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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.
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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.
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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:


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

32

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

JUNE 3, 2021

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?)
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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.

42833 U
procedure ou

Itimate elongation and tensile strength shall be determined using the lap
lined in 4.2.3 — 4.2.6. Gauge marks shall be applied before the conditioning.

4.2.8.4 Gaspline resistance

42841 TH
of the vessel
octane and to

NOTE: See AST!

42842 Sy
time. Specim
vessel or ofl

e immersion vessel shall have a minimum volume of 100 mI(®in®). The bottom
shall be filled with tap water, and the remainder of the vessel filled with equal vo
luene maintained at 23 £1 °C.

M D471 (Fuel C) for the iso-octane and toluene blend.

ecimens shall be suspended in the vessel.and maintained at the specified tem
bns shall be suspended in the vessel with*care taken to minimize contact with th
r specimens. Fluid shall not be allowed to get inside a tubular specimen of ins

h
case of a jaclTet, both surfaces (inside and out) shall’'be exposed to the fluid.

42843 Fq
rest for 16 to

42844 U
procedure ou

llowing immersion, the specimens shall be blotted to remove excess fluid, arn
D6 hours at ROOM TEMPERATURE.

Itimate elongation.and tensile strength shall be determined using the ap
lined in 4.2.3 — 4(2.6. Gauge marks shall be applied after the conditioning.

paratus and

25 mm (1in)
lumes of iso-

perature and
e walls of the
lation. In the

d allowed to

paratus and

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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4.2.8.5.3 Physical properties (ultimate elongation and tensile strength) after exposure

Ultimate elongation and tensile strength shall be determined using the apparatus and procedure described
in4.2.3-4.2.6.

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 lohg-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 th¢ product standard, after sufficient experience with a new material has been compiled,.the material jwill be submitted
for inclusion in the standard in a timely manner.

4.3.2 Appdratus

The apparatys shall be as specified in 4.2.3.

4.3.3 Preparation of specimens

4.3.3.1 Spdgcimens shall be prepared as described in 4.2°4.

4.3.3.2 Th4g total number of specimens in the oven:shall enable removal of specimens in sets of six at a
time, in interyals of 90, 120, and 150 days and, at'the manufacturer's request, in additional intervals of 180
and 210 days.

4.3.4 Procedure

4.3.41 Thqg specimens shall be aged as described in 4.2.8.2 at the temperature determined in 4.3.4.2.

4.3.4.2 Thg oven temperature, T, shall be 102 percent of the desired temperature rating pxpressed on
the Kelvin sg¢ale. This témperature shall be calculated, in °C, using the following formula (T shall be
rounded to the nearestwhole number):

T, (°C) = 1.02 % (273.15+ T, .(° C)) — 273.15

ating

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

formula:

where:

_ -R(-90
Un = Uy * e (=50

Uy = ultimate elongation, percent or tensile strength, MPa (Ibf/in?)

Uy = regression constant (ultimate elongation or tensile strength computed at 90 days)

R=d

t=tim
See Annex C

4353 The
formula into li

4354 Usi

squares linear regression. The projected ultimate elongation orensile strength at 300 days
calculated using the formulain 4.3.5.2.

4.3.5.5 The|ultimate elongation calculated for 300 days’shall not be less than 50 percent

strength calc
under an ove
jackets, and fi

4356 Foll
short-term ain

4.3.6 Repo
The report sh

a) veri

b) sho

cay. constant as determined in 4 35 4

e, days
for a sample calculation.

variables in the formula, transformed as Y = In[Uy], B = In[Ug], and T = (t — 90
near formY =B + RT.

g the 90 days and longer-term data, the constants.B{and R shall be determ

lated for 300 days shall not be less thari:2 MPa (300 Ibf/in?) for insulation inte

br unjacketed insulation.

-oven aging test as described’in 4.2.8.2 shall be established in accordance with

t
bl include, as asminimum the following:

ficationof,the dry temperature rating; and

rt-term air oven aging parameters and requirements.

, convert the

ned by least
shall then be

. The tensile
nded for use

rall covering, jacket, or armor and nofiless than 4 MPa (600 Ibf/in?) for overall coverings,

bwing the determination of thé-temperature rating, the parameters and requirements for the

Annex D.

4.4 Carbon

black content

441 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

4421

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;

For insulations or jackets that do not generate corrosive fumes on pyrolysis, the carbon black
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¢) Method 3: ASTM D6370; or

d) Method 4: ASTM E1131.
In Mexico, Method 2, Method 3, and Method 4 do not apply.

4422 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.

4.4.3 Report

The report shall |nr\|||r4n, 3S-a-RHAHALHA, the fnllr\\lulng:

a) test method used; and

b) cafbon black content.
5 Compongents Tests
5.1 Coverdge of fibrous braids
5.1.1 Scope
This test establishes the method for determining the degree of coverage of fibrous braids.
5.1.2 Appdratus
The apparatys shall consist of the following:

a) a dial micrometer having flat sdrfaces on both the anvil and the end of the spindle| that exerts a
force [of 0.10 to 0.83 N (0.022t0"0.187 Ibf), and with a resolution and accuracy of 0.01 mm (0.001
in);

b) a grotractor or othef.appropriate means capable of measuring the lay angle of the |braid within 1
degrge; and

c) a measuring.device capable of measuring £1 mm (0.04 in).

51.3 PrepTration of specimens

The 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.
5.1.5 Results and calculations

See F.2 and F.3 of Annex F.
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5.1.6 Report

The report shall include, as a minimum, percent coverage.

5.2 Covera

ge 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 Appa

The apparatu

a)ad
force

in); an
b)am
5.2.3 Prepdration of specimens

The specimg

manufacture.

5.2.4 Procedure
See G.1 of Apnex G.
5.2.5 Resul

See G.1 of Apnex G.

5.2.6 Repo
The report sh

5.3 Saturat

atus
5 shall consist of the following:

al micrometer having flat surfaces on both the anvil and the end af-the spindle
bf 0.10 to 0.83 N (0.022 to 0.187 Ibf), and with a resolution and aceuracy of 0.0
d

easuring device capable of measuring £1 mm (0.04 in),

n shall be of any convenient length, cut_frem wire, cable or cord, finishg

ts and calculations

't
all include, as a minimum, percent coverage.

on

that exerts a
1 mm (0.001

ed or during

5.3.1 Scope

This test establishes the method for determining the degree of saturation of a fibrous covering.

5.3.2 Apparatus

The apparatu

s 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;
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¢) 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 ROOM TEMPERATURE. 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 670 £6 mm (24 £0.25 in) in Tength shall be cut from the wire or cabl
shall be benflaround a mandrel of the specified diameter. For a 33.6 mm? (2 AWG) or smalle
a multiple-cgnductor cable or assembly for which the factor F in the product standard i
maximum number of complete turns that fit on the mandrel shall be made around the,nandre
tight on the mandrel, adjacent turns 3 to 6 mm (0.125 to 0.25 in) apart, and with2'50 to 60 m
straight length at each end of the specimen extending away from the mandrél. For wire siz
33.6 mm? (2 AWG) and for a multiple-conductor cable or assembly for which. the factor F is 4
a half turn shall be made around the mandrel.

5.3.4 Proceé¢dure

5.3.4.1 Thg specimen shall be removed from the mandrel without disturbing its form and s
in the desiccator over anhydrous calcium chloride at ROOM TEMPERATURE for at least 18 hour
be removed from the desiccator and weighed to the nearest 10 mg. The weight shall be recor

5.3.4.2 Thqg specimen shall then be immersed inithe tap-water bath, with 25 £3 mm (1 £0.1
end of the cqil (or the 180° bend) projecting above the surface of the water. After 24 hours
the specimen shall be removed from the bath;-shaken vigorously for 5 s to remove adherent
weighed agdin 2 minutes after removal from the bath. This weight shall be recorded as V|
er than tape shall thenbe.removed from the full length of the specimen. The
insulation, and any tape shall then be weighed. In the case of an assembly for use in armor
overall fibrous covering and any-fibrous covering on the individual wires shall be taken togeth
and a second test shall be made on only the fibrous covering on the individual wires. This W
recorded as

5.3.5 Results andcalculations

The moistur¢ abserbed by the specimen shall

b sample and
r wire and for
5 2 or 3, the
| with the wire
m (210 2.51in)
s larger than
5,6,9, or 10,

hall be placed
5. It shall then
ded as W.

P5 in) of each
of immersion,
moisture and
V4. All fibrous
conductor(s),
ed cable, any
er in one test,
eight shall be

en projecting

not be adjusted for the portion of the specin

above the -
following formula:

100(W,— W)
W=

5.3.6 Report

The report shall include, as a minimum, percentage of absorption.

means of the
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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.
6.1.2 Apparatus

6.1.2.1 Method 1 (general)

The apparatup 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 blizzer).
6.1.2.2 Method 2 (eddy current)

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

6.1.3 Preparation of specimens
No specific pfieparation 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 indjcator 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 €oil. 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 coil
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 Resu

Its 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 Dielect

ric voltage-withstand

6.2.1 Scope

This test esta

blishes the methods for determining the dielectric voltage-withstand of a wire or

6.2.2 Appdratus

The apparaty

a) an
poten

b) a

analo
of full

c) afs

d)af
voltag

s shall consist of the following:

isolation transformer capable of supplying a test potential of 48 to 62 Hz,
tial is continuously variable from near zero to at least the specified rms test pote

cable.

whose output
ntial;

oltmeter having an accuracy of £5 percent, on_the high voltage side of the fransformer. If

O, it shall have a response time that does not jntteduce a lagging error greater t
scale at the specified rate of increase in voltage;

ult current indicator;

brced-air oven as described in 4.2.8¢i), having insulated bushings for connecti
e while the oven is closed;

e) a temperature-measuring device with an accuracy of £1 °C;

f)ata

nk filled with tap water; and

g) a means of grounding,)maximum impedance of 15 Q.

