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SUMMARY OF TOPICS

The following changes in requirements to the Standard for Wire and Cable Test Methods, UL
2556, are being proposed for preliminary review and comment only:

1. For Preliminary Review Only: Proposed Fifth Edition of the Standard for Wire and
Cable Test Methods, UL 2556

COMMENTS DUE: SEPTEMBER 24, 2018

This proposal is for review and comment only (no ballot at this time). Please note that comments on a
preliminary review document will not receive a response from the proposal author through CSDS.
Instead, the proposal author will be asked to review the comments and adjust the proposals and/or
supporting rationale as the author determines to be appropriate. The preliminary review process is an
informal mechanism that provides authors with the opportunity to refine their proposals before they
advance to the next stage in UL’s standards development process.

In some cases, the author of the proposals may choose to discontinue them. In this case, the author
need not do anything after preliminary review has ended. Normally, the next step in the process is the
more formal STP ballot and stakeholder review process. Only comments posted during the STP ballot
and stakeholder review process will be provided with a response in CSDS.

UL'’s goal is to have no interest category comprise more than one-third of the STP membership
balance. To improve the current balance for STP 83, UL is looking for participants in the Commercial/
Industrial User, AHJ, Government, and Testing & Standards interest categories. Definitions for these
interest categories are available on the Standards STP Internet site:
http://ulstandards.ul.com/develop-standards/participation/interest-categories/

If you are interested in applying for STP 83 membership or are aware of potential candidates for this
STP, please contact the STP Project Manager, Linda.L.Phinney @ ul.com.

For your convenience in review, proposed additions to existing requirements are shown underlined and
proposed deletions are shown lined-out.

1. For Preliminary Review Only: Proposed Fifth Edition of the Standard for Wire and Cable Test
Methods, UL 2556

RATIONALE

Proposals submitted by: Khaled Masri, NEMA, on behalf of THSC 20 for Building Wires and Cables and
Susan Stene, UL LLC.
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Revised 2.2, 4.2.3, 4.2.8.5.2

Deleted the option of testing using a carbon-arc
weatherometer based on the advantage of using a properly
filtered xenon lamp versus using the twin carbon arc lamp.
Manufacturers can readily supply and maintain xenon arc
equipment, whereas suppliers of the carbon-arc equipment are
no longer supporting this equipment.

Revised 4.2.5.2

Deleted the option of using non-mechanical extensometers
based on the necessity for gage marks to measure elongation,
since the gage length is not typically calibrated, nor can it be
calibrated robustly. Further, calibration is not addressed in the
applicable ASTM standards.

Revised 4.4.2.1; New 4.2.2.2

Revised to include references to ANCE standards that are
required to be used in Mexico, and to specify the only methods
permitted in Canada and the United States.

Revised 6.2.3.2.2, 6.2.3.3.2

Revised to specify metallic braid versus copper.

Revised 6.4.5

Revised to add the IR constant K to allow for the calculation of
insulation resistance requirements when the IR constant K is
provided for marine shipboard cables.

Revised 7.6.2, 7.6.3, 7.6.5, 7.6.7

Revised to account for product standards that require cold
bend testing after sunlight resistance testing (e.g. flexible
cords).

Revised 7.11

UL 493 and UL 4703 describe a procedure for flatwise and
edgewise crush testing of cables. With two standards
specifying this method, the procedure should be added to the
trinational test methods standard, particularly in light of a new
effort underway to develop a trinational UL-CSA-ANCE
standard for Photovoltaic Wire.

Deleted 7.12

The method for crush resistance at accelerated compression
rate is not referenced in any product standards, and only
pertains to communications cable. Since the method for the
crush test for insulation in the binational standard for
communications cable aligns with 7.11, that standard should
reference Method 1 in 7.11.4.1 and specify the speed and
retain any other specifics unique to these cables.

Revised 7.13, renumbered as 7.12

Renumbering results from deleted 7.12 of the currently
published standard.

Revised 7.14.3

Revised to ensure specimens that break down at a relatively
high voltage are not too short, which can lead to failure
through flashover to the water rather than breakdown through
the insulation.

Revised 7.14.04.4

Other dielectric breakdown tests in UL 2556 (see 6.3.4)
indicate that the ramp rate for the application of the dielectric
voltage shall not exceed 500V/s. The ramp rate of 10 — 60V/s
is very slow when the breakdown voltages are typically over
20,000V. This may unduly stress the insulation. In addition,
most dielectric testers are not able to function at such a low
ramp rate. Therefore, it is proposed to revise the Dielectric
after Glancing Impact to match the other dielectric breakdown
tests.

Added 8.4

Added Weather (sunlight) resistance.

Revised 9.6, 9.7

Note added to indicate that the requirements in the product
standard prevail but in the absence of requirements, those
described in this method apply.

9.11.5.1.10, 9.11.5.1.11, 9.11.6.1

Revised 9.11.1.4, 9.11.2, 9.11.3, 9.11.5, 9.11.5.1.9,

Revised to reinstate the option of using an aliquot sample for
titration, a common chemistry laboratory practice, to specify
the use of distilled, deionized or demineralized water for the
titration, and to provide improved clarity in the procedure.

Revised 9.12, 9.12.1

Revised to clarify the title and scope.

Revised Figure 18

Revised to match title of the figure with the test method.
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Table Continued

Revise Annex G The calculation method for braid shields and spiral or wrap
shields should not be the same. The correction to the formula
for the braid shields in the last edition was inadvertently
applied to the wrap shields as well. This proposal corrects the
error.

Editorial changes

Note from the STP Project Manager: Please note that editorial and formatting changes will be
completed for ballot.
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Wire and Cable Test Methods
1 Scope

1.1 This standard describes the apparatus, test methods, and formulas to be used in carrying out the
tests and calculations required by wire and cable standards.

1.2 Specific acceptance requirements are found in individual product standards.

1.3 Where a test method indicates a “specified” test parameter or condition, the parameter or condition is
found in the individual product standard.

2 General
2.1 Units of measure

The unit of measure shall be SI. If a value for measurement is followed by a value in other units in
parentheses, the second value represents a direct conversion or an alternative value. Except for
conductor size, the first stated value is the requirement.

2.2 Normative references

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

ANCE (Association of Standardization and Certification)

In Mexico, NMX-J-556-ANCE is organized with the same clause numbering as UL 2556/CSA C22.2 No.
2556. Separate ANCE standards are published for test methods not covered in NMX-J-556-ANCE.
Annex J provides a list of the harmonized NMX test method standards that apply to each test method.

