen shall be at RoOOM TEMPERATURE and shall have both of its ends perpendicular to the
longitudinal @xis of the conductor. The specimen shall be weighed and the density of condpctor material
shall be used to calculate the cross-sectional area.



https://ulnorm.com/api/?name=UL 2556 2021.pdf

16

NMX-J-556-ANCE-2021 ¢ CSA C22.2 No. 2556:21 ¢+ UL
2556

JUNE 3, 2021

3.2.5 Results and calculations

3.2.5.1

where:

Aren (1000/L)(100M) ”
rea = 2100+ £) mm~(cmil)

M = mass, g (Ib)

k = ing

gtry, mm (1)
hsity, g/cm? (Ib/(cmil- 1000 ft))

= for copper, bare or tin, lead, lead-alloy or nickel-coated, ¢8:89 g/cm
Ib/(cmil-1000 ft))

= for copper, silver-coated, 8.95 g/cm?® (0.003049 Ib/(cmil- 1000-ft))

= for copper-clad aluminum, annealed, 3.32 g/cm® (0.001430 Ib/(cmil- 1000 ft))
= for aluminum, Alloy 1350, 2.70 g/cm?® (0.000919/1b/cmil-1000 ft))

= for aluminum, ACM, 2.71 g/cm?® (0.000924 ib/{cmil-1000 ft))

= for nickel, 8.80 g/cm? (0.002996 Ib/(cmif-1000 ft))

= for iron, 7.87 g/cm? (0.002680 Ib/(&mil-1000 ft))

rement (increase) of weight in percent due to stranding

= 0 for solid

= 2 for concentric and bunch-stranded

= 3 to 6 for rope=lay-stranded conductors having concentric stranded member|
and H) as follows:

49.wires or less, k=3

133 wires, k=4

3 (0.003027

5 (Classes G

259 wires, k =4.5
427 wires, k=5

over 427 wires, k=6

= 4 to 7 for rope-lay-stranded conductors having bunch-stranded members (Classes |, K,

and M) as follows:
7 by bunch-stranded members, k =4
19 by bunch-stranded members, k =5
7 x 7 by bunch-stranded members, k = 6

19 x 7 by bunch-stranded members, k =7
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37 x 7 by bunch-stranded members, k=7

61 x 7 by bunch-stranded members, k=7

3.2.5.2 In case of a question regarding area compliance, the actual weight increment due to stranding
shall be calculated using the following formula:

k=100(m— 1)

The value of m shall be calculated as follows:

a) For

concantric-unit orconductor
—OoT—-Cora

wherg¢:

b) Fo

SoOTrTCTTrtTCoTT TOorotoT

l+nm+nm,+...+nm,
¢ l+n+n,+...+n,

m

m, = ratio increase due to concentric stranding

n, = number of wires in layer x

where:
m, = ratio increase due\o stranding
D = diameter overthe layer
d = diameter of individual wire or component
L = lay length of layer
NOTE: Dimensions may be in mm or inches, provided that they are consistent throughou

bunehed unit or conductor

I the calculation.

2

where

B '1 [T0=D)
T

my, = ratio increase due to bunching
D = diameter over bunched unit
d = diameter of individual wire

L = lay length of bunch

NOTE: Dimensions may be in mm or inches, provided that they are consistent throughout the calculation.
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c) For rope-stranded conductors with one roping operation, calculate mg, based on my and m,

above

where

, treating the individual units as if they were solid conductors:

Mmp=m,m,Or m=m,m,

m, = ratio increase due to unitizing (single roping), where m,, is calculated for the single

roped assembly in the same way as m; or my, treating each concentric
component as solid

or bunched

d) For multiple rope-stranded conductors with two roping operations, calculate m,,, based on m,

and m

where

e) For|
CONSis
wire H
diame
wires

of the

where

Asini

. above, Treatling the individual ropes as IT they were solid conductors:

m,,=m.m,m.or m=m,.m,m,

m, = ratio increase due to multiple roping (second roping operation), and is ¢
the multiple rope assembly in the same way as m, x mg Orm, X my, treating
rope component as solid

a 19-wire combination round-wire unilay-stranded conductor (this variety of unil
ts of a straight central wire of diameter D, an inner layer of six wires of diamete
aving a LENGTH OF LAY designated as LOL,<and an outer layer consisting of
ter D alternated with six smaller wires having a diameter of 0.732 x D and W
bf the outer layer having the same LENGTH'OF LAY LOL and DIRECTION OF LAY as
nner layer), application of the first formula in Item (a) gives

M, B b+ 6my + 6my+ (6 % 0.732%) X my
combo unilay, (_ 1+6+6+(6Xx 07322)

ms, = the ratio increase (layer lay factor) for the inner layer
ms = the ratio increase for the wires of diameter D in the outer layer

m, = the’ratio increase for the wires of 0.732 x D in the outer layer

alculated for
each single

ay conductor
" D with each
six wires of
ith all twelve
the six wires

em)(a)

where

m=~1+x/n?

n = the lay ratio:
= for the central wire of diameter D, n; = infinity
= for the 6 wires of diameter D in the inner layer

LOL
CaT )
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= for the 6 wires of diameter D in the outer layer

_LoL
37 3 464D

= for the 6 wires of diameter 0.732 x D in the outer layer

. LoL
47 37320

When n, and n3 and n, each equal or exceed 10, an estimate of

Then

and

and

m=~1+r>/n

49348

m=1+7r2/{2n2]=1+ 3
n

2
m,=1+19.7392.x 3
(LOL)

2
my =1+ 59.2141 x 5
(LOL)

2
my=1+68.7310 x 3
(LOL)

2

D
= 1 +42.8422 x .
(LOL)

M

combo unilay

2

k = 4284 x .
(LOL)

3.3 Cross-sectional area by diameter method

3.3.1 Scope

This test establishes the method for determining the cross-sectional area of any solid or stranded

conductor consisting of round conductor or strand only, using diameter measurement(s).
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3.3.2 Apparatus

The apparatu

s shall be as described in 3.1.2.

3.3.3 Preparation of specimens

The preparati

on of the specimen shall be as described in 3.1.3.