6.2.3 Preparation of specimens

6.2.3.1 Method 1:(in water)

han 1 percent

on of the test

6.23.1.1 B

thends of the individuatconductors shattbe 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 i

mmersed need not be controlled unless specified in the product standard.

6.2.3.1.3 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.
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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 Met
6.2.3.3.1 Bg
6.2.3.3.2 Fqg

be applied. A
acceptable.

6.2.4 Procedure

6.24.1 Met

The wire or
application of
without an oV
grounded wi
a rate not ex
applied betw
present, and
separated fro
during applic3

6.2.4.2 Met

For a single-g
or cable and

a(ier electrode. The test voltage shall'be reached within a period of 10 to 60 s and

hod 3 (in air at elevated temperature)
th ends of the individual conductors shall be made bare.

r a single-conductor cable, a grounding electrode, when not présent as a com
snug-fitting close-weave metallic braid, a metallic tape, or gtaphite have beer

nod 1 (in water)

cable shall be immersed in water, except for the ends, for the specified pe
the test voltage. For a single-conductor cable, or an assembly of single-cong
erall covering, the test voltage shall.be applied between the insulated conduct

eeding 500 V/s. For multiple-conductor cables with an overall jacket, the test vo
en each insulated conducter;and all other conductors, all other metallic compq
the grounded water electrode. In all cases, the ends of the conductor under
m the grounded electrode a sufficient distance to prevent corona or flashove
tion of the test voltage.

nod 2 (in air)

onductor'cable, the test voltage shall be applied between the insulated conduct
the grounded electrode. For multiple-conductor cables, the test voltage sha

between eac

insulated conductor and all other conductors, all other metalllc components w

ponent, shall
found to be

riod, prior to
uctor cables
br(s) and the
increased at
tage shall be
nents where
test shall be
at the ends

or in the wire
Il be applied
here present,

and increased

at a rate not exceeding 500 V/s In aII cases, the ends of the conductor under test shall be separated from
the grounded electrode a sufficient distance to prevent corona or flashover at the ends during application
of the test voltage.

6.2.4.3 Method 3 (in air at elevated temperature)

The specimen shall be placed in the oven for the specified time and at the specified temperature. The test

shall be perfo

6.2.5 Resul

rmed as described in 6.2.4.2, while maintained at the specified temperature.

ts and calculations

Triggering of the fault indicator shall be evidence of failure.
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6.2.6 Report

The report sh

all include, as a minimum, the following:

a) test voltage;

b) test duration;

c) test temperature; and

d) test result.

6.3 Dielectric breakdown

6.3.1

This test spe]
occurs.

Scope

cifies the method for determining the voltage at which electrical breakdown of a

6.3.2 Apparatus

The apparaty

a) an
poten
b) a
analo|
of full
c) afs
d)a :I

e)a

s shall consist of the following:

isolation transformer capable of supplying a test potential of 48 to 62 Hz,

tial is continuously variable from near zero to’the breakdown voltage;

wire or cable

whose output

oltmeter having an accuracy of +5 percent, on the high voltage side of the fransformer. If

p, it shall have a response time that.does not introduce a lagging error greater t
scale at the specified rate of increase in voltage;

ult current indicator;
nk filled with tap water; and

eans of grounding;with a maximum impedance of 15 Q.

6.3.3 Preparation of specimens

6.3.3.1 Bot

6.3.3.2 In

h ends ofthe conductor shall be made bare.

rnpnring the wire for fnef, each end of the epnnimnn shall be hrmlghf outwell a

han 1 percent

ve the water

level in the tank 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.

6.3.4 Proce

dure

The wire or cable shall be immersed in water, except for the ends, for the specified time period. The test
voltage shall be applied between the insulated conductor and the grounded water electrode, and shall be
increased at a rate not exceeding 500 V/s until breakdown occurs. The ends of the conductor under test
shall be separated from the grounded electrode a sufficient distance to prevent corona or flashover at the

ends during a

pplication of the test voltage.
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6.3.5 Results and calculations

Triggering of the fault indicator shall be evidence of failure.
6.3.6 Report

The report shall include, as a minimum, breakdown voltage.
6.4 Insulation resistance

6.4.1 Scope

This test spedifies the method for determining the resistance of conductor insulation.
6.4.2 Apparatus
The apparatup shall consist of the following:

a) a megohmmeter or megohm bridge of applicable range, capable of presenting readings that are
accurate to 10 percent or less of the value indicated by thedneter, and applying a DC potential of
100 to 500 V to the insulation for 60 seconds prior to each.reading;

b) a sinusoidal or nearly sinusoidal AC source capable.ef supplying the required test potential at 48
to 62 Hz;

c) a tgnk filled with tap water, having a temperature controller capable of maintaining the water at
the reguired temperature +1 °C; if metal,-the tank shall be grounded or, if nonmetallic, it shall
contain a grounded electrode;

d) a tgmperature-measuring device.with an accuracy of +1 °C; and

e) a forced-circulation air oven in accordance with 4.2.3 (i), having insulated pushings for
connefting the specimen te the IR-measuring apparatus while the oven is closed.

6.4.3 Preparation of specimens

Specimens shall be prépared in accordance with 6.2.3 as applicable.

6.4.4 Proce1dure

6.4.4.1 Short-term insulation resistance
6.4.4.1.1 Method 1 (15 °C in water)

6.4.4.1.1.1  When determining insulation resistance at a temperature of 15 ° C, the test shall be
performed with water at any temperature from 10 to 35 °C. The specimen shall be immersed in the water
for the specified time. The water temperature variation shall remain within £1 °C for at least 30 minutes
immediately prior to the test.

6.4.4.1.1.2 The megohmmeter or megohm bridge shall be connected to the specimen and the
measurement made in accordance with the instrument manufacturer’s instructions. The insulation
resistance of the specimen shall be read after a 60 second application of a DC voltage of 100 to 500 V
between the conductor and ground.
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6.44.1.1.3

The megohmmeter or megohm bridge reading, length of specimen, and the water

temperature shall be recorded.

6.4.4.1.1.4 A retest at 15 £1 °C shall be conducted for a specimen that does not show complying test
results when the water temperature is at a different temperature.

6.4.4.1.1.5 Where specimens are connected together for the insulation-resistance test and complying
results are not obtained, the individual specimens shall be retested to determine which ones have

insulation resistances that comply.

64412 M

ethod 2 (15 °C in air)

6.4.4.1.2.1
performed a
environment

When determining insulation resistance at a temperature of 15 ° C, the
any air temperature from 10 to 35 ° C. The specimen shall be conditiong
for a minimum of 6 hours prior to testing. The air temperature variation-shall

11 °C for at I¢ast 30 minutes immediately prior to the test.

6.4.4.1.2.2

measuremer]
resistance of
between the

6.4.41.2.3
shall be reco|

6.4.4.1.2.4
results when

6.4.41.25
results are
insulation reg

6.4.4.2 Lon
6.4.4.2.1

6.4.4.2.1.1
test shall be
together with

t made in accordance with the instrument manufacturer’s instructions. T
the specimen shall be read after a 60 second applicatiah'of a DC voltage of
conductor and ground.

The megohmmeter or megohm bridge reading, length of specimen, and the ai
fded.

A retest at 15 1 °C shall be conducted for a specimen that does not show G
the air temperature is at a different temperature.

Where specimens are connected together for the insulation-resistance test a
not obtained, the individual-specimens shall be retested to determine whig
istances that comply.

g-term insulation«wesistance

Method 1 (in water)

When_determining insulation resistance at other than 15 °C (e.g., 50 °C, 75 °
performed with the tap water at the specified temperature 1 °C, which shall &
thevspecimen for the time and at the specified electrical potential. The pots

test shall be
d in the test
remain within

The megohmmeter or megohm bridge shall be connected, to the specimmen and the

he insulation
100 to 500 V

I temperature

omplying test

nd complying
h ones have

C, 90 °C), the
e maintained
ntial shall be

applied to th

H Lot 4 [T 41 . il ~H £ 5 Lot =Y 3 bait
mrouTrativiT at adit urico UuicTT uiarr wiine 1T aun IHD UT TTToutativim 1o orotdarivc drc uTl

g taken. The

test shall be performed on 2 or more specimens each having the center 15 m (50 ft) immersed in the tap
water, and sufficient additional length available at each end of the specimen outside the water for
connection to the voltage source.