NMX-J-178-ANCE
Wires and Cables — Ultimate Strength and Elongation of Insulation, Semiconducting Shields and Jackets
of Electrical Conductors — Test Method

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

NMX-J-417-ANCE
Wires and Cables — Convection Laboratory Ovens for Evaluation of Electrical Insulation — Specifications
and Test Methods

NMX-J-437-ANCE
Wires and Cables — Determination of Light Absorption Coefficient of Polyethylene Pigmented with Carbon
Black — 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
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NMX-J-553-ANCE
Wires and Cables — Weather Resistance of Insulation or Jacket of Electrical Conductors — Test Method

CSA Group

C22.1
Canadian Electrical Code, Part |

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

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

ASTM International

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

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

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

D471
Standard Test Method for Rubber Property-Effect of Liquids

D1603
Standard Test Method for Carbon Content in Olefin Plastics

D1835
Standard Specification for Liquefied Petroleum (LP) Gases

D4218
Standard Test Method for Determination of Carbon Black Content in Polyethylene Compounds by the
Muffle-Furnace Technique

D5025
Standard Specification for Laboratory Burner Used for Small-Scale Burning Tests on Plastic Materials

D5207
Standard Practice for Confirmation of 20-mm (50-W) and 125-mm (500-W) Test Flames for Small-Scale
Burning Tests on Plastic Materials

D5374
Standard Test Methods for Forced-Convection Laboratory Ovens for Evaluation of Electrical Insulation

D5423
Standard Specification for Forced-Convection Laboratory Ovens for Evaluation of Electrical Insulation

Documents

Document Sharing Hub

Provided by IHS Markit under license with UL Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: UL 2556 BULLETIN 2018


http://avadocuments2026.com/doc/ul-2556-bulletin-2018
http://avadocuments2026.com/doc/ul-2556-bulletin-2018

SUBJECT 2556 -6- AUGUST 24, 2018

D6370
Standard Test Method for Rubber-Compositional Analysis by Thermogravimetry

E8/E8M
Standard Test Methods for Tension Testing of Metallic Materials

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

E1131
Standard Test Method for Compositional Analysis by Thermogravimetry

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

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 60695-11-3
Fire hazard testing — Part 11-3: Fire hazard testing — Part 11-3: Test flames — 500 W flames — Apparatus
and confirmational test methods

ISO (International Organization for Standardization)

ISO 10093
Plastics — Fire tests — Standard ignition sources

NEMA (National Electrical Manufacturers Association)

VE 1
Metal Cable Tray Systems
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2.3 Safety
2.3.1 General

It is not the intent of this standard to address all of the safety issues associated with its use. It is the
responsibility of the user of this standard to train personnel, establish proper health and safety procedures
and be aware of, and comply with, local, state/provincial, and national regulatory restrictions that apply.

2.3.2 Chemical 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, working, and disposal of hazardous chemicals shall be followed. Furthermore, discharges of
these chemicals to the environment, that is, the air, water, or ground, shall comply with 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.

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 special precautions to be taken.
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2.4 Definitions

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

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

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

GLOWING COMBUSTION: Combustion of a material in the solid phase without flame but with emission
of light from the combustion zone.

LENGTH OF LAY: The length along the longitudinal axis of the conductor or assembly for any component
to complete one revolution.

MICROMETER: As used in this document, “micrometer” means a device for measuring dimensions to
small tolerances. This device may utilize mechanical, optical, video, or other technology.

NORMAL VISION: Vision without any aid other than the examiner’'s normal corrective lenses, if any.
ROOM TEMPERATURE: 25 £10 °C (77 £18 °F).

2.5 Test temperature

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;
c) product description;
d) name of test conducted; and
e) test result.
3 Conductor tests
3.1 Conductor diameter
3.1.1 Scope

This test establishes the method for determining conductor diameter.
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3.1.2 Apparatus
The apparatus shall consist of the following:

a) a micrometer having flat surfaces on both the anvil and the end of the spindle, with a
resolution and accuracy of 0.001 mm (0.0001 in);

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

c) a laser micrometer with a resolution and accuracy of 0.001 mm (0.0001 in).
3.1.3 Preparation of specimens
The specimen shall be taken from a sample of wire, cable, or cord, finished or during manufacture, and
shall be removed from its surrounding insulation or coverings (when present) and straightened, with care
being taken not to stretch it.
3.1.4 Procedure
Three measurements of the maximum and minimum diameters shall be made. All measurements of a
stranded conductor shall be made over the strands and not at the interstices. The diameter measurements
shall be taken near each end and in the center of the specimen.
3.1.5 Results and calculations
3.1.5.1 The diameter shall be the average of the six measurements.
3.1.5.2 When a member diameter cannot be directly measured in a Rope-lay conductor, the outside

diameter of the Rope-lay conductor shall be measured and member outside diameter shall be calculated
using the following formula:

where:
D1 = The calculated outside diameter of the member (mm)
D = The outside diameter of a Rope-lay conductor (mm)

N = The number of members

Documents

Document Sharing Hub

Copyright UL
Provided by IHS Markit under license with UL Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: UL 2556 BULLETIN 2018


http://avadocuments2026.com/doc/ul-2556-bulletin-2018
http://avadocuments2026.com/doc/ul-2556-bulletin-2018

SUBJECT 2556 -10- AUGUST 24, 2018

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 balance accurate to 0.1 percent of mass measured; and

b) a length-measuring device accurate to 0.1 percent of length measured.
3.2.3 Preparation of specimens
The specimen shall be taken from a sample of wire, cable or cord, finished or during manufacture, and
shall be removed from its surrounding insulation or coverings (when present) and straightened, with care
being taken not to stretch it.
3.2.4 Procedure
3.2.4.1 The test specimen shall consist of a straight length of a conductor cut from a sample of the wire,
cable, or cord, finished or during manufacture. The length 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 The specimen shall be at room TEMPERATURE and shall have both of its ends perpendicular to the
longitudinal axis of the conductor. The specimen shall be weighed and the density of conductor material
shall be used to calculate the cross-sectional area.