3.3.4 Procedure

The maximum and minimum diameters shall be determined at each end and in the center of the conductor

or strand bei

3.3.5 Resul

The area of th

g measured. I'ne diameter shall De the average or SIX measurements.

ts and calculations

e solid wire shall be calculated as follows:

A=rnd*/4

where:

A = crpss-sectional area, mm?

d = digmeter, mm
or

chita = d* % 10°

where:

cma =|circular mil area

d = digmeter, in

The cross-sectional aréa of the conductor shall be calculated as the sum of the area (s

conductor or

3.3.6 Repo

strand.

T~

The report sh

3.4 DCresi

all include, as a minimum, the cross-sectional area of the conductor.

stance

3.4.1 Scope

This test esta

blishes the method for determining the DC resistance of a conductor.

3.4.2 Apparatus

The apparatu

s shall consist of the following:

of the solid
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a) a 4-terminal measuring device for specimens of resistance of 1 Q or less, with an accuracy of
+0.5 percent;

b) a 4- or 2-terminal measuring device for specimens of resistance greater than 1 Q, with an
accuracy of £0.5 percent;

c) a temperature-measuring device with an accuracy of +1 °C; and

d) a length-measuring device accurate to 0.1 percent of length measured.

3.4.3 Preparation of specimens

3.4.31 Th
and shall ha

a)ar

b) no
oxide

c) no

Specimen shall be a fength taken from a wire, cable, or cord, 1misned or durimng
e the following characteristics:

bsistance of at least 0.000 01 Q (10 uQ) in the test length between voltage.conta

surface cracks or defects visible with NORMAL VISION, and substantially free
dirt, and grease; and

oints or splices.

d) a tg¢st length of at least 1 m (3.3 ft).

3.4.3.2 Thd
the surround

test equipment and the test specimen shall be-allowed to come to the same tg
ng medium.

3.4.4 Procedure

3441 Th
described in
contact and {

Care shall bg
change inre

3.4.4.2 Thd
resistance m

3.44.3 The

b

P

electrical resistance of the conductor shall be determined using the mea
3.4.2. When a 4-terminal measuring device is used, the distance between
he corresponding current contact shall be at least 4.7 times the diameter of the s

taken to keep the magnitude of the current low and to minimize measurement t
istance.

test temperature, which shall be in the range of 10 — 35 °C, shall be recorded 3
pasurement.s taken.

length of the specimen under test, between the voltage contact points, shall be

manufacture,

cts;

from surface

mperature as

suring device
each voltage
pecimen.

me to avoid a

t the time the

recorded.

3.45 Resu

3.45.1

Its and calculations

The resistance of a specimen measured at a temperature other than 20 °C (or 25 °C), as

determined by the product standard, shall be corrected to the resistance at 20 °C (or 25 °C) by means of
the applicable multiplying factor from Table 1.

3.4.5.2 Resistance per unit length (R) of the conductor shall be calculated from the following formula:

where:

r

R

R = resistance per unit length of the conductor at 20 °C (or 25 °C), Q/km
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r = measured resistance of specimen corrected to 20 °C (or 25 °C), mQ
L =length of specimen between voltage contact points, m

3.4.6 Report

The report shall include, as a minimum, DC resistance.

3.5 Physical properties of conductors (tensile strength, elongation at break, and ultimate
strength)

3.5.1 Maxi i i k
3.5.1.1 Scope

This test est@blishes the method for determining the maximum tensile strengthhand the ¢longation at
break, of a s¢lid conductor, a single strand removed from a stranded conductor,-or a strandgd conductor

as a unit.

NOTE: The test ¢n a stranded conductor as a unit applies only to 8000 Series aluminum alloy conductors.
3.5.1.2 Apparatus
The apparatup shall consist of the following:

a) a ppwer-driven machine provided with a device that indicates the actual maximum |oad at which
a spegimen breaks. The machine shall be.capable of operating at power-actuated jaw [speeds of 12
to 305 mm/min (0.5 to 12 in/min) and having a precision of 20 percent of the set speed| The applied
tensioh as indicated shall be accurate«e’2 percent or less of the value read; and

NOTE 1: A method for calibrating the machine is specified in ASTM D412.

NOTE 3: Jaws as described in ASTM E8 have been found to be acceptable.

b) a length-measuring device with an accuracy of 1 percent of the length measured.

3.5.1.3 Preparation of specimens

The test shalllbe made on a single wire that has been carefully removed from the cable or cord, finished or
during manufacture, while not altering the properties of the test specimen. The specimen shall be carefully
straightened and-eutto-alength-sufficiont-to-allow-a-space-of-approximately-0-3-m-(12in)-between the jaws
of the tensile testing machine when the specimen is in the initial test position. The straight specimen shall
be gauge marked at two points 250 £2 mm (10 £0.08 in) apart.

3.5.1.4 Procedure

The specimen shall be gripped in the jaws of the machine with the gauge marks between the jaws, and the
jaws shall be caused to separate at the rate indicated in Table 2 until the specimen breaks. In order to be
accepted as valid, the break shall take place between the gauge marks and shall be no closer than 25 mm
(1 in) to either gauge mark. The maximum load before break shall be recorded. The distance between the
gauge marks at the time of break shall be recorded to the nearest 2 mm (0.08 in).
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3.5.1.5 Results and calculations

The tensile s

trength shall be calculated from the following formula using the original specimen diameter d,

measured as described in 3.1:

where:

4w
—— MPa (Ibf | in*)
wd

W = maximum load before break, N (Ib)

d=di

The percent

where:

L=di

or

where:

L=di

Bmeter, mm (in)
blongation shall be calculated from the following formula:

L—250

750 x 100

stance between gauge marks at the time of break;ymm

0 x 100

stance between gauge marks at the time of break, in

3.5.1.6 Report

The report sh

all include; as a minimum, the following:

a) meimum tensile strength; and

b) elo

3.5.2 Ultim

ngation at break.

ate strength

3.5.2.1 Scope

This test determines the load at which any component of an aluminum conductor steel reinforced (ACSR)

conductor breaks.