6.4.4.2.1.2 The megohmmeter or megohm bridge shall be connected to the specimen and the
measurement made in accordance with the instrument manufacturer’s instructions. The insulation
resistance of the specimen shall be read after a 60 seconds application of a DC voltage of 100 to 500 V
between the conductor and ground. The readings shall be taken at 24 hours, 7 days, and every 7 days
thereafter for the duration of the test.

6.4.4.2.1.3 The megohmmeter or megohm bridge readings, number and length of specimens, and the
water temperature shall be recorded.
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6.4.4.2.2 Method 2 (in air at elevated temperature)

6.4.4.2.21 When determining insulation resistance, the test shall be performed at the specified
temperature 1 °C, which shall be maintained together with the specimen for the time and at the specified
electrical potential. The potential shall be applied to the insulation at all times other than while readings of
insulation resistance are being taken. The test shall be performed on 2 or more specimens 15 m (50 ft) in
length, with sufficient additional length available at each end of the specimen for connection to the voltage
source.

6.4.4.2.22 The megohmmeter or megohm bridge shall be connected to the specimen and the
measurement made in accordance with the instrument manufacturer’s instructions. The insulation
resistance of the specimen shall be read after a 60 second application of a DC voltage of 100 to 500 V
between the ponductor and ground. The readings shall be taken at 24 hours, 7 days, and gvery 7 days
thereafter for the duration of the test.

6.4.5 Results and calculations

The insulation resistance (IR) of each specimen shall be calculated as follows:
IR = LR F

where:

IR = calculated insulation resistance, GQ-m
L = length of test specimen, m

R, = n’[:asured insulation resistance of the\test specimen, GQ

F = temperature correction factor where applicable (see Annex E)
or
IR = [L]R F
1000 ) ¢
where:

IR = caleulated insulation resistance, MQ-1000 ft;

L = length of test specimen, ft;
R = measured insulation resistance of the test specimen, MQ;

F = temperature correction factor where applicable (see Annex E)

The insulation resistance (IR) shall be the averaged results of the specimens tested.

NOTE: Temperature correction factor "F" is not applicable to 6.4.4.2.
6.4.6 Acceptance criteria based on insulation resistance constant, k

The minimum insulation resistance (IR) at 15 °C of each length of completed cable shall be calculated as
follows:
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D
IR =k loglo[—]

d
where:
IR = insulation resistance, GQ-m (MQ-1000 ft)
k = specified insulation resistance constant, GQ-m (MQ-1000 ft)
D = diameter over insulation, mm (in)
d = diprreterunderinsulation—mm-in)
6.4.7 Report

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

a) test temperature; and

b) insplation resistance results (temperature corrected as applicable).
6.5 Capacitance and relative permittivity
6.5.1 Scope

This test detgrmines the method for measuring the change in capacitance and relative permittivity of wire
or cable insulation.

6.5.2 Appdratus
The apparatys shall consist of the following:

a) a fapacitance bridge capable of operating at a sinusoidal or nearly sinusoidall voltage at a
frequéncy of 1000 Hz'at10 V or less, or 60 Hz at 3.15 kV/ mm (80 V/mil) of insulation thickness;

b) a water tank capable of maintaining the water at the required temperature; and

c) a tgmperature-measuring device with an accuracy of £1 °C.

6.5.3 Preparation-of-specimens

Any coverings over the insulation shall be removed. Both ends of a 4.6 —5 m (15 — 16 ft) specimen shall
be made bare.

6.5.4 Procedure

6.5.4.1 The center 3.05 m (10 ft) sections of three specimens shall be immersed in tap water. The
remaining length of each end of the specimen shall be kept dry and outside the water for connection to the
voltage source. The immersion period shall be 14 days. The water temperature and the depth of
immersion of the specimen shall be kept the same whenever readings are taken.

6.5.4.2 The capacitance of the insulation shall be measured and recorded using a voltage at a frequency
of 1000 Hz or 60 Hz, by means of a capacitance bridge. When measured at 1000 Hz, the potential


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

NMX-J-556-ANCE-2021 ¢ CSA C22.2 No. 2556:21 ¢+ UL
52 2556 JUNE 3, 2021

impressed upon the insulation shall not exceed 10 V. When measured at 60 Hz, the potential impressed
upon the insulation shall result in an average stress of 3.15 kV/mm of insulation or 80 V/mil of insulation.

6.5.5 Results and calculations

The capacitance of the insulation shall be determined as the average from three specimens, after
immersion in water for durations of 1 day, 7 days, and 14 days, at the specified temperature. Each result
shall be measured to the nearest picofarad. Increases in capacitance from 1 day to 14 days and from 7
days to 14 days shall be expressed as percentages of the 1 day and 7 days values, respectively.

The relative permittivity (dielectric constant) of the insulation shall be determined after 1 day by means of
the following formula:

D
€,=41390/LxC loglog

where:

€, = re|ative permittivity
L = length of specimen immersed in water, m
C = cgpacitance in microfarads of the immersed 3050 mm (120 in) portion of the specimen

D = mgasured diameter over the insulation, mm.(ir)

d = measured diameter under the insulation,-mm (in)

6.5.6 Repo
The report shgll include, as a minimum,'the following:

a) pergent change in capacitance from 1 day to 14 days and 7 days to 14 days;
b) frequency and voltage applied:;
c) relative permittivity; and

d) water temperature.

6.6.1 Scope

This test establishes the method for determining the stability factor of insulated conductors.
6.6.2 Apparatus

The apparatus shall consist of the following:

a) a power factor bridge capable of operating at a sinusoidal or nearly sinusoidal voltage at a
frequency of 60 Hz at 3.15 kV/mm (80 V/mil) and 1.58 kV/mm (40 V/mil) of insulation thickness;

b) a water tank capable of maintaining the water at the required temperature;
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c) a forced-circulation air oven in accordance with 4.2.3(i); and

d) a temperature-measuring device with an accuracy of +1 °C.

6.6.3 Preparation of specimens

Three 4.6 — 5 m (15 — 16 ft) specimens shall be taken from an insulated conductor. Specimens of insulated
conductors shall not have a conductor separator and shall be selected before assembly. For thermoset-
insulated conductors, specimens shall be selected not less than 48 hours after extrusion and then
conditioned at 70.0 £2.0 °C (158.0 £2.6 °F) in air for 24 hours, and cooled at ROOM TEMPERATURE for 1

hour.

6.6.4 ProcJadure

6.6.4.1 The
14 days at th

6.6.4.2 The
cover for the
constant.

6.6.4.3 The
stresses of 3
result shall b

6.6.5 Resu

6.6.5.1 The
power facto
determined 4

6.6.52 Th

center 3 m (10 ft) section of each specimen shall be immersed continuously in
e specified temperature.

1 m (3 ft) end portions of each specimen shall be kept dry.above the water.
tank shall be placed directly above the surface of the water) The water level

percentage power factor of each specimen shall be measured with 60 Hz currsg
.15 and 1.58 kV/mm (80 and 40 V/mil) after 1.day and 14 days total immers
b recorded to the nearest 0.1 percent.

Its and calculations

stability factor for each specimen-shall be the numerical difference between th
s measured at 3.15 and 1.58_kV/mm (80 and 40 V/mil). The stability fa
fter 1 day, and after 14 days,\te-the nearest 0.1.

stability-factor difference’ shall then be determined for each specimen by s

stability factgr determined after 4_day from the stability factor determined after 14 days. The

difference s

Il be to the nearést 0.1.

6.6.6 Report

The report shall inglude as a minimum, the following:

tap water for

A tight-fitting
shall be kept

nt at average

on, and each

e percentage

ctor shall be

Ubtracting the
stability-factor

a) test vu:tagc;

b) stability factors; and

c) stability factor differences.
6.7 Spark
6.7.1 Scope

This procedure establishes the method for detecting electrical faults in insulations and jackets.
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6.7.2 Apparatus
The apparatus shall consist of the following:

a) a transformer having one lead of its high voltage winding grounded and capable of supplying the
necessary AC (rms) test voltage within 5 percent during the test, while the wire or cable passes
through the electrode. The limits of the frequency of the test voltage shall be 50 Hz to 4.0 kHz. A
voltage source shall not be connected to more than one electrode;

b) a transformer having one lead of its high voltage winding and the core of the transformer solidly
connected to earth ground and capable of supplying the necessary DC voltage within +5 percent
during the test, while the wire or cable passes through the electrode. The current output shall not
excee b ms or less,

unless
full vo
conne

c) an
the lik

d 5 mA. After a fault, the DC test voltage shall recover to the specified level in

610 mm (2 ft) or less of the product travels through the electrode in the time. it
tage recovery. Any ripple existent shall not exceed 1 percent. A voltage source
cted to more than one electrode;

blectrode that makes contact with the surface of the test specimen.”A pipe, coi
b shall not be used. Electrodes shall conform to the following:

1) When a link or bead-chain type of electrode is used(the bottom of the me
enclosure shall be V- or U-shaped. The chains shall-have a length appreciably
the depth of the enclosure, and the width of the frough shall be approximately
in) greater than the diameter of the largest size\of*wire that will be tested. The
and transverse spacings of the chains and‘the diameter of each bead shall
Table 11. The vertical spacing between beads in each chain shall not exceed
of a bead. See Figure 7 for staggered and-unstaggered configurations.