3.2.5 Results and calculations

3.2.5.1
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(1000/L)(100M)

2 il
5 (100 + £ ) mm?2 (cmil)

Area =

where
M = mass, g (Ib)
L = length, mm (ft)
p = density, g/cm?3 (Ib/(cmil-1000 ft))
= for copper, bare or tin, lead, lead-alloy or nickel-coated, 8.89 g/cm?3 (0.003027 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?3 (0.001130 Ib/(cmil-1000 ft))
= for aluminum, Alloy 1350, 2.70 g/cm?3 (0.000919 Ib/(cmil-1000 ft))
= for aluminum, ACM, 2.71 g/cm? (0.000924 Ib/(cmil-1000 ft))
= for nickel, 8.80 g/cm?3 (0.002996 Ib/(cmil-1000 ft))
= for iron, 7.87 g/cm3 (0.002680 Ib/(cmil-1000 ft))
k = increment (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 members (Classes G
and H) as follows:
49 wires or less, k =3
133 wires, k = 4
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 I, K, and
M) as follows:
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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
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 concentric unit or conductor

T+nm; +nym,+ ... +n,m,
T+ni+n+ ... +n,

Me =

where
m. = ratio increase due to concentric stranding

ny, = number of wires in layer x
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L]

where
m, = ratio increase due to stranding
D = diameter over the 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 throughout the calculation.

b) For bunched unit or conductor

mb=\j1+(7‘(‘%1 O

where
m,, = 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.

¢) For rope-stranded conductors with one roping operation, calculate mg, based on m, and m,
above, treating the individual units as if they were solid conductors:

Mg = My M OF M = m, My

where

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 or bunched
component as solid
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d) For multiple rope-stranded conductors with two roping operations, calculate m,,, based on my
and m. above, treating the individual ropes as if they were solid conductors:

My, = M, M, M, Or M =m, m, Mg

where

m, = ratio increase due to multiple roping (second roping operation), and is calculated
for the multiple rope assembly in the same way as m, x m, or m;, x my, treating each
single rope component as solid

e) For a 19-wire combination round-wire unilay-stranded conductor (this variety of unilay
conductor consists of a straight central wire of diameter D, an inner layer of six wires of
diameter D with each wire having a LenaTH oF LAY designated as LOL, and an outer layer
consisting of six wires of diameter D alternated with six smaller wires having a diameter of
0.732 x D and with all twelve wires of the outer layer having the same LenaTH oF Lay LOL and
DIRECTION OF LAY as the six wires of the inner layer), application of the first formula in ltem (a)
gives

Meomss < 1+6my+ 6ms+(6x0.7322)xm,
onilay” 1+6+6+(6 x 0.7322)

where
m, = the ratio increase (layer lay factor) for the inner layer
m3 = 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

As in item (a)
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m= N1+ wé/n?

where
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
n. = —~-
22D
= for the 6 wires of diameter D in the outer layer
_ Lo
3 3.464D

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

LOL

n, = —m—-__
4 373D

When n, and nz and n4 each equal or exceed 10, an estimate of
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m= N1+ wé/n?

m=1+ n2/(2n?) =1 + 4.9348

2
m,= 1 + 19.7392 x —2

my= 1 + 592141 x D2

D2
my= 1+ 68.7310 x 5
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D2
M m = .
copgo = 1+ 428422 x (LoL)?

and

D2
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).

3.3.2 Apparatus

The apparatus shall be as described in 3.1.2.

3.3.3 Preparation of specimens

The preparation 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 being measured. The diameter shall be the average of six measurements.
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3.3.5 Results and calculations

The area of the solid wire shall be calculated as follows:

A = nd%/4
where
A = cross-sectional area, mm?
d = diameter, mm
or
cma= d? x 108
where

cma = circular mil area
d = diameter, in

The cross-sectional area of the conductor shall be calculated as the sum of the area(s) of the solid
conductor or strand.

3.3.6 Report

The report shall include, as a minimum, the cross-sectional area of the conductor.
3.4 DC resistance

3.4.1 Scope

This test establishes the method for determining the DC resistance of a conductor.
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3.4.2 Apparatus
The apparatus shall consist of the following:

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

3.4.3.1 The specimen shall be a length taken from a wire, cable, or cord, finished or during manufacture,
and shall have the following characteristics:

a) a resistance of at least 0.000 01 Q (10 pQ) in the test length between voltage contacts;

b) no surface cracks or defects visible with normAL vision, and substantially free from surface
oxide, dirt, and grease; and

€) no joints or splices.
d) a test length of at least 1 m (3.3 ft)

3.4.3.2 The test equipment and the test specimen shall be allowed to come to the same temperature as
the surrounding medium.

3.4.4 Procedure

3.4.4.1 The electrical resistance of the conductor shall be determined using the measuring device
described in 3.4.2. When a 4-terminal measuring device is used, the distance between each voltage
contact and the corresponding current contact shall be at least 4.7 times the diameter of the specimen.

Care shall be taken to keep the magnitude of the current low and to minimize measurement time to avoid
a change in resistance.

3.4.4.2 The test temperature, which shall be in the range of 10 — 35°C, shall be recorded at the time the
resistance measurement is taken.

3.4.4.3 The length of the specimen under test, between the voltage contact points, shall be recorded.
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3.4.5 Results and calculations

3.4.5.1 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:

R=r/L

where
R = resistance per unit length of the conductor at 20 °C (or 25 °C), Q/km
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 Maximum tensile strength and elongation at break
3.5.1.1 Scope

This test establishes the method for determining the maximum tensile strength and the elongation at
break, of a solid conductor, a single strand removed from a stranded conductor, or a stranded conductor
as a unit.

Note: The test on a stranded conductor as a unit applies only to 8000 Series aluminum alloy conductors.
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3.5.1.2 Apparatus
The apparatus shall consist of the following:

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

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

Note 2: 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 shall be 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 cut to a length sufficient to allow a space of approximately 0.3 m (12 in)
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).

3.5.1.5 Results and calculations

The tensile strength shall be calculated from the following formula using the original specimen diameter d,
measured as described in 3.1:
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AW MPa(ibf /in2)
7id

where
W = maximum load before break, N (Ib)

d = diameter, mm (in)

The percent elongation shall be calculated from the following formula:

L-250
750 X100

where
L = distance between gauge marks at the time of break, mm
or
L-10
—— X100
10
where
L = distance between gauge marks at the time of break, in
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3.5.1.6 Report

The report shall include, as a minimum, the following:
a) maximum tensile strength; and
b) elongation at break.

3.5.2 Ultimate 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:

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 standard, a referee
test shall be conducted using a minimum distance of 15 m (50 ft) between the connectors.
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3.5.2.4 Preparation of specimens

The connectors 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 Results and calculations
The maximum load shall be recorded.
3.5.2.6 Report
The report shall include, as a minimum, maximum load.
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 apparatus shall consist 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 of 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 cycles.

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 conductors.