3.5.2.2 Apparatus

The apparatus shall consist of the following:
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a) a power-driven machine provided with a device that indicates the actual maximum load at which
a specimen breaks. The machine shall be capable of operating at power-actuated jaw speeds of 12
to 305 mm/min (0.5 to 12 in/min) and having a precision of 20 percent of the set speed. The applied
tension as indicated shall be accurate to 2 percent or less of the value read; and

b) compression type or other suitable connectors.
3.5.2.3 Preparation of specimens
3.5.2.3.1 The test shall be made on a finished ACSR conductor, with the insulation, if any, removed.

3.5.2.3.2 The connectors shall be applied to a length of finished conductor so that there is a distance of
1.2 m (48 in)|between the connectors. If a failure occurs, as indicated in the product standgrd, a referee
test shall be gonducted using a minimum distance of 15 m (50 ft) between the connectors,

3.5.2.4 Preparation of specimens

The connectqrs shall be gripped in the jaws of the machine and the specimen shall be pulled at a rate of
12 £2 mm/min (0.5 £0.1 in/min) until breakage of any wire occurs.

3.5.2.5 Resplts and calculations

The maximum load shall be recorded.

3.5.2.6 Report

The report shgll include, as a minimum, maximum_lead.

3.5.3 Bending fatigue

3.5.3.1 Scope

This test determines the resistance'to bending fatigue of a solid conductor.
3.5.3.2 Apparatus

The apparatup shalkconsist of the following:

a) a clamping device;

b) a metal plate for bending the specimen; and

c) two metal mandrels each having a diameter equal to that of the specimen +0, —=10 percent, fixed
to the clamping device, as shown in Figure 1.

3.5.3.3 Preparation of specimen

All coverings shall be removed from the specimen. The specimen shall be straightened and then secured
firmly in the clamping device with a minimum of 150 mm (6 in) protruding above the mandrels.
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3.5.3.4 Procedure

3.5.3.4.1 Using the metal plate, the specimen shall be bent over one mandrel to an angle of 90°,
straightened and then bent in the reverse direction over the other mandrel to an angle of 90°, and again
straightened. This shall be considered one cycle.

3.5.3.4.2 The procedure in 3.5.3.4.1 shall be repeated until the specimen breaks.

NOTE: The metal plate is used to ensure that the specimen conforms closely to the surface of the mandrel.

3.5.3.5 Results and calculations

The number pf completed cycles, including partial cycles, shall be recorded.
3.5.3.6 Report

The report shall include, as a minimum, the number of completed cycles, including partial cydles.
3.6 High-current heat cycling for aluminum conductors
3.6.1 Scope
This test establishes the method for determining the connectivity of solid aluminum conductofs.
3.6.2 Apparatus

The apparatdis shall be in accordance with Figure2 and Figure 3, and shall consist of 15 test jigs (duplex
receptacle tgrminals) having the following characteristics:

a) One terminal baseplate, as<shéown in Figure 4, shall be made out of 0.76 +0.03 mm (0.030
10.00[1 in) 70/30 ASTM sheet brass, Rockwell B 82-86 hardness.

b) Scfews shall be made of AISI* 1010 carbon steel and located at 21.4 mm (0.84 in) centers. See
Figurg 5 for screw description.

*Amerifan Iron and Steel Institute.

NOTE:|Carbon.steel in compliance with ASTM 29 is recommended.

c) The.othér terminal baseplate (neutral side) shall be the same as described in It¢m (a) but, in

HY [ T H H o [P £l o FaWaVaVal (O NANNA S\ Ll )
addlllJll, Sldll Tiave TTTTeTsSIurT U piatnty UTicss UidlT U.UUO TTTTT (V.UUU T TTT) UTTMURTTCSS.

d) The two binding head screws, size No. 8-32, used on the white terminal baseplate shall be zinc-
plated a minimum of 0.003 mm (0.0001 in) thick and have a chromate conversion coating.

e) The other two binding head screws, size No. 8-32, in the yellow side (line) of the jig shall be zinc-
plated a minimum of 0.003 mm (0.0001 in) thick and brass-finished.

f) Screws shall be free-running when finger torque is applied until the screwhead engages with the
wire.

3.6.3 Preparation of specimens

Thirty-one specimens of insulated solid 3.31 mm? (12 AWG) aluminum wire of length 610 to 685 mm (24 to
27 in) shall be prepared for the test.
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3.6.4 Procedure

3.6.4.1 The test conductor shall be connected to form a loop under the screwhead. The end of the test
conductor to be connected to the device binding screws shall be formed in a plane to have a bend as
shown in Figure 3, with the inside diameter of the bend equal to approximately 0.5 mm (0.02 in) more than
the nominal diameter of the device terminal screw. The end of the conductor shall not project from under
the head of the screw more than 1/2 the diameter of the test conductor.

3.6.4.2 Terminal screws shall be tightened to a torque of 0.68 N-m (6.0 Ibf-in) and held for 30 seconds.
Jigs shall be connected together at terminal screws A and B by means of a 610 to 685 mm (24 to 27 in)
piece of aluminum conductor. Terminal screws C and D of each jig shall be connected by a 610 to 685 mm

(24 to 27 in

piece of the conductor. One thermocouple (Type J, 30 AWG iron constan

an) shall be

cemented or
terminal base
current suppl
0.5 hours OF

3.6.4.3 Tem
and 3.6.4.5.

3.6.4.4 Tem
at every 25 ¢
cycles for a t
yield 11 meagq

NOTE: The cycld

3.6.4.5 Con

a) At @
tempe

soldered in accordance with Figure 4, attached at the midpoint (on the breakeff
plate between the screws. These jigs shall then be connected to a 40 A, 60
y and subjected to 50 cycles of operation, with each cycle consisting 6f 3°5 h
-. Care shall be taken not to disturb the connecting wires after applyinghe torqu

perature measurements shall be taken in accordance with the méthod describ

perature measurements at each connection shall be made, starting with the 25
ycles thereafter for a total of 5 measurements. Measurements shall then be ta
btal of 3 measurements, and then every 80 cycles-for a total of 3 measurems
urements in total for each connection.

of measurement may vary from that specified to the extent of allowing it to occur during regular worl

nection stability shall be determined by the following criteria:

ny point in the test there shall be no temperature rise in excess of 100 °C ove
rature.

b) Th

connegtions monitored (the stability factor is defined as the maximum temperature rig

data
data

For egch point-monitored, the AT shall not be greater than 10 °C.