2) A brush-type or roller-type electrgde shall only be used for wide, flat const
electrode shall be as least as wide as the specimen being tested. The bru
brush-type electrodes shall have a length appreciably greater than the dista
the mounting means and-shall be closely spaced. The rollers of roller-type ele
be smooth, free of corrgsion, and in intimate contact with the specimen.

3) The electrode shall be provided with a grounded metallic screen or the eq
guard against contact by persons.

4) The length of the electrode shall be sufficient to allow application of the
minimum<of 9 full cycles, at the running speed and operating frequency. Ele
shall be-calculated as follows:

Maximum running speed (m/min)

takes for the
shall not be

ed spring, or

tal electrode
greater than
40 mm (1.6
e longitudinal
comply with
the diameter

ructions. The
sh bristles of
nce between
ctrodes shall

uivalent as a

voltage for a
ctrode length

< 150

L1 L L L
Liecirode ernglirt \mmt) —

Frequency (Hz)

or

Maximum running speed (ft/min) %

1.80

Electrode length (in) = F (Hz)
requency z

d) a voltmeter having an accuracy of +5 percent, to indicate the actual test voltage being applied to
the specimen at any time during the test. The voltmeter shall be visible to the operator when the
spark test operation is being performed; and

e) a device for signaling a fault in the specimen and, in addition, a means for recording or marking
the location of specimen faults or for stopping the process upon occurrence of a fault. The
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response time of the device shall result in detecting and/or registering faults spaced no further than
610 mm (2 ft) apart for any product speed.

6.7.3 Preparation of specimens

6.7.3.1

to the insulating process.

6.7.3.2

If the conductor coming from the pay-off reel is bare, the conductor shall be earth-grounded prior

If the conductor coming from the pay-off reel is insulated, an earth-ground connection shall be

made at either the pay-off or take-up reel. For 5.26 mm? (10 AWG) and smaller-sized single-conductor
cables, an earth-ground connection shall be made at both the pay-off and the take-up reels unless the

conductors

6.7.3.3 For

6.7.3.4 Ead

6.7.4 Proceédure

6.7.41 AC

6.7411 T
shall be mov

6.7412 T

Max

M

6.74.2 DC

6.7421 T
shall be mov

6.7422 T

2va haen tested for contint |i+y and found-to be of one infngral |nngfh_

other cable constructions, the outermost conductive components shall be €arth-

h earth-ground connection shall be bonded directly to the earth ground of the sp

test

he specified voltage shall be applied between thé<lectrode and ground, and
bd through the electrode.

ne maximum speed of the wire shall be determined by the following formula:

imum speed (m/ min) = (1/ 150X Frequency (Hz) x Electrode length

or

iximum speed (ft/ miny = (5/9) x Frequency (Hz) x Electrode length

test

he specified voltage shall be applied between the electrode and ground, and
ed through the electrode.

ne surface of the specimen shall be in contact with the electrode for a distance o

grounded.

ark tester.

the specimen

(rmm)

the specimen

f 125 25 mm

(51in).
6.7.5 Resu

Any electrica

Its and calculations

| breakdown of the insulation or jacket shall be detected.

6.7.6 Report

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

a) tes

t voltage; and

b) number of faults.
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6.8 Standard arcing test
6.8.1 Scope

This procedure establishes the method for determining the resistance to arcing when exposed to a
specified test flame.

6.8.2 Apparatus

The apparatus shall consist of the following:

a) a \pitage source of 1207V ac, having a capacity that enables short-cIfcuiting of jthe circuit to
cause|a 15 A fuse or circuit breaker to open;

b) a 1% A fuse or circuit breaker;

¢) an|indicator connected across the supply to indicate when voltagelis being applied to the
specimen;

d) a npn-conductive table or support;
e) a fume hood or flame test cabinet;

f) a lalboratory burner conforming to IEC 60695-11-3 that.is suitable for the calorific value of the gas
and having an inside diameter of 9.5 0.3 mm (0.375-in £0.01 in) and a length of 10D £10 mm (4
10.4 in) above the primary-air inlets or an .equivalent burner that meets the galibration or
confirration practice of IEC 60695-11-3; and

g) a gas supply obtained with one of the following fuel gases (all measured at a normal pressure of
101 kRa):

1) methane, at 98 percent minimum purity, having a heat content of 37 +1 MJ[m?® at 25 °C;
or

2) natural gas, with-a'certified heat content of 37 +1 MJ/m?® at 25 °C.

NOTE 1: Alternarle fuels, such as,propane, at a 96 percent minimum purity, having a heat content of 94 +2 MJ/m?® at 25 °C or butane,
at 99 percent mifimum purity, having a heat content of 120 +3 MJ/m? at 25 °C, may be used if a stable flame is obtaifed and the heat
evolution profile gomplies with ASTM D5207 or with IEC 60695-11-3.

NOTE 2: The bufner used is identified in ISO 10093 as ignition source P/PF2.

6.8.3 Preparation of specimens

The specimen for test shall be of any suitable length. One end shall be cut off square, care being taken
that the conductor ends are flush with the cut end of the specimen. The specimen shall be laid across the
table or support, the square cut end protruding approximately 100 mm (4 in) beyond the table edge. The
other end shall be prepared so that it can be connected to the voltage source.

6.8.4 Procedure

The test shall be carried out within the fume hood or flame test cabinet. A voltage of 120 V AC shall be
connected between the conductors of two-conductor specimen and between the circuit conductors joined
together and the grounding conductor of a three-conductor specimen. A steady flame with an overall
height of 1-1/2 inches or 38 mm with the temperature at its tip 816 °C (1500 °F) or higher as measured
using a chromel-alumel (nickel-chromium and nickel-manganese-aluminum) thermocouple shall be used.
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The tip shall be applied to a point on the specimen 13 mm (0.5 in) from the square end for a 2 minute
period, or until an arc is struck, whichever is the shorter time.

6.8.5 Results and calculations
The presence of an arc shall be determined.
6.8.6 Report

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

a) timgtoarcing, ifany, i seconds; and

b) indjcation of circuit opening, if any.
6.9 Flex arping test
6.9.1 Sco
This test establishes the method for determining the resistance to arcing’'when exposed to fleking.
6.9.2 Appdratus
The apparatys shall consist of the following:

a) a means of flexing the specimen using aflexing cycle consisting of bending the gpecimen to a
positibn 90 15 degrees from the vertical, back through 180 +5 degrees from that position, and then
back to the vertical;

b) a power supply capable of providing 120 +2 V AC and the current specified;
c) a 10 +2 V variable electricatresistive load;

d) a bushing with bracket;

e) wejghts;

f) a 24 £5 \ ac, maximum 200 mA circuit to detect conductor breakage and stqp the flexing
appafatus;sand

g) a bleached cheesecloth rlmning 221 — 368 mzlkg (1’) to 20 yrlzllh) and hn\/irg a count of
approximately 24 — 28 by 28 — 32.

6.9.3 Preparation of specimens

6.9.3.1 Specimens 1 m (3 ft) long shall be tested. Specimens shall be flexed until all of the strands in one
circuit conductor break. Flat cables shall be flexed edgewise at the bushing, not flatwise. Flexing shall be
achieved by:

a) clamping the specimen in a flexing machine so that approximately 60 cm (2 ft) of the cord is free
to hang from the clamping device (e.g., appropriate strain-relief-type bushing); the weight shall be
applied 215 mm (8.5 in) below the clamping device; and

b) applying one of the following weights to the cord, as the specimen hangs from the clamping
device on the flexing machine:
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Size ofzconductor Weight, g (Ib) £2 percent
mm* (AWG)
0.824 (18) 900 (2)
1.04 (17) 1130 (2.5)
1.31 (16) 1360 (3)
1.65 (15) 1585 (3.5)
2.08 (14) 1810 (4)
3.31(12) 2270 (5)
6.9.3.2 Aftgr one circuit conductor breaks, the flexing machine shall stop automaticelally, and the

specimen shé

discarded, ar
exhibit this de

terioration.

6.9.4 Procedure

6.9.4.1 Eac
cm (2 in) wid
specimen an
bracket moun

6.9.4.2 The
approximatel

bracket so that its axis is in a horizontal position.

Il be examined for deterioration of the insulation. If there is evidence of splitting
the insulation, or of conductor strands protruding through the insulation, such ‘specimg
d the value of the weight reduced as necessary to obtain sufficient specimen

cord shall be positioned in the bushing $o that the break in the circuit conduc
0.6 cm (0.25 in) from the front face-of the bushing. The bushing shall be s¢cured in the

or cracks in

ens shall be
5 that do not

h specimen shall be wrapped closely with four single layers of cheesecloth, approximately 5
, centered over the location of the break in the cireuit.conductor, and the comb
the cheesecloth shall then be clamped by a bushing which is then secured in @ sheet metal
ted on a nonconductive base (see Figure 8).

nation of the

or is located

6.9.4.3 Both ends of the broken circuit canductor shall be connected to a 120 +2 V AC cirfcuit in series

with a resistiv

6.94.4 The
flowing throug

e load as indicated in Figure 9.

h the circuit condugctor under test:

variable resistor shall.be adjusted so that the appropriate current from the follg

wing table is

Size of conductor, Current flowing in cord,
mm2(AWG) A
0.824 (18) 10£0.5
1.04 (17) 1310.5
+31<(16) 1t5+0-5
1.65 (15) 17 £0.5
2.08 (14) 20 +0.5
3.31(12) 30 +0.5

6.9.4.5 With the power applied, the specimen shall be gripped approximately 20 cm (8 in) from the break
in the circuit conductor. Move the specimen so that the circuit is opened and closed at a rate of 15 to 20
cycles per minute. An opening and closing of the circuit shall be considered one cycle.