3.6.2 Apparatus

The apparatus shall be in accordance with Figures 2 and 3, and shall consist of 15 test jigs (duplex
receptacle terminals) having the following characteristics:

a) One terminal baseplate, as shown in Figure 4, shall be made out of 0.76 +0.03 mm (0.030
+0.001 in) 70/30 ASTM sheet brass, Rockwell B 82-86 hardness.

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

*American Iron and Steel Institute.
Note: Carbon steel in compliance with ASTM 29 is recommended.

c) The other terminal baseplate (neutral side) shall be the same as described in Item (a) but, in
addition, shall have immersion tin plating of less than 0.003 mm (0.0001 in) thickness.

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.
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3.6.3 Preparation of specimens

Thirty-one specimens of insulated solid 3.31 mm?2 (12 AWG) aluminum wire of length 610 to 685 mm (24
to 27 in) shall be prepared for the test.

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 constantan) shall be
cemented or soldered in accordance with Figure 4, attached at the midpoint (on the breakoff tab) of each
terminal baseplate between the screws. These jigs shall then be connected to a 40 A, 60 Hz constant
current supply and subjected to 50 cycles of operation, with each cycle consisting of 3.5 hours ON and
0.5 hours OFF. Care shall be taken not to disturb the connecting wires after applying the torque.

3.6.4.3 Temperature measurements shall be taken in accordance with the method described in 3.6.4.4
and 3.6.4.5.

3.6.4.4 Temperature measurements at each connection shall be made, starting with the 25th cycle, and
at every 25 cycles thereafter for a total of 5 measurements. Measurements shall then be taken every 40
cycles for a total of 3 measurements and then every 80 cycles for a total of 3 measurements. This will
yield 11 measurements in total for each connection.

Note: The cycle of measurement may vary from that specified to the extent of allowing it to occur during
regular working hours.

3.6.4.5 Connection stability shall be determined by the following criteria:

a) At any point in the test there shall be no temperature rise in excess of 100°C over the
ambient temperature.

b) The stability factor (AT) shall be determined for each of the 11 data points for each of the
connections monitored (the stability factor is defined as the maximum temperature rise of any
one data point above the average temperature rise of all 11 data points for a particular
connection). The data points are those described in 3.6.4.4.

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

3.6.4.6 Where a temperature exceeds 175 °C (1 thermocouple measurement) within the first 50 cycles of
test, the result shall not be counted in the overall performance rating. The device shall be removed 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.
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3.6.5 Results 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.

3.7 Length of lay

3.7.1 Scope

This test establishes a method for determining the LengTH oF LAY of any component of a conductor or
assembly.

3.7.2 Apparatus

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

3.7.3.1 Uncovered components (conductors or assemblies)

A specimen of sufficient length, determined by multiplying the number of complete revolutions to be
measured (minimum of 2) plus 2 by the maximum lay length permitted for the component to be measured
shall be cut from the sample and straightened. The specimen shall be tightly secured at both ends to a
work surface to ensure that the components cannot untwist.

3.7.3.2 Covered components (insulated conductors, jacketed and/or taped assemblies)

A specimen of sufficient length, determined by multiplying the number of complete revolutions to be
measured (minimum of 2) plus 2 by the maximum lay length permitted for the component to be measured
shall be cut from the sample cable or cord and straightened. The specimen shall be tightly secured at both
ends to a work surface to ensure that the components cannot untwist. A longitudinal window shall be cut
in the covering(s) in the center portion of the specimen to expose the component to be measured, leaving
the remaining covering intact at both ends. The length of the window shall be approximately 25 mm (1 in)
longer than twice the specified maximum lay length. The width of the window shall be 180° or less.

Alternatively, the width of the window may be the entire circumference of the specimen. In this case, the
window shall be cut prior to securing the specimen to the work surface. The two ends of the specimen
shall be secured to the work surface. The radial orientation of the ends of the specimen relative to each
other, after securement, shall be the same as prior to specimen preparation.

Example: If the specified maximum lay length is 57 mm (2.25 in), the window shall have the following
approximate length:

(2 x 57) + 25 = 139 mm
or

(2x225)+1=55in
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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:

L =D/N
where
L = lay length, mm (in)
D = distance, mm (in)
N = number of complete revolutions measured
3.7.6 Report

The report shall include, as a minimum, the LenaTH OF LAY of the component(s).
4 Insulation, overall covering, and jacket materials tests

4.1 Thickness

4.1.1 Scope

The tests in this clause establish methods for determining the minimum thickness at any point, and the
average thickness of conductor insulation, extruded overall covering, and jacket materials.

4.1.2 Apparatus
The apparatus shall consist of the following, whichever are applicable:

a) a pin-gauge dial micrometer capable of exerting a force of 0.25 +0.02 N (0.056 +0.004 Ibf),
having a nominal pin diameter of 1 mm (0.04 in) and an anvil having nominal dimensions of 1
mm by 8 mm (0.043 in by 0.312 in), and with a resolution and accuracy of 0.01 mm (0.001 in);

b) a micrometer microscope with a resolution and accuracy of 0.01 mm (0.001 in), except that
in the case of referee measurements taken following non-compliance in accordance with
4.1.41.3,4.1.4.2.3 or 4.1.4.2.4, the resolution and accuracy shall be 0.001 mm (0.0001 in);

c) a dial micrometer having flat surfaces on both the anvil and the end of the spindle that exerts
a force of 0.10 to 0.83 N (0.022 to 0.187 Ibf), both the spindle and anvil having nominal
dimensions of:

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);
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d) a laser 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.
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
length shall be filed to provide a surface that is flat and smooth. The mineral insulation shall then be
removed to a depth of 3 mm (0.12 in) below the end of the sheath without disturbing the original position
of the conductor(s).
Note: The specimen may be cut into segments to fit into the gauge.
4.1.3.2 Average thickness
4.1.3.2.1 Pin gauge and micrometer microscope methods
A specimen shall be cut and prepared in accordance with 4.1.3.1.
4.1.3.2.2 Difference method
A specimen of any convenient length shall be cut.

4.1.4 Procedure

4.1.4.1 Minimum thickness at any point
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4.1.4.1.1 Pin gauge method

The specimen shall be placed on the pin, the movable members of the gauge permitted to come gently
to rest on the specimen, and the thickness shall be read. In rotating the specimen, the movable member
shall not be in contact with it. The procedure shall be repeated until the minimum thickness is found and
recorded.