3.6.4.6 Whgre.a.temperature exceeds 175 °C (1 thermocouple measurement) within the firs|
test, the result shall not be counted in the overall performance rating. The device shall be

stability factor (AT) shall be determined for each of the 11 data points for

int above the average temperature rise of all 11 data points for a particular con
ints are those'described in 3.6.4.4.

tab) of each
Hz constant
burs ON and
e.

ed in 3.6.4.4

th cycle, and
Ken every 40
nts. This will

ing hours.

the ambient

each of the
e of any one
hection). The

t 50 cycles of
emoved and

replaced by two new test jigs. These shall be inserted into the circuit in such a manner as not to disturb the
wire connections or the other test jigs.

3.6.5 Resul

ts and calculations

The temperatures measured by all 30 thermocouples shall be recorded at the end of 500 cycles.

3.6.6 Report

The report shall include, as a minimum, temperature measurement on all thermocouples.
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3.7 Length

3.71

of lay

Scope

This test establishes a method for determining the LENGTH OF LAY of any component of a conductor or

assembly.

3.7.2 Appa

ratus

The apparatus shall consist of a length-measuring device accurate to 1 mm (0.04 in).

3.7.3 Prep4ration of Specimens

3.7.3.1 Unc

A specimen

measured (nminimum of 2) plus 2 by the maximum lay length permitted for the component to

shall be cut
work surface

3.7.3.2 Coy

A specimen

measured (minimum of 2) plus 2 by the maximum lay length permitted for the component to

shall be cut f]
ends to a wo
the covering
the remainin
longer than t

Alternatively,
window shal

shall be seclred to the work surface. The radial orientation of the ends of the specimen re

other, after s

Example: If
approximate

tovered components (conductors or assemblies)

of sufficient length, determined by multiplying the number of complete revg

from the sample and straightened. The specimen shall be tightly secured at b
to ensure that the components cannot untwist.

of sufficient length, determined by multiplyingythe number of complete revg

rom the sample cable or cord and straightened. The specimen shall be tightly sg
rk surface to ensure that the components cannot untwist. A longitudinal window
s) in the center portion of the specifien to expose the component to be meas
j covering intact at both ends. The fength of the window shall be approximately
vice the specified maximum lay‘length. The width of the window shall be 180° or

the width of the window may be the entire circumference of the specimen. In
be cut prior to securing the specimen to the work surface. The two ends of

bcurement, shall-be’the same as prior to specimen preparation.

he specified-maximum lay length is 57 mm (2.25 in), the window shall have
length:

yered components (insulated conductors, jacketed'and/or taped assemblies)

lutions to be
be measured
pth ends to a

lutions to be
be measured
cured at both
shall be cut in
ured, leaving
25 mm (1 in)
less.

this case, the
the specimen
ative to each

the following

(2% 57)+25 =139 mm

or

(2x225)+1=55in

3.7.4 Procedure

The distance (D) required for at least two complete revolutions of the component shall be measured along
the longitudinal axis of the specimen.

3.7.5 Results and calculations

The lay length shall be calculated as follows:
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= D
N
where:
L =lay length, mm (in)
D = distance, mm (in)
N = number of complete revolutions measured
3.7.6 Report

The report sh

4

4.1 Thickness

411

The tests in t
average thick]

41.2 Appa
The apparatu
a)anp

having
by 8

b) a micrometer microseope with a resolution and accuracy of 0.01 mm (0.001 in), &

the c4
4.1.4.7

Insulation, Overall Covering, and Jacket Materials Tests

Scope¢

bl include, as a minimum, the LENGTH OF LAY of the component(s).

his clause establish methods for determining the minimum thickness at any p
hess of conductor insulation, extruded overall covering, and jacket materials.

atus
5 shall consist of the following, whichever are applicable:

in-gauge dial micrometer capable of exerting a force of 0.25 +0.02 N (0.056
a nominal pin diameter of\}mm (0.04 in) and an anvil having nominal dimens
m (0.043 in by 0.312 in);.ahd with a resolution and accuracy of 0.01 mm (0.001

se of referee measurements taken following non-compliance in accordance w
p.3 or 4.1.4.2%4, the resolution and accuracy shall be 0.001 mm (0.0001 in);

c)ad
force
of:

al micrometer having flat surfaces on both the anvil and the end of the spindle
pf 0.10-10 0.83 N (0.022 to 0.187 Ibf), both the spindle and anvil having noming

oint, and the

+0.004 Ibf),
ons of 1 mm
n);

xcept that in
ith 4.1.4.1.3,

that exerts a
| dimensions

d)ala

1) 2 mm by 9.5 mm (0.078 in by 0.375 in), with a resolution and accuracy of 0.01 mm (0.001

in); or

2)6.4 mm (0.25 in) in diameter with a resolution and accuracy of 0.01 mm (0.001 in);

ser micrometer with a resolution and accuracy of 0.01 mm (0.001 in);

e) for mineral insulated cable, a file for flattening and smoothing the face of specimens; and

f) for mineral insulated cable, a steel gauge wire of a specified diameter.
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4.1.3 Preparation of specimens
4.1.3.1 Minimum thickness at any point

4.1.3.1.1 A specimen having a maximum length of 8 mm (0.31 in), but in no case longer than the width of
the anvil, shall be cut perpendicular to the longitudinal axis of the cable and removed. Any separators or
other components shall be removed from the insulation or jacket under examination. If the jacket or
insulation cannot be removed without damage, measurements shall be made using the micrometer
microscope method described in 4.1.4.1.2.

4.1.3.1.2 In the case of mineral insulated cable, the face of one end of a specimen 8 mm (0.31 in) in
|ength shall be—filed—to prr\\lir{n a—surface-that-isflat-and-smooth—The-mineral-insulation-shall then be
removed to 4 depth of 3 mm (0.12 in) below the end of the sheath without disturbing the origipal position of
the conductof(s).

NOTE: The spegimen may be cut into segments to fit into the gauge.