6.9.4.6 The circuit shall be opened and closed for 20 cycles. If 20 cycles cannot be completed on a
specimen, because the circuit can no longer be opened and closed, that specimen shall be discarded and
the procedure repeated on a new specimen.
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6.94.7

evidenced by burning or charring of the cheesecloth, the test shall be stopped.

6.9.5 Resu

Its and calculations

If prior to completion of the 20" cycle there is perforation of the insulation due to arcing, as

Observation shall be made of the presence of perforation of the insulation, or the completion of 20 cycles.

6.9.6 Report

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

a) number of Cycles o perforatiom, it any, and .. |

cation of completion of 20 cycles.

6.10 Jacket resistance

6.10.1 Sco

This test esta

pe

blishes the method for measuring the electrical resistance-of a jacket material.

6.10.2 Apparatus

The apparaty

s shall consist of the following:

a) a megohmmeter or megohm bridge as described in 6.4.2(a) of applicable rang

prese
apply

d) me
once.

nting readings that are accurate to 10%percent or less of the value indicated by t
ng a DC potential of 500 V to the-jacket for 60 seconds prior to each reading;

ean, lint-free absorbent cloth;
ygrometer or other appropriate means of measuring relative humidity; and

tal foil strips 13 mm (0.5 in) wide and of sufficient length to encircle the sped

6.10.3 Preparation-of specimens

A specimen

1avmg Iength of at least 100 mm (4 in) shall be cut from a finished wire or cable

50 +20 perce

e, capable of
he meter, and

imen at least

and tested at

length of the

specimen shall be W|ped W|th a soft clean lint-free, absorbent cloth. After W|p|ng there shall be no contact
with the center 50 mm (2 in) portion of the specimen. Two strips of metal foil shall then be wrapped snugly
around the specimen center, with the strips separated by a distance of 13 +1 mm (0.5 £0.040 in). The
jacket between the strips shall not be contacted during application of the foil or during the remainder of the
test. The foil strips shall be secured and terminated to allow connection to the megohmmeter or megohm
bridge.

6.10.4 Procedure

Each of the foil strips shall be connected to a megohmmeter or megohm bridge. The reading shall be
taken immediately after 500 V DC has been applied to the specimen for 60 seconds.
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6.10.5 Results and calculations

The measured resistance shall be recorded.

6.10.6 Report

The report sh

all include, as a minimum, measured resistance value.

6.11 AC leakage current test through insulation

6.11.1

Scope

This test esta

blishes the method for measuring the AC leakage current through insulation:

6.11.2 Apparatus

The apparatu
a)a 11
b)are

c) avq

5 shall consist of the following:

PO VV AC power supply, 48 to 62 Hz;
sistor of known value +1 percent accuracy;

[tmeter having an accuracy of £5 percent or better; and

d) metal foil.

NOTE: It is conV]
readings are nun

enient to have a known resistor of 1000 Q angd:the voltmeter to read in millivolts because, in such
erically equal to the current flow in microamperes per 3 m (10 ft).

6.11.3 Preparation of specimens

6.11.3.1 Pa

A specimen
complete turr

t1

B m (10 ft) in length shall be cut from finished wire or cable and formed int
s and placed onja non-conductive surface. One end of the specimen shall be

case, the meter

p a coil of 2
cut flush and
bnnection.

perpendiculaf to its axis, and ‘at the other end, all conductors shall be prepared for electrical ¢
6.11.3.2 Part2
A specimen B m (10 ﬁ) in length shall be cut from finished wire or cable The entire len

gth shall be

straightened and tightly wrapped with metal foil and placed on a non-conductive surface. One end of the
specimen shall be cut flush and perpendicular to its axis, and at the other end, the grounding conductor
shall be cut off flush with the jacket and the circuit conductors shall be prepared for electrical connection.

6.11.4 Proc

6.11.4.1

edure

Part 1

The circuit conductors and the grounding conductor of the specimen described in 6.11.3.1 shall be
connected to a 120 V AC power supply with the resistor in series. See Figure 10. The voltmeter shall be
connected across the resistor. The circuit conductors shall be energized separately and the voltmeter
reading recorded for each.
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6.11.4.2 Part2

The circuit conductors of the specimen described in 6.11.3.2 and the metal foil shall be connected to a 120
V AC power supply with the resistor in series. See Figure 11. The voltmeter shall be connected across the
resistor. The circuit conductors shall be energized separately and the voltmeter reading recorded for each.

6.11.5 Results and calculations

The leakage current from each circuit conductor of both specimens shall be calculated by dividing the
voltmeter reading by the known resistor value.

-y
LY

6.11.6 Rep,

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

a) volfmeter readings from each circuit conductor of each specimen tested;

b) value of known resistor used; and

c) calgulated leakage current values for circuit conductors from both specimens.
6.12 AC leakage current test through jacket

6.12.1 General
This test establishes the method for measuring the AC teakage current through jacket.
6.12.2 Apparatus

The apparatys shall consist of the following:

a) a gjrcuit breaker;

b) an
poten

c) a
analo

isolation transformer capable of supplying a test potential of 48 to 60 Hz,
tial is continuously variable from near zero to at least the specified rms test pote

g, it shall-have a response time that does not introduce a lagging error greater t

whose output
ntial;

oltmeter-having an accuracy of £5 percent, on the high voltage side of the transformer. If

han 1 percent

of fulllscale at the specified rate of increase in voltage;

d) current meter or other means of indicating an rms current of 70 mA flowing in the test circuit; and

e) metal foil.
6.12.3 Preparation of specimens

A specimen having a length of at least 600 mm (2 ft) shall be cut from a finished wire or cable and tested at
50 + 20 percent relative humidity and at ROOM TEMPERATURE and placed on a non-conductive surface. The
center 150 mm (6 in) of the outside of the specimen shall be wrapped tightly with the metal foil.

6.12.4 Procedure

An rms potential of 1500V shall be applied between all of the conductors and any shield (s) connected
together and the metal foil connected to ground. The applied rms potential shall be increased from near
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zero at an essentially uniform rate that results in 1500V being applied in 30 seconds. The potential shall be
held constant at 1500V for 60 seconds and shall then be reduced to near zero at the rate mentioned

above.

6.12.5 Results and calculations

The maximum rms current through the jacket shall be recorded while the test potential is being increased,
held or decreased.

6.12.6 Test
The report sh
6.13 Resist
6.13.1 Sco

This test est]
bonding cond

6.13.2 App
Equipment sh

a)aV
provid
trough
the vg

Figurg

b) a
resistg

Report

id

nce of armor

pe

blishes the method for determining the resistance of the\finished armor,
uctor, of armored and metal-clad cable.

aratus
all include the following:

shaped wooden trough having a cross-segtional area sufficient to contain the s
ed with stud-type connectors securediin a metal plate fastened across eac
. The connectors shall be sufficientlydarge to be secured to the armor of the sy
rtical centerlines of the connectors shall be spaced a distance of 3 m (10 fi
| 12); and

nce to be read.

6.13.3 Preparation of specimens

A cable speci
trough, and s
be clamped ;5
made to remg

men approximately 3.5 m (11.5 ft.) in length and with the armor in place shall be
hall be allowed to lie freely without any tension. The specimen, without kinks of
ecurely in the connectors. In the case of armor having a color coating, no €
ve or’'scrape through the coating before or during the resistance measurement.

ncluding the

pecimen and
h end of the
ecimen, and
.) apart (see

esistance bridge having~a.range of 0.001 — 11 Q and accurate within 2 pg¢rcent of the

placed in the
bends, shall
ffort shall be

6.13.4 Procedure

Connection from the bridge to the specimen shall be made through leads of very low resistance connected
to the trough end plates. The resistance of the armor shall then be read directly in ohms.

6.13.5 Results and calculations

The resistance of the armor shall be recorded.

6.13.6 Report

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


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 63

a) cable description; and

b) resistance reading.
7 Mechanical Tests for Finished Wire and Cable
7.1 Fall-in of extruded materials
7.1.1 Scope

This test establishes the method for determining the penetration of extruded material into a stranded
conductor.

7.1.2 Appdratus
The apparatys shall consist of a wire brush.
7.1.3 Preparation of specimens

A 75 mm (3[in) length of the insulation shall be stripped from a sample length of the finighed stranded
conductor, and the outer surface of the conductor shall be cleanedwith a wire brush to remgve the visible
extruded maferial. The outermost strands shall then be peeled back.