4.1.4.1.2 Micrometer microscope method
The point of minimum thickness shall be located and the thickness measured.
4.1.4.1.3 Mineral insulated cable

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

4.1.4.1.4 Non-compliance procedures

4.1.4.1.4.1 In case of non-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.

4.1.4.1.4.2 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
4.1.4.2.1 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
from the conductors or other components. If the pin described in 4.1.4.1.1 does not fit within the
irregularities, this method is not applicable.
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4.1.4.2.2 Difference method

4.1.4.2.2.1 For insulation only, the average thickness shall be determined by determining the diameter
over the insulation and the diameter over the uninsulated conductor. The minimum and maximum
diameter over the insulation shall be measured at three points spaced no less than 50 mm (2 in) apart
along the axis of the specimen and recorded. The average conductor diameter shall be determined in
accordance with 3.1. The average thickness of insulation shall be calculated in accordance with 4.1.5.2.2.

4.1.4.2.2.2 For flexible cords only, the average thickness of jacket may be determined by measuring the
diameter over the jacket and the diameter over core, including separator, under the jacket. The minimum
and maximum diameter over the jacket and the core shall be measured at three points spaced no less
than 50 mm (2 in) apart along the axis of the specimen and recorded. The average thickness of jacket
shall be calculated in accordance with 4.1.5.2.2.

4.1.4.2.3 Non-compliance procedures — average thickness of insulation of thermoplastic and thermoset-
insulated wires and cable, flexible cord and fixture wire

4.1.4.2.3.1 In case of non-compliance with the specified average insulation thickness requirements, a
micrometer microscope or other optical instrument according to 4.1.2(b) shall be used.

4.1.4.2.3.2 Five sections 100 mm (4 in) long shall be cut from the non-compliant sample with one of the
five points at the center of each section. Without damaging or stressing the insulation, the conductor and
any separator shall be removed and the five tubes of insulation cut in two at their centers. Each cut shall
be clean and perpendicular to the longitudinal axis of the tube. This yields ten specimens for
measurement, however measurements shall be made on only five specimens — one specimen from each
tube.

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 For insulation thickness measurements following non-compliance, the recorded value 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 conclusive.

4.1.5.1.3 For jacket thickness measurements following non-compliance, the maximum and minimum
thicknesses of each slice shall be recorded to the nearest 0.001 mm (0.0001 in). The smallest of the four
measurements shall be rounded to the nearest 0.001 inch (0.01 mm) and compared with the specified
minimum jacket thickness. The results obtained with the optical instrument shall be considered conclusive.

4.1.5.2 Average thickness
4.1.5.2.1 Averaging method

The average of the measurements obtained in 4.1.4.2.1 shall constitute the average thickness of the
insulation or jacket.

4.1.5.2.2 Difference method

The six overall diameter readings obtained in 4.1.4.2.2 shall be averaged. The average insulation
thickness shall be calculated as the difference between the average overall diameter and the diameter
over the uninsulated conductor, including the separator, if present, divided by two. The average jacket
thickness shall be calculated as the difference between the average diameter over the jacket and the
diameter over the core, including the separator, divided by two.
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4.1.5.2.3 Measurements in case of non-compliance

4.1.5.2.3.1 For insulation thickness, the maximum and minimum thicknesses of each specimen 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.
4.1.6 Report
The report shall include, as a minimum, the following:

a) minimum thickness at any point; and

b) average thickness.
4.2 Physical properties (ultimate elongation and tensile strength)

4.2.1 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 Materials and reactants

Fluids as specified in the product standard shall be used.
4.2.3 Apparatus

The apparatus shall consist of the following:

a) a power-driven machine provided with a device that indicates the maximum load reached.
The machine shall be capable of separating the grips at speeds of 500 £25 mm/min (20 +1
in/min), and also at 50 £5 mm/min (2 £0.2 in/min). The applied load as indicated shall be
accurate to 2 percent or less of the value read;

b) an extensometer or scale for determining the elongation with a resolution of 2 mm (0.1 in) or
better;

c) dies B, C, D, E, or F as described in ASTM D412 or NMX-J-178-ANCE. Dies C and D shall
be used with 25 mm (1 in) gauge marks. Dies B, E, and F shall be used with 50 mm (2 in)
gauge marks. Dies capable of cutting a 6.3 mm or 3.2 mm (0.250 or 0.125 in) wide specimen
having parallel sides are permitted. The tolerance on the width between the cutting edges in the
parallel portion of the die shall be -0.00, +0.05 mm (-0.000, +0.002 in);

Note: Tolerances 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);
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e) a dial micrometer having a 6.3 to 6.4 mm (0.248 to 0.252 in) diameter flat presser foot
exerting a total force of 0.83 £0.03 N (3.0 £0.1 ozf) on a rectangular anvil measuring
approximately 9 x 2 mm (0.35 x 0.08 in). The face of the anvil on the minor dimension shall be
slightly convex. Alternatively, these measurements shall be made with a dead-weight dial
micrometer having a presser foot 6.4 +0.2 mm (0.248 £0.010 in) in diameter and exerting a total
of 85 £3 gf or 0.83 £0.03 N (3.0 +0.1 ozf) 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;
h) weather (sunlight) resistance apparatus in accordance with 8.4.2 (a);

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;

j) a power-driven splitting or skiving machine consisting of an adjustable upper pressure roller, a
band knife or a rotary bell knife, and a power-driven feed roller that passes a sample across the
knife blade thereby separating or slicing the sample into layers, with no resulting heating of the
sample material from which die-cut specimens are to be prepared. The machine shall be used
for the following:

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

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

k) a power-driven buffing machine (grinding wheel). The abrasive wheel shall be nominal No. 36
grit (particle size of 0.486 mm (0.019 in). The wheel shall run true and shall not vibrate. The
diameter of the wheel is not specified; however, 0.12 — 0.16 m (4.75 — 6.25 in) has been found
appropriate. The rotary velocity of the wheel shall be 2500 — 3500 r/min. The diameter and
rotary velocity of the wheel shall be selected to give the wheel a peripheral speed (rpm x & x
wheel diameter) of 15 to 25 m/s (3000 to 5000 ft/min). The machine shall have a slow feed that
applies light pressure and removes very little material at one cut, thereby not overheating the
specimen or the wheel;

CAUTION: The maximum wheel diameter and the maximum wheel rpm specified in this
item are not to be used together, as this combination will result in a peripheral speed
above 25 m/s (5000 ft/min). This applies even for wheels that are marked as being
intended for a peripheral speed above 25 m/s (5000 ft/min).

[) a suitable block or draw plane;

m) a balance accurate to 0.1 percent of mass measured;
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n) a length-measuring device accurate to 0.1 percent of length measured;

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.

4.2.4 Preparation of specimens
4.2.4.1 Sample selection and number of specimens

4.2.4.1.1 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.