4.1.3.2 Avérage thickness

4.1.3.2.1 Pjn gauge and micrometer microscope methods
A specimen ghall be cut and prepared in accordance with 4.1.34)
41.3.2.2 Djfference method

A specimen ¢f any convenient length shall be cut.

41.4 Proce¢dure

4.1.41 Minimum thickness at any point

41411 Pjngauge method

The specimgn shall be placed,on the pin, the movable members of the gauge permitted to cpome gently to
rest on the specimen, and'the thickness shall be read. In rotating the specimen, the movable member shall
not be in cgntact withit> The procedure shall be repeated until the minimum thickness |is found and
recorded.

41.41.2 N|icrometer microscope method

The point of minimum thickness shall be located and the thickness measured.
4.1.41.3 Mineral insulated cable

A steel gauge wire of the specified diameter shall be inserted gently between the conductors and sheath,
and between adjacent conductors.

4.1.41.4 Non-compliance procedures

414141 In case of nhon-compliance with the specified minimum insulation thickness at any point, a
micrometer microscope or other optical instrument according to 4.1.2(b) shall be used to view the clean-
cut end of one of the two specimens and to locate the point of minimum thickness.
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414142

In case of non-compliance with the specified minimum jacket thickness at

any point, a

micrometer microscope or other optical instrument according to 4.1.2 (b) shall be used to locate and
measure the maximum and minimum thicknesses on each of the slices.

4.1.4.2 Average thickness
41.4.21 Averaging method

The minimum and maximum thickness shall be determined using the procedures described in 4.1.4.1.1 or
4.1.4.1.2. For insulation, measurements shall be made within the irregularities resulting from conductor
stranding. For extruded-to-fill jackets, all measurements shall be made within the irregularities resulting

fit within the

from the conductors—or—other r\nmpnnnnfe_ If the pin described—in—4-14441 does—hot

irregularities,
41.4.2.2 Di

4.1.4.2.21

over the ins
diameter ove
along the axi
accordance W

41.4.2.2.2
diameter ove
and maximur
than 50 mm
shall be calcu

this method is not applicable.
Fference method

For insulation only, the average thickness shall be determined by determining
Ilation and the diameter over the uninsulated conductor. . The minimum a
r the insulation shall be measured at three points spaced no’less than 50 m

5 of the specimen and recorded. The average conductarydiameter shall be d
ith 3.1. The average thickness of insulation shall be calculated in accordance wi

For flexible cords only, the average thickness ofjacket may be determined by n
" the jacket and the diameter over core, including separator, under the jacket. 1
h diameter over the jacket and the core shall be measured at three points sp
2 in) apart along the axis of the specimen and recorded. The average thickn
lated in accordance with 4.1.5.2.2.

the diameter
d maximum
(2 in) apart
etermined in
th 4.1.5.2.2.

easuring the
'he minimum
aced no less
ess of jacket

4.1.4.2.3 Non-compliance procedures — average thickness of insulation of thermoplastic and

thermoset-in

41.4.2.31
micrometer n

4.1.4.2.3.2
five points at
any separato
be clean an
measuremen
tube.

sulated wires and cable, flexible cord and fixture wire

n case of non-compliance with the specified average insulation thickness req
icroscope or other gptical instrument according to 4.1.2(b) shall be used.

Five sections, 100'mm (4 in) long shall be cut from the non-compliant sample w
the center-6f-each section. Without damaging or stressing the insulation, the ¢
" shall besremoved and the five tubes of insulation cut in two at their centers. B
d perpendicular to the longitudinal axis of the tube. This yields ten sp
, however measurements shall be made on only five specimens — one specim

uirements, a

th one of the
bnductor and
ach cut shall
ecimens for
en from each

4.1.4.2.3.3 The clean-cut end of each of the five specimens shall be viewed through the instrument and
the maximum and minimum thicknesses determined. In the case of stranded conductors, it is appropriate
for the average insulation thickness to be 0.08 mm (3 mils) less than the specified average insulation
thickness.

4.1.4.2.4 Non-compliance procedures — average thickness of jacket on flexible cord, fixture wire
and elevator cable

In case of non-compliance with the specified average jacket thickness requirements, referee

measurements shall be made by means of an optical device according to 4.1.2(b).
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4.1.5 Results and calculations
Results shall be recorded.
4.1.5.1 Minimum thickness at any point

4.1.5.1.1 The minimum thickness shall be as measured in accordance with 4.1.4.1 and recorded. When
individual strands are less than 1.09 mm (0.043 in), and the measurement is made using the micrometer
microscope method, 0.08 mm (0.003 in) shall be added to the measured value. The addition of the 0.08
mm (0.003 in) to the measured value does not apply to compact or compressed stranded conductors, or
where a separator is used over the stranded conductor, or where measuring the thickness of a tape
insulation.

4.1.5.1.2 Fpr insulation thickness measurements following non-compliance, the recorded yalue shall be
rounded to the nearest 0.01 mm (0.001 in) and compared with the specified minimum/insulation thickness
at any point. [The results obtained with the optical instrument shall be considered €onclusive.

4.1.5.1.3 Hor jacket thickness measurements following non-compliance, the maximum and minimum
thicknesses pf each slice shall be recorded to the nearest 0.001 mm (0,0001 in). The small¢st of the four
measuremerjts shall be rounded to the nearest 0.001 inch (0.01 mm)yand compared with|the specified
minimum jacket thickness. The results obtained with the optical instrdment shall be considergd conclusive.

4.1.5.2 Average thickness
4.1.5.21 Ayeraging method

The averagg of the measurements obtained in_4,1.4.2.1 shall constitute the average thi¢kness of the
insulation or jacket.

4.1.5.2.2 Djfference method

The six overall diameter readings .obtained in 4.1.4.2.2 shall be averaged. The avergge insulation
thickness shpll be calculated as:the difference between the average overall diameter and|the diameter
over the uninsulated condueter/ including the separator, if present, divided by two. The aperage jacket
thickness shpll be calculated’as the difference between the average diameter over the jacket and the
diameter ovdr the coresincluding the separator, divided by two.