7.1.4 Procedure

Where the qutermost strands are peeled back, thé conductor shall be examined for thg presence of
extruded maferial among the strands, with NORMALVISION.

7.1.5 Resujts and calculations

The presence of extruded material among the strands shall be determined.
7.1.6 Repdrt
The report shall include,as'a minimum, report of the presence of extruded material, if any.

7.2 Heat shock

7.21 Scope

This test establishes the method for determining the ability of wire or cable to withstand thermo-
mechanical stress.

7.2.2 Apparatus
The apparatus shall consist of the following:

a) a forced-circulation air oven in accordance with 4.2.3(i);

b) a temperature-measuring device with an accuracy of £1 °C;


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

64

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

JUNE 3, 2021

¢) cylindrical mandrels of specified diameters. 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; and

d) a micrometer or micrometer caliper with a resolution and accuracy of 0.01 mm (0.001 in).

7.2.3 Preparation of specimens

The specimen shall be cut to a length sufficient to allow winding around the mandrel for the specified
number of turns.

7.2.4 Procedure

7241 Eadg

specimen shg

7242 The
temperature s

7.2.4.3 Aftgr conditioning, the assembly shall be removed frem the oven and cool

TEMPERATURE
VISION.

7244
apart, and th
present.

h specimen shall be tightly wound around a mandrel having the specified, dia
specified nunmber of turns. Successive windings shall be in contact with one another, and bot

Il be held securely in place.

meter for the
n ends of the

assembly of the mandrel and specimen shall be placed in the oven for the tinje and at the

pecified.

the mandrel removed, and the specimen examined on the outside surface

If ciflcumferential depressions are observed, the specimen shall be split twice longit
b inside surface of the extruded layer shall ‘be examined to determine if intern

7.2.5 Results and calculations

The presence
7.2.6 Repo
The report sh

a) test

b) test

=3

of cracks shall be determined.

bl include, as aminimum, the following:

temperature;

duration; and

ed to ROOM
with NORMAL

udinally 180°
al cracks are

¢) indication of cracks.

7.3 Heat shock resistance

7.3.1 Scope

This test establishes the method for determining the ability of wire or cable to withstand thermo-
mechanical stress followed by unwinding.

7.3.2 Apparatus

The apparatus shall consist of the following:

a) a forced-circulation air oven in accordance with 4.2.3(i);
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b) a temperature-measuring device with an accuracy of £1 °C;

c¢) cylindrical mandrels of specified diameters. 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; and

d) a micrometer or micrometer caliper with a resolution and accuracy of 0.01 mm (0.001 in).
7.3.3 Preparation of specimens

The specimen shall be cut to a length sufficient to allow winding around the mandrel for the specified
number of turns.

7.3.4 Procldure

7.3.4.1 Eagh specimen shall be tightly wound around a mandrel having the specified digmeter for the
specified number of turns. Successive windings shall be in contact with one anoéther, and both ends of the
specimen shpall be held securely in place.

7.3.4.2 Thg assembly of the mandrel and specimen shall be placedAn. the oven for the tine and at the
specified temperature.

7.3.4.3 After conditioning, the assembly shall be removed from the oven and codled to ROOM
TEMPERATURE. A dielectric test, when specified, shall be conducted in accordance with 6.2, Nlethod 1. The

specimen shall then be unwound from the mandrel and,examined on the outside surface| with NORMAL
VISION.

7.3.4.4 If circumferential depressions are observéd, the specimen shall be split twice longitudinally 180°
apart, and the inside surface of the extruded layer shall be examined to determine if interrjal cracks are
present.

7.3.5 Resufts and calculations

The presence of cracks shall beldetermined.
7.3.6 Repdrt
The report shall include, as a minimum, the following:

a) test temperature;

b) test duration; and

c¢) indication of cracks.
7.4 Shrinkback
7.41 Scope

This test establishes the method for determining resistance to longitudinal shrinkage of conductor
insulation in water.
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7.4.2 Apparatus

The apparatu

s shall consist of the following:

a) a tank filled with tap water, having a temperature controller capable of maintaining the water at
the required temperature 3 °C;

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

¢) a micrometer caliper or optical micrometer microscope with a resolution and accuracy of 0.01
mm (0.001 in).

7.4.3 Prepdration of specimens

A5m (16 ft)

ength of solid conductor shall be formed into a loose coil of approximatély, 300

diameter. Carje shall be taken not to have any kinks or sharp bends throughout the-cail.

7.4.4 Procedure

7441 The
the wire supp
ends shall be

7442 Afte
while the coi
length shall b

74.4.3
shall be conti
measured.

coil shall be immersed in water at 90 £3 °C with 100 to 140 mm (4 to 4.4 in) o
pried out of the water. Care shall be taken to minimize‘gontact with the walls of
trimmed flush within 1 minute following immersion,

r 24 hours of immersion, the length of conductor exposed at each end shall

e from the start of the cut caused by the cutting tool to the insulation.

If after 24 hours, the exposed conductorlength at either end exceeds 3 mm (0.12

7.4.5 Results and calculations

The lengths O
7.4.6 Repo

The report sh

f exposed conductor at each end of the coil shall be recorded.
it

bll inelude, as a minimum, lengths of exposed conductor on each end.

ed insulated conductor is still immersed inthe tank. Measurement of exposs

mm (12 in) in

each end of

he tank. The

be measured
ed conductor

in), the test

hued for an additional 6 days, and'the exposed conductor length at each end of the specimen

7.5 Shrinkb

| PP
"a\lr\ mran

7.5.1 Scope

This test establishes the method for determining resistance to longitudinal shrinkage of conductor
insulation in air.

7.5.2 Apparatus

The apparatus shall consist of the following:

a)afo

rced-circulation air oven in accordance with 4.2.3(i); and
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b) a micrometer caliper or optical micrometer microscope with a resolution and accuracy of 0.01
mm (0.001 in).

7.5.3 Preparation of specimens

Immediately before testing, 200 mm (8 in) specimens shall be cut from the center of a 1.5 m (60 in) length
of insulated conductor and then reduced to 150 mm (6 in) by trimming each end of the specimen. For a
coaxial cable with a skin over the insulation, the skin shall not be removed.

7.5.4 Procedure

Specimen(s . Trrtength-shatt-be ced-orna-feltbe y sheateq talc or glass
beads in a cifculating-air oven as described in 7.5.2(a) for 1 hour at the specified temperatufe. At the end
of the conditloning period, the specimen shall be allowed to cool to ROOM TEMPERATURE Y The shrinkback
shall be meapured at both ends of the conductor.

7.5.5 Resu|ts and calculations
The total lengith of exposed conductor shall be determined by summing the-measurements of| shrinkback.
7.5.6 Repadrt
The report shall include, as a minimum, the sum of the lengths-of exposed conductor.
7.6 Cold bend

7.6.1 Scope

This test establishes the method for determining the resistance to cracking of wire or cablg components
during bending at low temperature.

7.6.2 Appdratus
The apparatys shall consistofjthe following:

a) a low-temperature chamber capable of maintaining the specified temperature within 1 °C;

b) a t¢mperature-measuring device with an accuracy of £1 °C;

C) a niCrometer or micrometer catiper witira resofution and accuracy of 0.0 Tmm(0:001 in);

d) cylindrical mandrels of diameters specified in the product standard. 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;

e) thermally insulated gloves; and

f) xenon arc light apparatus as described in 4.2.3(h).
7.6.3 Preparation of specimens

The specimen shall be cut to a length sufficient to perform the test and shall be straightened. The
specimen for cold bend after weather resistance shall be a minimum of 0.4 m (15.7 in) in length and shall
be straightened.
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7.6.4 Procedure

7.6.4.1 The specimen and the mandrel shall be placed in the cold chamber at the temperature and for
the specified duration. While still in the chamber, the specimen shall be bent around the mandrel. Bending
shall commence as quickly as possible and at a rate such that the time taken to complete the specified
number of turns shall be within 30 seconds. Flat cable shall be wound on its flat side.

7.6.4.2 Where there is insufficient space in the cold chamber for the mandrel, or for bending the
specimen, bending of the specimen shall be allowed to take place outside of the cold chamber. Bending of
the specimen shall commence as quickly as possible. In the instance where the mandrel is too large to be
placed in the chamber, it shall be maintained at ROOM TEMPERATURE. In any case, bending shall be
completed within 30 seconds from the time the chamber is opened

7.6.4.3 If th¢ tension on the specimen is not specified, it shall be just sufficient to cause thel specimen to
conform to the periphery of the mandrel. Unless rotation of the mandrel is performed temotely, the
specimen and mandrel shall be handled using thermally insulated gloves.

7.6.4.4 Thel|specimen, whether on or off of the mandrel, shall be allowed to return to ROOM TEMPERATURE

and then strajghtened. The inside and outside surfaces of the components.shall be examined|with NORMAL
VISION for cragking.

7.6.5 Conditioning of specimens
7.6.5.1 As-received (unconditioned) specimens

The apparatys and procedure outlined in 7.6.2 — 7.6.4.shall apply to determinations of the fesistance to
cracking of wjre and cable components during bending at low temperature when tested in the as-received
condition.