4.2.4.2 Forms of specimen
4.2.4.2.1 General
Each specimen shall be in one of the following forms:

a) If insulation, it shall be tubular or die-cut, prepared in accordance with 4.2.4.2.2 or 4.2.4.2.3,
if the wire or cable is smaller than 13.3 mm?2 (6 AWG) and has an insulation thickness of 2.5
mm (0.10 in) or less. In all other cases, it shall be die-cut and prepared in accordance with
4.2.4.23.

Note: For tubular specimens, if stranded conductors cannot be removed without damage to the
insulation, the insulation may be slit longitudinally and the conductors removed.

b) If a jacket, it shall be die-cut, prepared in accordance with 4.2.4.2.3. Alternatively, for jackets
where the nominal thickness is less than 0.76 mm (0.03 in) or where the overall diameter is not
greater 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 the thickness
to less than 0.38 mm (0.015 in); or

3) carefully slit longitudinally and tested in its finished form when the specimen cannot
be removed in a tubular form without damage and cannot be die-cut due to its physical
size.

Where die-cut specimens are required, they shall be prepared before further conditioning as described in
4.2.4.2.3 and 4.2.5.1.3.
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4.2.4.2.2 Tubular specimens

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 (j), (k), or (I), whichever is best suited for the material, to provide a smooth specimen of
uniform 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 constricted portion of a die-cut specimen shall be no greater than 16 mm? (0.025
in?).

4.2.5 Procedure
4.2.5.1 Determination of cross-sectional area
4.2.5.1.1 Tubular specimens

The cross-sectional area shall be calculated from the following formula:
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_Tin2_ 42
A=Z(0%d?)

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

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

d = the highest average of maximum and minimum diameters over the underlying component
(including any separator) measured at points approximately 10 mm (0.39 in) from each 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 removed as shown in Figure 6; the average conductor diameter may be measured at
that location, mm (in)

Note: For jackets tested in their finished tubular form in accordance with item (b) (i) of 4.2.4.2.1:
d = the average of wall thickness measurements (measured using an optical micrometer)
multiplied by 2, subtracted from D.

4.2.5.1.2 Parallel, flat or irregularly shaped specimens

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

1000W

W 2
D mm*™ or LD n

A=

where
A = cross-sectional area, mm? (in?)
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/cm3 (Ib/in®)
Note: An acceptable method of determining density is described in Annex B.
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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 shall be calculated from the following formula:

A=txw

where
A = cross-sectional area, mm? (in?)
t = minimum thickness of the smoothed section, mm (in)
w = width of the cutting die, mm (in)

4.2.5.2 Ultimate elongation and tensile strength

The elongation and tensile strength tests shall be conducted simultaneously at rRoom TEMPERATURE. The
specimen shall be conditioned at room TEMPERATURE for at least 30 minutes prior to testing. Video, laser, or
mechanical extensometers or a scale method shall be used to determine elongation. Two gauge marks,
25 mm £2.5 mm (1 in £0.10 in) apart and essentially equidistant from the center of the specimen, shall be
placed on the specimen. These gauge marks shall be at right angles to the direction of pull in the testing
machine and as narrow as possible, to facilitate measurement. The specimen shall be completely at rest
while being marked. The specimen shall be clamped in position, with the gauge marks between the grips
so that the section between the gauge marks is straight but not under tension. The distance between a
gauge mark and the adjacent grip shall not exceed 13 mm (0.5 in). The grips shall be separated at a
uniform rate until the specimen ruptures. The rate of separation shall be 8.5 mm/s (20 in/min) unless
specified otherwise in the product standard. During the separation of the jaws, the distance between the
gauge marks shall be measured continuously so that the distance at the instant of rupture can be
recorded to within 2 mm (0.1 in). The maximum load before break, W, shall be recorded to the nearest
0.5 N (0.1 Ibf). 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.
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4.2.6 Results and calculations
4.2.6.1 General

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:

La-Ly
0 x100

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 strength shall be calculated from the following formula:

TS = W/A

where
TS = tensile strength, MPa (Ibf/in®)
W = maximum load before break, N (Ibf)

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

The report shall include, as a minimum, the following:
a) type of exposure;
b) average values for aged and unaged specimens; and
c) average retention values.

4.2.8 Conditioning of specimens

4.2.8.1 As-received (unaged) specimens

The apparatus and procedure outlined in 4.2.3 — 4.2.6 shall apply to determinations of tensile 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.

4.2.8.3 Qil 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 in3). 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 hours at RoomM TEMPERATURE.

4.2.8.3.3 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 before the conditioning.
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4.2.8.4 Gasoline resistance

4.2.8.4.1 The immersion vessel shall have a minimum volume of 100 ml (6 in%). The bottom 25 mm (1 in)
of the vessel shall be filled with tap water, and the remainder of the vessel filled with equal volumes of
iso-octane and toluene maintained at 23 +1°C.

Note: See ASTM D471 (Fuel C) for the iso-octane and toluene blend.

4.2.8.4.2 Specimens shall be suspended in the vessel and maintained at the specified temperature and
time. Specimens shall be suspended in the vessel with care taken to minimize contact with the walls of
the vessel or other specimens. Fluid 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 fluid.

4.2.8.4.3 Following immersion, the specimens shall be blotted to remove excess fluid, and allowed to rest
for 16 to 96 hours at RooM TEMPERATURE.

4.2.8.4.4 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.

4.2.8.5 Weather (sunlight) resistance

4.2.8.5.1 Testing shall be in accordance with 8.4.

4.3 Dry temperature rating of new materials (long-term aging test)
4.3.1 Scope

This test verifies the dry temperature rating of new materials, and establishes short-term air oven aging
parameters and requirements.

Note 1: The long-term aging test evaluates a material for its dry temperature rating only. Other properties
are evaluated based on requirements in the applicable wire and cable standard.

Note 2: For the product standard, after sufficient experience with a new material has been compiled, the
material will be submitted for inclusion in the standard in a timely manner.
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4.3.2 Apparatus

The apparatus shall be as specified in 4.2.3.

4.3.3 Preparation of specimens

4.3.3.1 Specimens shall be prepared as described in 4.2.4.

4.3.3.2 The total number of specimens in the oven shall enable removal of specimens in sets of six at a
time, in intervals of 90, 120, and 150 days and, at the manufacturer’s request, in additional intervals of
180 and 210 days.