41.5.2.3 asurements in case of non-compliance

4.1.5.2.3.1 i i ' ; i gl ' imen obtained
in accordance with 4.1.4.2.3 shall be recorded to the nearest 0.001 mm (0.0001 in). The average of the ten
measurements shall be calculated and rounded to the nearest 0.001 mm (0.0001 in) and compared with
the specified average thickness. The results obtained with the optical instrument shall be considered
conclusive.

4.1.5.2.3.2 For jacket thickness, the maximum and minimum thicknesses of each slice shall be recorded
to the nearest 0.001 mm (0.0001 in). The average of the four measurements shall be calculated and then
rounded to the nearest 0.001 mm (0.0001 in) and compared with the specified average jacket thickness.
The results obtained with the optical instrument shall be considered conclusive.

41.6 Report

The report shall include, as a minimum, the following:
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a) min

b) ave

imum thickness at any point; and

rage thickness.

4.2 Physical properties (ultimate elongation and tensile strength)

421 Scope

These tests establish methods for determining ultimate elongation and tensile strength of insulation and
jacket materials under specified conditions as described in 4.2.8.

4.2.2 Mater
Fluids as spe
4.2.3 Appa

The apparatu

a)ap
machi
also a
or less

b) an
better

c) dieg
used
marks|

jals-and-reactants

Cified in the product standard shall be used.
atus

5 shall consist of the following:

e shall be capable of separating the grips at speedsof500 £25 mm/min (20 +1
[ 50 £5 mm/min (2 +0.2 in/min). The applied load as indicated shall be accuratg
of the value read;

extensometer or scale for determining the.elongation with a resolution of 2 m
5 B, C, D, E or F as described in ASFM D412 or NMX-J-178-ANCE. Dies C ar

with 25 mm (1 in) gauge marksDies B, E, and F shall be used with 50 mm
Dies capable of cutting a 6.3*'mm or 3.2 mm (0.250 or 0.125 in) wide speq

paraIIII sides are permitted. The.folerance on the width between the cutting edges i

portio

NOTE:

of the die shall be -0.00, +0.05 mm (-0.000, +0.002 in);

[olerances on the remaining portions of the die are not critical.

d) a caliper with a resolution and accuracy of 0.01 mm (0.001 in);

e)adi
total fq
(0.35
these

al micrometer having a 6.3 to 6.4 mm (0.248 to 0.252 in) diameter flat presser fq
rce of\0.83 £0.03 N (3.0 £0.1 ozf) on a rectangular anvil measuring approximat

0.08%in). The face of the anvil on the minor dimension shall be slightly convex.
measurements shall be made with a dead-weight dial micrometer having a pre

bwer-driven machine provided with a device that indicates’the maximum load feached. The

in/min), and
to 2 percent

m (0.1 in) or

d D shall be
(2 in) gauge
imen having
n the parallel

ot exerting a
ely 9 x 2 mm
Alternatively,
sser foot 6.4

+0.2 mm (0.248 £0.070 in) in diameter and exerfing a tofal of 85 £3 gf or 0.83 £0.03 N
on the specimen — the load being applied by means of a weight. The presser foot shall be at least 2
mm (0.08 in) onto the edge of the specimen for each measurement. Micrometers shall have a
resolution and accuracy of 0.01 mm (0.001 in);

f) a micrometer with a resolution and accuracy of 0.001 mm (0.0001 in);

g) a heated bath for oil capable of maintaining the specified temperature within +1 °C;

3.0 £0.1 ozf)

h) weather (sunlight) resistance apparatus. Xenon-arc radiation and water-spray exposure
equipment shall comply with ASTM G151 and Cycle 1 of the Common Exposure Conditions in
ASTM G155 or NMX-J-553-ANCE. The specimen shall be mounted in the specimen holders of the
equipment. The xenon-arc apparatus shall be provided with a daylight filter. The spectral power
distribution (SPD) shall conform to the requirements of the Relative Ultraviolet Spectral Power
Distribution Specification for Xenon Arc with Daylight Filters in Table 1 of ASTM G155 for a xenon
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lamp with a daylight filter. Operation of the lamp assembly shall maintain a level of spectral
irradiance at the specimens of at least 0.35 W/(m?-nm) monitored at a wavelength of 340 nm.

i) a forced air-circulating oven. The apparatus for the air-oven aging of specimens shall be as
indicated in NMX-J-417-ANCE or ASTM D5423 (Type Il ovens) and ASTM D5374 and shall
circulate the air within the aging chamber at high velocity. Fresh air shall be admitted, continuously,
to the chamber to maintain normal oxygen content in the air surrounding the specimens. The
exhaust ports of the oven shall be adjusted to achieve 100 to 200 complete fresh-air changes per
hour. For purposes of calculating the number of fresh air changes the volume of the oven shall be
based on the interior dimensions of the oven. The blower, fan, or other means for circulating the air
shall be located entirely outside the aging chamber. The oven shall be capable of maintaining the

temperature specified in Table 3;

Jap
band
knife
samp
the fo

k) a g

bwer-driven splitting or skiving machine consisting of an adjustable upperpre
knife or a rotary bell knife, and a power-driven feed roller that passes a(samg
blade thereby separating or slicing the sample into layers, with no resulting |
e material from which die-cut specimens are to be prepared. The machine she
lowing:

1) to produce a strip of insulation from a 13.3 mm? (6 AWG) of larger conduct
jacketing material; and

2) to remove irregularities from samples of insulatian)jacket, or the like;

ower-driven buffing machine (grinding wheel). The abrasive wheel shall be ng

grit (

diameter of the wheel is not specified; however,@9.12 — 0.16 m (4.75 — 6.25 in) ha
apprdpriate. The rotary velocity of the wheel shall be 2500 — 3500 r/min. The diame
velocjty of the wheel shall be selected to-give the wheel a peripheral speed (rpm

diam
light f
the w

CAUT
not tg
ft/min
abov

) a su

article size of 0.486 mm (0.019 in). The wheel shall run true and shall not

ter) of 15 to 25 m/s (3000 to 5000:ft/min). The machine shall have a slow fee
ressure and removes very little. material at one cut, thereby not overheating the
heel;

[ION: The maximum wheel diameter and the maximum wheel rpm specified in
be used together, as_this combination will result in a peripheral speed above
. This applies eyven for wheels that are marked as being intended for a per
25 m/s (5000 ft/min).

itable block or draw plane;

m)al

balaneeraccurate to 0.1 percent of mass measured;

ssure roller, a
le across the
eating of the
Il be used for

Dr or a strip of

minal No. 36
vibrate. The
s been found
ter and rotary
X T x wheel
i that applies
specimen or

this item are
25 m/s (5000
pheral speed

0) a hand- or power-driven machine with steel grips may be used for stretching a conductor for the
purpose of removing the conductor from the insulation; and

p) a temperature-measuring device with an accuracy of £1 °C.