7.6.5.2 Wegther (sunlight) resistance

Where the prpduct standard requires a“cold bend after weather resistance exposure, samplés of finished
cable shall Qe tested as described in 4.2.8.5. Following the exposure and during the pending, the
conditioned sprface shall be opposite to the surface contacting the mandrel.

7.6.6 Results and calculations

The presencq of cracks, if any, shall be noted.

7.6.7 Report

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

a) type and duration of conditioning exposure, if any
b) cold bend test temperature;
c¢) cold bend test duration; and

d) indication of cracking, if any.
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7.7 Cold impact

7.71

Scope

This test establishes the method for determining the resistance to cracking of wire or cable components
when subjected to an impact at low temperature.

7.7.2 Appa

ratus

The apparatus shall consist of the following:

a)al

b) a t¢mperature-measuring device with an accuracy of £1 °C;

c) an
const

face ¢f the impact mass perpendicular to the specimen at impact. The“impact appa

provig

d) a metallic impact mass of 1.36 -0, +0.03 kg (3 -0, +0.06 Ib), with a flat steel ir
um thickness of 13 mm (0.5 in) and a diameter of 25 -0.5, +0 mm (1 -0.04,

minin
round
e) wo

mm (
condd

7.7.3 Preparation of specimens

Ten specime]
and placed i
duration of 4

7.7.4 Procedure

7.74.1 The
above the up

impact apparatus with a means to guide and permit the impact mass to fall
raints for a minimum of 915 mm (36 in). The apparatus shall be-capable of m

ed with a locking mechanism that permits release from the spécified height (seq

ed edges; and

pd anvils of nominal cross-section of 90 x 40 mm (3.5 x 1.5 in) and a minimum

cted using spruce.

ns shall be cut to a length of 130 6 mm (5 £0.25 in). The specimens shall bg
n the cold chamber, along,with the wood anvils at the specified temperature f
hours.

impact n1ass shall be secured with its face at a height of 915 -0, +18 mm (3
per surface of the specimen.

7.74.2 Aftefr conditioning, one wood anvil shall be fastened to a solid support that will n

freely without
pintaining the
ratus shall be
Figure 16);

npact face of
+0 in), with

length of 200

B in) cut from spruce, pine, or encino (Hely~Oak). If a failure occurs, a refere¢ test may be

straightened
Dr @ minimum

6 -0, +0.7 in)

pt absorb the

impact.

7.7.4.3 One conditioned specimen shall be centered in the impact area, and in the direction of the grain
of the wood anvil. For specimens that are not circular, the flatter side shall be impacted. Specimens shall
not be placed within 25 mm (1 in) of any imperfections or knots present in the wood anvil.

7.7.4.4 The impact mass shall be released to impact on the specimen. If the test is performed outside the
low-temperature chamber, this shall be completed within 15 seconds after removal of the specimen from

the chamber.

The weight shall only strike the specimen once.

7.7.4.5 The impact mass shall be raised and secured for another test. The procedure described in
7.7.4.3 and 7.7.4.4 shall be repeated on the remainder of the 10 specimens. The entire procedure

described in 7.7.4.2 — 7.6.4.4 shall be completed within 3 minutes.
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7746 Ana

nvil shall not be used to test more than one series of 10 specimens.

7.7.4.7 The specimens shall be allowed to rest for a minimum of 1 hour at ROOM TEMPERATURE and then
examined for cracks, ruptures, or other damage to all surfaces of the nonmetallic components of the cable.

The examinat

ion shall be made with NORMAL VISION.

7.7.5 Results and calculations

The number of specimens exhibiting cracks, ruptures, or other damage, if any, shall be recorded.

7.7.6 Report

The report sh

a) test

b) test

¢) number of specimens showing cracks, ruptures or other damage.

7.8 Deform

7.8.1 Scope¢

This test esta
or jacket at el

7.8.2 Appa
The apparatu

a)afo
b) a te

c) ad
diame
and w
0.25 1
thickn

ption

bl include, as a minimum, the following:

temperature;

duration; and

blishes the method for determining the resistance to deformation of wire or ca
bvated temperatures.

atus
5 shall consist of the following;

rced-circulation air oyen, in accordance with 4.2.3(i);
mperature-measuring device with an accuracy of +1 °C;

ial micrometer having flat surfaces on both the anvil and the end of the s
fer of 6.4.+02 mm (0.25 £0.01 in), and that exerts a force of 0.83 +0.03 N (0.187
th a reselution and accuracy of 0.01 mm (0.001 in) for measured thickness of]
hm~(0,010 in), and with a resolution and accuracy of 0.001 mm (0.0001 in) f

ble insulation

pindle with a
+0.0067 Ibf)
greater than
pr measured

pss/of 0.25 mm (0.010 in) or less. Alternatively, for the initial thickness meas

Lrement of a

specimen in strip form, use of a dial micrometer as described in 4.2.3(e) may be used; and

d) a weight as specified in the product standard. The end of the weight intended to bear upon the
specimen shall have a flat foot with a diameter of 9.5 mm (0.375 in), edges slightly rounded, and be
mounted in a frame so as to provide free vertical movement (see Figure 13).

7.8.3 Preparation of specimens

Specimens shall be taken from wire, cable or cord, finished or during manufacture. The specimens shall
be nominal 25 mm (1 in) in length and, where required, shall be either in the as-received form with
coverings, if any, removed or left in place as required, or in a smoothed strip form with a maximum width of
14 mm (0.56 in) and having uniform thickness of less than or equal to 1.5 mm (0.06 in). When a specimen
with a width of less than 9.5 mm (0.375 in) is used and the results do not comply with the requirements,
the test results shall be discarded and the test shall be repeated with a wider specimen. Smoothed strip
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shall be prepared using the apparatus described in 4.2.3 (j), (k), or (I). When testing the specimen in the
as-received form, the diameter of the bare conductor shall be measured in accordance with 3.1, on an
adjacent section of the conductor, taken at not more than 150 mm (6 in) from the end of the specimen.

7.8.4 Procedure

7.8.4.1 The test specimen shall be marked at the position where the foot of the weight is to bear on the
specimen. At this marked position, the initial thickness of an as-received specimen shall be determined as
described in 4.1.4.2.2, using a dial micrometer as described in 7.8.2, except that only one measurement
shall be taken at the marked position. The initial thickness of a smoothed specimen shall be measured
directly using a dial micrometer as described in 7.8.2. Thicknesses of smoothed specimens or of insulation

on as-receiv

d specimens greater than 0.25 mm (0.010 in) shall be measured to an accura

y of 0.01 mm

(0.001 in). |
(0.0001 in).

7842 Th
temperature
specimen sh
under test un

7.8.4.3 Att
Within 15 se
described in

7844 In
collapsed, st
testing requi
which fits sn

hicknesses of 0.25 mm (0.010 in) or less shall be measured to an accuracy

b test apparatus and the specimen shall be conditioned in the ajr‘oven at
for 1 hour unless otherwise specified. At the end of this time,While still in

of 0.001 mm

the specified
he oven, the

all be placed under the foot of the weight at the marked position. The specimen shall remain

der these conditions for 1 hour unless otherwise specified.

ne end of this time, the specimen shall be carefully removed from under the foot
conds of removal, the thickness at the marked position shall be measured usin
7.8.4.1.

he event that a specimen with stranded_conductors or with members that
ch as fibers or air-gap coaxial cable, whenp tested in the as-received form doeg
ments of the product standard, the cere may be removed and replaced by a s

e
]Agly, and the test repeated.

7.8.4.5 Evidlence of splitting, cracking throeugh, and exposed conductor shall be noted.

7.8.5 Results and calculations

The percent

Heformation shall(be calculated from the following formula:

(h— 1)

1

x 100

of the weight.
g the method

can easily be
not meet the
blid conductor

where:
T, = thickness before test, mm (in)
T, = thickness after test, mm (in)
7.8.6 Report

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

a) test temperature;

b) test duration;

c) percent deformation;
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d) splitting and conductor exposure, for insulated conductor specimen; and

e) splitting and cracking through, for smoothed strip specimen.

7.9 Hot creep elongation and hot creep set

temperature

7.9.1 Scope
This test establishes the method for determining the hot creep elongation and hot creep set after exposure
to elevated temperature.
7.9.2 Apparatus
The apparatuf shall consist of the following:
a) the fapparatus as described in 4.2.3 (c), (e), (f), (j), (k), (1), (m), (n), and (p);
b) a girculating air oven in accordance with 4.2.3 (i), for temperature Vvariation and
fluctuation only;
c) a tept fixture as shown in Figure 14, having the following characteristics:

d) a sq

7.9.3 Preparation of specimens

7.9.3.1 Thrg
or from the W
shall be teste

7.9.3.2 For
prepared in a

1) upper gripping assembly capable of suspendingthe specimen vertically; and
2) unrestrained lower gripping assembly capable of supporting a weight; and

ale for measuring elongation, calibrated with divisions of 1 mm (0.1 in).

e specimens shall be prepared-from a sample of insulation taken from finished
ire or cable during manufacture. Any jacket or covering shall be removed. O
 and the other two specimens shall be held in reserve.

conductor sizes. up to and including 8.37 mm? (8 AWG), a tubular specin
ccordance with'4+2.4.2.2. The specimen shall not be cut longitudinally.