4.3.4 Procedure

4.3.4.1 The specimens shall be aged as described in 4.2.8.2 at the temperature determined in 4.3.4.2.
4.3.4.2 The oven temperature, T, shall be 102 percent of the desired temperature rating expressed on
the Kelvin scale. This temperature shall be calculated, in °C, using the following formula (T shall be

rounded to the nearest whole number):

Tiest (°C) = 1.02 X (273.15 + Tping (°C)) — 273.15

Note: The test temperatures applied for the most common temperature ratings are given in Table 4.
4.3.4.3 Sets of six specimens shall be removed at the intervals specified in 4.3.3.2.

4.3.4.4 Test specimens in each set shall be tested individually for ultimate elongation and tensile strength
as described in 4.2.3 — 4.2.6. The ultimate elongation and tensile values for each set of specimens shall
be averaged for each aging time interval. If the results of one or more of the six specimens differ
significantly, the results from only one specimen may be discarded.

4.3.5 Results and calculations

4.3.5.1 The ultimate elongation and tensile strength shall be calculated in accordance with 4.2.6.

4.3.5.2 The ultimate elongation or tensile strength at 300 days shall be determined by the following
formula:

U(t) = Ugo x e ~R(t - 90)

where
Uy = ultimate elongation, percent or tensile strength, MPa (Ibf/in®)
Ugo = regression constant (ultimate elongation or tensile strength computed at 90 days)
R = decay constant as determined in 4.3.5.4
t = time, days

See Annex C for a sample calculation.
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4.3.5.3 The variables in the formula, transformed as Y = In[U(t)], B = In[Ugg], and T = (t — 90), convert the
formula into linear form Y = B + RT.

4.3.5.4 Using the 90 days and longer-term data, the constants B and R shall be determined by least
squares linear regression. The projected ultimate elongation or tensile strength at 300 days shall then be
calculated using the formula in 4.3.5.2.

4.3.5.5 The ultimate elongation calculated for 300 days shall not be less than 50 percent. The tensile
strength calculated for 300 days shall not be less than 2 MPa (300 Ibf/in®) for insulation intended for use
under an overall covering, jacket, or armor and not less than 4 MPa (600 Ibf/in?) for overall coverings,
jackets, and for unjacketed insulation.

4.3.5.6 Following the determination of the temperature rating, the parameters and requirements for the
short-term air-oven aging test as described in 4.2.8.2 shall be established in accordance with Annex D.

4.3.6 Report
The report shall include, as a minimum the following:
a) verification of the dry temperature rating; and
b) short-term air oven aging parameters and requirements.
4.4 Carbon black content
4.4.1 Scope
This test establishes the methods for determining carbon black content in insulations or jackets.
4.4.2 Apparatus, preparation of specimens, procedures, and results and calculations

4.4.2.1 For insulations or jackets that do not generate corrosive fumes on pyrolysis, the carbon black
content shall be determined in accordance with one of the following methods:

a) Method 1: NMX-J-437-ANCE or ASTM D4218;
b) Method 2: ASTM D1603
c) Method 3: ASTM D6370; or
d) Method 4: ASTM E1131
In Mexico, Method 2, Method 3 and Method 4 do not apply.

4.4.2.2 In Canada and the United States, for insulations or jackets that generate corrosive fumes on
pyrolysis, the carbon black content shall be determined in accordance with Method 3 or Method 4.
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4.4.3 Report
The report shall include, as a minimum, the following:
a) test method used; and
b) carbon black content.
5 Components tests
5.1 Coverage of fibrous braids
5.1.1 Scope
This test establishes the method for determining the degree of coverage of fibrous braids.
5.1.2 Apparatus
The apparatus shall consist of the following:
a) a dial micrometer having flat surfaces on both the anvil and the end of the spindle, that
exerts a force of 0.10 to 0.83 N (0.022 to 0.187 Ibf), and with a resolution and accuracy of 0.01

mm (0.001 in);

b) a protractor or other appropriate means capable of measuring the lay angle of the braid
within 1 degree; and

c) a measuring device capable of measuring +1 mm (0.04 in).
;‘::5.1 .3 Preparation of specimens

fThe specimen shall be a minimum of 1.5 m (5 ft) cut from finished wire, cable, or cord, finished or during
~manufacture.

5.1.4 Procedure

See F.1 of Annex F.
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5.1.5 Results and calculations

See s F.2 and F.3 of Annex F.

5.1.6 Report

The report shall include, as a minimum, percent coverage.
5.2 Coverage of shielding (wraps and braids)

5.2.1 Scope

This test establishes the method for determining the degree of coverage of wraps and braids intended as
wire, cable or cord shielding.

5.2.2 Apparatus

The apparatus shall consist of the following:
a) a dial micrometer having flat surfaces on both the anvil and the end of the spindle that exerts
a force of 0.10 to 0.83 N (0.022 to 0.187 Ibf), and with a resolution and accuracy of 0.01 mm
(0.001 in); and
b) a measuring device capable of measuring £1 mm (0.04 in).

5.2.3 Preparation of specimens

The specimen shall be of any convenient length, cut from wire, cable or cord, finished or during
manufacture.

5.2.4 Procedure
See G.1 of Annex G.
5.2.5 Results and calculations

See G.1 of Annex G.
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5.2.6 Report
The report shall include, as a minimum, percent coverage.
5.3 Saturation
5.3.1 Scope
This test establishes the method for determining the degree of saturation of a fibrous covering.
5.3.2 Apparatus
The apparatus shall consist of the following:
a) a desiccator containing anhydrous calcium chloride;

b) specified mandrels. When a specified mandrel is not available, a mandrel with a smaller
diameter may be used. However, in the event of non-compliant results, the wire or cable shall
be re-tested using the specified mandrel size;

¢) a quick-damping balance accurate to 10 mg; and

d) an agitated constant-temperature bath of tap water maintained at a temperature of 21 +1°C,
either fitted with a cover to keep out dust or placed within a tight enclosure during the test.

Note: The water should be replaced when it becomes dirty or shows the presence of a surface
film of dust or wax.

5.3.3 Preparation of specimens

5.3.3.1 Prior to cutting a test specimen, the wire sample shall attain rRoom TEmMPERATURE. Handling and
flexing of samples to be tested shall be reduced to the absolute minimum required for conducting the test.