In each type of apparatus, provision shall be made for suspending each specimen vertically within the
chamber without touching the sides of the chamber or any other specimen.
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4.2.4 Preparation of specimens

4.2.41 Sample selection and number of specimens
4.2.41.1 Samples shall be taken from a wire, cable or cord, finished or during manufacture, at any time
following curing of the compound, where applicable.

4.2.4.1.2 A minimum of six specimens per sample shall be tested "as received" and after accelerated
aging or liquid immersion. If the specimen breaks outside of the gauge marks or the grips of the
mechanical extensometer at a value below that specified as the acceptable minimum, the test results shall

be disregarded and the test shall be repeated with another specimen.

4242 Forllns of specimen

4.24.21

Each specimegn shall be in one of the following forms:

a) If in
the wi
(0.101

NOTE:
may be

b) If 4
where,
greate

Where die-cu
4.2.4.2.3 and

Geéneral

|slit longitudinally and the conductors removed.

sulation, it shall be tubular or die-cut, prepared in accordance with 4.2.4.2.2 o

r4.2.4.2.3,if

Fe or cable is smaller than 13.3 mm? (6 AWG) and has ‘ah insulation thickneg
n) or less. In all other cases, it shall be die-cut and prepared in accordance with 1

For tubular specimens, if stranded conductors cannot be refnoved without damage to the insulatio

jacket, it shall be die-cut, prepared in decordance with 4.2.4.2.3. Alternativel

r than 5.1 mm (0.2 in), the jacket shall’be tested in one of the following ways:
1) in its finished tubular form;

2) die-cut without performing the buffing operation when this would reduce thg
less than 0.38 mm (0.015’in); or

3) carefully slit longitudinally and tested in its finished form when the specimg
removed in a tibular form without damage and cannot be die-cut due to its phy.

t specimens-are required, they shall be prepared before further conditioning as
4.2.5.13.

4.2.4.2.2 Tybular specimens

s of 2.5 mm
n.2.4.2.3.

n, the insulation

y, for jackets

the nominal thickness is less than 0.76 mm (0.03 in) or where the overall diameter is not

thickness to

bn cannot be
sical size.

described in

A tubular specimen shall be prepared from a sufficient length of wire, cable, or cord, finished or during
manufacture, less any coverings. The conductor shall be removed. Methods for removing the conductor
are described in Annex A.

4.2.4.2.3 Die-cut specimens

A die-cut specimen shall be prepared from a sufficient length of sample, less any coverings, as follows:

a) The sample shall be slit longitudinally and removed from the underlying component. The
separator or strand shield, if any, shall be removed.

b) The internal and external irregularities shall be removed using the apparatus described in 4.2.3
(i), (k), or (I), whichever is best suited for the material, to provide a smooth specimen of uniform
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4.2.5

4251

4251

The cross-sgctional area shall be calculated from the following formdla:

where:

4251

.1 Tubular specimens

thickness. The thickness shall not be reduced by more than 50 percent except for specimens with
an as-received thickness of 5 mm (0.2 in) or more. Adhering insulation shall be removed from a
jacket sample. Adhering jacket shall be removed from an insulation sample.

NOTE: For rigid or hard specimens, which cannot be flattened in preparation for skiving or buffing, the specimens may be
immersed in warm water at a temperature set below 60 °C for several minutes to make the material pliable. After water
immersion and removal from the water, all surface moisture should be blotted from the surface of the specimens by means
of a clean, absorbent cloth that is free of lint.

c) After allowing the sample to rest for at least 30 minutes, the specimen shall be cut from the
smoothed section using one of the dies specified in 4.2.3(c). The use of a press for operating the
cutting die is recommended. The sample shall be placed on a smooth surface of wood or another
material that will not damage the cutting edges of the die. The cross-sectional area of the center
constficted portion of a die-cut specimen shall be no greater than 16 mm- (0.025 1n-).

Procédure

Determination of cross-sectional area

T 2 2
A=—(D"—
;0P =d%)

A = closs-sectional area, mm? (in?)

D = the lowest average of maximum and minimum diameters over the sample neasured at a
positibn midway between the ends of the sample and at positions approximately 25/mm (1 in) on
each gide of the midposition, mm (in)

d = the highest average of maximum and minimum diameters over the underlying component
(inclufing any separator) measured at points approximately 10 mm (0.39 in) from edch end of the
specimen, mm. In the case of a conductor consisting of very fine strands, it can be difficult to take
the measurement-as described. In such a case, an annular section of insulation shall be carefully
remoyed as.shown in Figure 6; the average conductor diameter may be measured af that location,
mm (in)

NOTE:LEoE Jinr\l(nfc tested in their finished tubular form in accordance with item (h) (1) of42421-d=1th average of wall
thickness measurements (measured using an optical micrometer) multiplied by 2, subtracted from D.

.2 Parallel, flat or irregularly shaped specimens

The cross-sectional area shall be calculated from the following formula:

where:

o looow o W,
D mm - Oor LDln

A = cross-sectional area, mm? (in?)


https://ulnorm.com/api/?name=UL 2556 2021.pdf

36

NMX-J-556-ANCE-2021 ¢ CSA C22.2 No. 2556:21 ¢+ UL
2556

JUNE 3, 2021

W = mass of the specimen with the conductor(s) removed, g, minimum 5 g (0.011 Ib)

L = length of the specimen, mm (in)

D = density of the compound, g/cm? (Ib/in®)

NOTE: An acceptable method of determining density is described in Annex B.