5.3.3.2 A specimen 610 £6 mm (24 £0.25 in) in length shall be cut from the wire or cable sample and
shall be bent around a mandrel of the specified diameter. For a 33.6 mm? (2 AWG) or smaller wire and
for a multiple-conductor cable or assembly for which the factor F in the product standard is 2 or 3, the
maximum number of complete turns that fit on the mandrel shall be made around the mandrel with the
wire tight on the mandrel, adjacent turns 3 to 6 mm (0.125 to 0.25 in) apart, and with a 50 to 60 mm (2
to 2.5 in) straight length at each end of the specimen extending away from the mandrel. For wire sizes
larger than 33.6 mm? (2 AWG) and for a multiple-conductor cable or assembly for which the factor F is
4.5, 6, 9, or 10, a half turn shall be made around the mandrel.
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5.3.4 Procedure

5.3.4.1 The specimen shall be removed from the mandrel without disturbing its form and shall be placed
in the desiccator over anhydrous calcium chloride at room TEMPERATURE for at least 18 hours. It shall then
be removed from the desiccator and weighed to the nearest 10 mg. The weight shall be recorded as W.

5.3.4.2 The specimen shall then be immersed in the tap-water bath, with 25 £3 mm (1 +£0.125 in) of each
end of the coil (or the 180° bend) projecting above the surface of the water. After 24 hours of immersion,
the specimen shall be removed from the bath, shaken vigorously for 5 s to remove adherent moisture and
weighed again 2 minutes after removal from the bath. This weight shall be recorded as W,. All fibrous
coverings other than tape shall then be removed from the full length of the specimen. The conductor(s),
insulation, and any tape shall then be weighed. In the case of an assembly for use in armored cable, any
overall fibrous covering and any fibrous covering on the individual wires shall be taken together in one
test, and a second test shall be made on only the fibrous covering on the individual wires. This weight
shall be recorded as W,.

5.3.5 Results and calculations
The moisture absorbed by the specimen shall not be adjusted for the portion of the specimen projecting

above the water. The percentage of absorption shall be calculated (to 0.1 percent) by means of the
following formula:

100 (W -W)
"_'iZ

5.3.6 Report

The report shall include, as a minimum, percentage of absorption.
6 Electrical tests for finished wire and cable

6.1 Continuity

6.1.1 Scope

This test establishes the methods for determining the continuity of conductors.
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6.1.2 Apparatus
6.1.2.1 Method 1 (general)
The apparatus shall consist of the following:
a) equipment that provides an AC or DC voltage equal to or less than 120 V; and
b) a means of indicating an unbroken circuit (e.g., an incandescent lamp, a bell, or a buzzer).
6.1.2.2 Method 2 (eddy current)

The apparatus shall consist of equipment that applies current at one or several frequencies in the range
of 1 to 125 kHz to an induction coil for the purpose of inducing eddy currents in the conductor moving
through the coil at production speed. The equipment shall detect the variation in impedance of the test
coil caused by each break in the conductor and provide a visual indication to the operator.

6.1.3 Preparation of specimens
No specific preparation is required.
6.1.4 Procedure

6.1.4.1 Method 1 (general)

Each of the individual conductors of the wire or cable shall be connected in series with the indicator and
an AC or DC source of voltage equal to or less than 120 V.

6.1.4.2 Method 2 (eddy current)

The longitudinal axis of the conductor shall be coincident with the electrical center of the test coil. The wire
or cable shall have little or no vibration as it passes through the test coil and shall clear the coil by a
distance that is not greater than 13 mm (0.5 in). Variations in the speed of the wire through the test coll
shall be limited to plus 50 percent and minus whatever percentage (50 percent maximum) keeps the
signal amplitude from falling below the level at which a break can be detected. Each time there is a
change in the wire or cable construction being tested, separate calibration, balance, and adjustments for
wire speed, sensitivity, maximum signal-to-noise ratio, and maximum rejection of signals indicating
gradual variations in diameter and other slow changes shall be made for each size, type of stranding, and
conductor material. Calibration without any wire in the test coil shall be made at least daily to check
whether the equipment is functioning.

Note: The temperature along the length of the wire being tested may vary from the temperature at which
the equipment was calibrated, balanced, and so forth for the size, type of stranding, and conductor
material, provided that the variations are gradual and are without hot or cold spots that cause false
signals.
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6.1.5 Results and calculations

Operation of the equipment indicator shall be evidence of continuity of the conductor under test.
6.1.6 Report

No report is required.

6.2 Dielectric voltage-withstand

6.2.1 Scope

This test establishes the methods for determining the dielectric voltage-withstand of a wire or cable.
6.2.2 Apparatus

The apparatus shall consist of the following:

a) an isolation transformer capable of supplying a test potential of 48 to 62 Hz, whose output
potential is continuously variable from near zero to at least the specified rms test potential;

b) a voltmeter having an accuracy of 5 percent, on the high voltage side of the transformer. If
analog, it shall have a response time that does not introduce a lagging error greater than 1
percent of full scale at the specified rate of increase in voltage;

c) a fault current indicator;

d) a forced-air oven as described in 4.2.3(i), having insulated bushings for connection of the test
voltage while the oven is closed;

e) a temperature-measuring device with an accuracy of £1°C;
f) a tank filled with tap water; and

g) a means of grounding, maximum impedance of 15 Q.
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6.2.3 Preparation of specimens
6.2.3.1 Method 1 (in water)
6.2.3.1.1 Both ends of the individual conductors shall be made bare.

6.2.3.1.2 In preparing the wire for test, each end of the specimen shall be brought out well above the
water level in the tank, where applicable, and the covering removed from the surface of the insulation for
a short distance if necessary to prevent surface leakage. The temperature of the water in which the
specimen is immersed need not be controlled unless specified in the product standard.

6.2.3.1.8 Unless specifically required by the product standard, a shielded or metal-covered
single-conductor specimen need not be immersed in water, the test voltage being applied between the
conductor and the shield or metal covering.

6.2.3.1.4 Unless specifically required by the product standard, a multiconductor cable need not be
immersed in water, the test voltage being applied between each conductor and the electrode, consisting
of all other conductors connected together and to all shields and metal coverings, as applicable.

6.2.3.1.5 In all cases, the ends of the conductor of the specimen shall be spaced from the grounded
electrode a sufficient distance to prevent corona or flashover at the ends during application of the test
voltage.

6.2.3.2 Method 2 (in air)
6.2.3.2.1 Both ends of the individual conductors shall be made bare.

6.2.3.2.2 For a single-conductor cable, a grounding electrode, when not present as a component, shall
be applied. A snug-fitting close-weave metallic braid, a metallic tape, or graphite have been found to be
acceptable.

6.2.3.3 Method 3 (in air at elevated temperature)
6.2.3.3.1 Both ends of the individual conductors shall be made bare.

6.2.3.3.2 For a single-conductor cable, a grounding electrode, when not present as a component, shall
be applied. A snug-fitting close-weave metallic braid, a metallic tape, or graphite have been found to be
acceptable.
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