4.2.5.1.3 Die-cut specimens

The cross-sectional area shall be determined using the width of the cutting die and the minimum thickness
of the smoothed section, to the nearest 0.01 mm (0.001 in), using the dial micrometer as described in 4.2.3

(e). The area

where:
A=cr
t = mir
w=wi

hball . lalaotadl £ oo foll H £ o
[STTATT T LA UTatC U T o T TS TOTTO W Ty TOUTTTTUTAY

A=txw

bss-sectional area, mm? (in?)
imum thickness of the smoothed section, mm (in)

dth of the cutting die, mm (in)

4.2.5.2 Ultimate elongation and tensile strength

The elongatiq

n and tensile strength tests shall be conducted simultaneously at ROOM TEMPE

specimen shall be conditioned at ROOM TEMPERATURE for at least 30 minutes prior to testing.

or mechanicag
25 mm 2.5 1
placed on the
machine and
while being
so that the s
gauge mark
uniform rate

| extensometers or a scale method-shall be used to determine elongation. Two ¢

specimen. These gauge marks shall be at right angles to the direction of pull
as narrow as possible, tofacilitate measurement. The specimen shall be comy
arked. The specimen shall be clamped in position, with the gauge marks betw
ction between the.gauge marks is straight but not under tension. The distand
bnd the adjacent(grip shall not exceed 13 mm (0.5 in). The grips shall be s¢
until the specimen ruptures. The rate of separation shall be 8.5 mm/s (20 in

specified othgrwise in the-product standard. During the separation of the jaws, the distance

gauge marks
to within 2 m
Ibf). If the spe

shall beanéasured continuously so that the distance at the instant of rupture car
m (0.15nY. The maximum load before break, W, shall be recorded to the nearg
cimen breaks outside of the gauge marks or the grips of the mechanical exten

value below thatspecified as the acceptable minimum, the test results shall be disregarded

RATURE. The
Video, laser,
auge marks,

nm (1 in £0.10 in) apart and essentially equidistant from the center of the specimen, shall be

n the testing
letely at rest
een the grips
e between a
parated at a
/min) unless
between the
be recorded
st 0.5 N (0.1
someter at a
and the test

shall be repeated with another specimen.

4.2.6 Resul

4.2.6.1 Gen

ts and calculations

eral

The average ultimate elongation and tensile strength shall be based on the first five acceptable tests as
defined in 4.2.4.1.

4.2.6.2 Ultimate elongation

The percentage elongation shall be calculated from the following formula:
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L2_L1
——— %100
L

where:

L, = spacing between gauge marks or grips of mechanical extensometer at rupture, mm (in)

L, = initial spacing between gauge marks or grips of mechanical extensometer, mm (in)

4.2.6.3 Tensile strength

The tensile sfrength shall be calculated from the following formula:

18 = s
A
where:
TS = {ensile strength, MPa (Ibf/in?)
W = maximum load before break, N (Ibf)
A = closs-sectional area, mm? (in?)
4.2.7 Repdrt

The report shall include, as a minimum, the following:

a) type of exposure;
b) avg¢rage values for aged and-Unaged specimens; and

c) avgrage retention values.
4.2.8 Conditioning of'specimens

4.2.8.1 AsTeceived(unaged) specimens

VA a a ala o-determin on a en

The apparatlis-ahd-procedure-outlined 2.6 shallapply too ations-oftensile strength and
elongation of insulation, jacket, and similar coverings when tested in the as-received condition.

4.2.8.2 Short-term air-oven aging

4.2.8.2.1 Prior to air-oven aging, measurements necessary for the calculation of cross-sectional area
shall be made. The specimens shall be suspended within the appropriate test chamber described in 4.2.3,
so that they will not come in contact with one another or with the sides of the chamber. Specimens having
widely different properties or composition shall be aged in separate test chambers. The specimens shall
be heated at the specified temperature for the specified period of time. Oven temperatures shall be
recorded throughout the period of aging. Following air oven aging, the specimens shall be removed from
the oven and allowed to rest for 16 to 96 hours at ROOM TEMPERATURE.

4.2.8.2.2 Ultimate elongation and tensile strength shall be determined using the apparatus and
procedure outlined in 4.2.3 — 4.2.6. Gauge marks shall be applied after the conditioning.
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4.2.8.3 Oil resistance

4.2.8.3.1 Prior to the oil resistance test, the gauge marks shall be applied and measurements necessary
for the calculation of cross-sectional area shall be made. The immersion vessel shall have a minimum
volume of 100 ml (6 in®). The vessel shall be filled with a specified oil and then placed in a bath or oven as
described in 4.2.3. Specimens shall be suspended in the vessel and maintained at the specified
temperature and time. Care shall be taken to minimize contact with the walls of the vessel or other
specimens. Oil shall not be allowed to get inside a tubular specimen of insulation. In the case of a jacket,
both surfaces (inside and out) shall be exposed to the oil.

4.2.8.3.2 Following immersion, the specimens shall be blotted to remove excess oil, and allowed to rest

for 16 to 96 h

urs at ROOM TEMPERATURE.
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lined in 4.2.3 — 4.2.6. Gauge marks shall be applied before the conditioning.

4.2.8.4 Gaspline resistance
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4.2.8.5 Wegther (sunlight) resistance

4.2.8.5.1 Sqgope
This test establishes—the—methodfor—determining—the—resistance—ef—wire—anrd—eable—eemponents to

degradation when exposed to weathering effects (filtered light and moisture)
4.2.8.5.2 Xenon-arc exposure

Samples of finished cable or specimens prepared as described in 4.2.4 shall be tested in the xenon-arc
apparatus as described in 4.2.3(h) for the specified number of hours, except that the pH of the water shall
be 4.5 — 8.0, and the surfaces exposed to the light source shall not be buffed, skived, or planed away.
Gauge marks shall be applied after the conditioning. For comparative purposes, specimens from unaged
cables shall be prepared in an identical manner. Each cycle shall consist of 102 minutes of light and 18
minutes of light and water spray. Samples shall be mounted in accordance with the xenon-arc apparatus
manufacturer’s instructions. Following the exposure, the samples or specimens shall be removed from the
test apparatus and retained in still air under conditions of ambient ROOM TEMPERATURE and
atmospheric pressure for not less than 16 hours and not more than 96 hours.
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