7.9.3.3 For

insulation. A

sectional are(F

conductor'sizes larger than 33.6 mm? (2 AWG), a die-cut specimen with a u
not-greater than 16 mm? (0.025 in?) between the benchmarks shall be prepa
iesCut specimen shall be prepared in accordance with 4.2.4.2.3.

wire or cable,
he specimen

hen shall be

hiform cross-
red from the

7.9.3.4 For conductor sizes 13.3 to 33.6 mm? (6 to 2 AWG), a tubular or die-cut specimen shall be

allowed.

7.9.4 Procedure

7.9.41

7.9.4.11

General

7.9.4.1.2 The total weight (W,) shall be calculated as follows:

W, = cross-sectional area (mmz) x 20.4 (gf/ mmz)

The cross-sectional area of the specimen shall be determined in accordance with 4.2.5.1.
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or
W, = cross-sectional area (in?) x 29.0 (Ibf/in?)
where:

W, = total weight, including gripping assembly and weights added to the lower gripping assembly,
gf (Ibf)

7.9.4.1.3 An as-received specimen shall be marked with benchmarks 25 +2.5 mm (1 +0.10 in) apart.
These benchmarks shall be at right angles to the direction of pull in the testing machine and as narrow as

possible, to f
7.9.4.2 Hot

79421 W

79422 O
The lower g
between the

79423 T
to 150 +2 °C

79424 A
the benchma
mm (0.1 in).

7.9.4.3 Hot

79431 T
testin 7.9.4.7

79432 W
from the spe

specimen sh

79433 T

Acilitate measurement. The specimen shall be completely at rest while being ma
creep elongation
eight (W,) as determined in 7.9.4.1.2 shall be added to the lower gripping assen]

ne end of the specimen shall be attached to the upper gripping assembly of th
fipping assembly shall then be attached to the other end of the specimen.
gripping assemblies shall not be greater than 100 mm (4 in).

ne test fixture with the attached specimen shall be placed in the circulating-air oy

rks shall be measured with the scale;-This distance (D,) shall be recorded to

creep set

he hot creep set test shall’'be performed on the same specimen as the hot cre
. The test shall be made immediately following the hot creep elongation test.

ithout removing-the specimen from the oven, the lower gripping assembly sha
cimen. Theoven door shall be closed immediately to minimize cooling of the s
Bl remainiin the oven for 5 minutes.

he'specimen shall be removed from the oven and test fixture and left at ROOM

rked.

bly.

e test fixture.
The distance

en preheated

fter 15 minutes, while still in the oven and'with the weight still attached, the distance between

the nearest 1

ep elongation

| be removed
becimen. The

TEMPERATURE

for at least 1

Quir

7.9.4.3.4 The distance (Dg) between benchmarks shall be measured to the nearest 1 mm (0.1 in) and
recorded using the scale.

7.9.5 Resu

7.9.5.1

where:

Its and calculations

The hot creep elongation shall be calculated as follows:

o 100 x (D, - G)
B G
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C = hot creep elongation, percent

D, = distance between the benchmarks obtained in 7.9.4.2.4

G = original distance between the benchmarks

7.9.5.2 The hot creep set shall be calculated as follows (the result can be positive or negative):

. 100 x (D, — G)
B G

where:
S =ha
Ds=d
G =of
7.953 |Ifth
requirements
hot creep set
7.9.6 Repo
The report sh
a) hot

b) hot

7.10 Abras

7.10.1 Scope

This test esta

t creep set, percent
stance between the benchmarks obtained in 7.9.4.3.4

ginal distance between the benchmarks

e specimen does not comply with either the specified hot ereep elongation or
each test shall be repeated on the two reserved specimens. The hot creep el
values shall be determined from the averages of thejthree specimens.

t
bl include, as a minimum, the following:

creep elongation, percent; and

creep set, percent.

on resistance

blishes thesmethod for determining resistance to abrasion.

7.10.2 Apparatus

hot creep set
bngation and

The apparatu

strattconsistof thefottowing:

a) a horizontally reciprocating mechanism (simple harmonic motion) having a travel length of 160
8 mm (6.25 £0.31 in) that cycles at 28 +1 cycles/min (See Figure 15 — equipment design and
dimensions are typical, but not required). One cycle consists of one complete back-and-forth
motion;

b) a weight as specified by the product standard;

¢) an abrading medium consisting of 100 — 120 grit emery cloth;

d) a non-rotating cylindrical surface, minimum 90 degree arc with a radius of 89 +0.9 mm (3.5
+0.035 in); and

e) a counting device to record the number of cycles.
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7.10.3 Preparation of specimens

Six straight specimens shall be taken from a sample of finished wire or cable, or from the wire or cable
during manufacture. Each specimen shall be 1 m (40 in) in nominal length, and tested without any

conditioning.

7.10.4 Procedure

7.10.4.1

ROOM TEMPERATURE throughout the test.

71042 O

The test apparatus and the specimens shall be in thermal equilibrium with the surrounding air at

ile it is at one

end of its tra
standard. E3
have an unt
cylinder shal

7.104.3 TH
and-forth mq
stopped eve
cycles each

7.10.4.4 E{4
7.10.4.5 E{4
7.10.5 Res

Exposure of

e end of each snecimen-shall be attached to the reciprocatina mechanism-wh
= ™ N~

vel. The other end of each specimen shall be attached to a weight as defined
ch specimen shall be laid over the quarter cylinder. The outer surface of\the
sed sheet of emery cloth, as described in 7.10.2, attached. The longitudin
be horizontal, and perpendicular to the test specimens in each of the vertical pl

y 50 cycles and the emery cloth shall be shifted slightly-to one side so that i
specimen is abraded by a fresh surface of emery cloth.

ch specimen shall be abraded for the specified number of cycles.
ch specimen shall be examined for exposure’of the conductive material.
ults and calculations

he conductor on any of the 6 specimens shall be determined.

7.10.6 Repport

The report sh
7.11 Crush
7111 Sco

This test spe

all include, as a minimum, exposure of conductor, if any.
resistance
pe

Cifies the method for determining resistance to crushing.

]

e reciprocating mechanism shall be started. Each cycle shall.consist of one cq
tion with a stroke of 160 +8 mm (6.25 +0.31 in). The reciprocating mechapism shall be

n the product
cylinder shall
| axis of the
nes.

mplete back-

h subsequent

711.2 App

aratus

The apparatus shall consist of the following:

a) a power-driven compression machine provided with a device to measure and indicate the
compression force at rupture accurate to 2 percent or less of the value read. The machine shall be
capable of operating at a power-actuated jaw speed of 10 £1 mm/min (0.5 £0.05 in/min);

b) two flat steel plates 50 mm (2 in) wide, and a length of at least 2 times OD of the cable under

test;

c) a 19 mm (0.75 in) diameter solid steel drill rod of the same length as the plate, and the length
shall be at least 2 times OD of the cable under test; and
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d) a power supply 30 V DC or less, with a means of indicating contact between the conductor and
the steel plate or drill rod.

7.11.3 Preparation of specimens

7.11.3.1

The test specimen shall be taken from a sample of finished wire or cable, or from the wire or

cable during manufacture without any conditioning. The specimen shall be a minimum of 2500 mm (100
in) in length. One end of the conductor shall be made bare.

7.11.3.2 The bare end of the specimen shall be connected to one side of the power supply. Both plates
shall be connected to the other side of the power supply.

7114 Procledure

7.11.41

711411 B
axes of the p
be in thermal

711412 T
mm (2 in) di

specimen. T
indicator sign

711413 T

The procedure shall be repeated at nine additionaltest points evenly spaced along the speq

These points
specimen.

7.11.4.2 Method 2 (drill rod and plate; for round cable and flat cable)

For round ca
described in ]
to the 50 mm|
so that the ro
successive s
that the rod is

Method 1 (two steel plates)

ach steel plate shall be mounted horizontally in the compression|miachine. Thq
ates shall be in the same vertical plane. The specimen, apparatus, and surroun
equilibrium at ROOM TEMPERATURE.

ension. The upper steel plate shall be lowered until Contact is made with the g
e downward motion of the plate shall then be\continued at the specified
bls contact.

he force indicated by the compression machine at the moment of contact shall

shall be at least 250 mm (10 in) -apart, and at least 125 mm (5 in) from eith¢

ble, the test shall _be: performed as described in 7.11.4.1, except that a solid

e longitudinal
ding air shall

he first test point on the specimen shall be centered.onthe lower plate and parallel to the 50

urface of the
ate until the

be recorded.
imen length.
er end of the

steel rod as

.11.2 shall be belted or otherwise secured along the centerline of either plate, ¢
(2 in) dimension: For flat cable the specimen shall be mounted with its flat siz

pbecimen~shall be rotated about its longitudinal axis 180° from the previous sp
in contact with alternate flat sides of the specimens.

erpendicular
horizontal,

s
 contacts-{he flat side of the cable, at right angles to the specimen's Iongitudin}l axis. Each

cimen, such

71143 Me

7.11.4.31

thod-3(two-steelplates-for-flat-cable)

(Horizontal orientation)

The test shall be performed as described in 7.11.4.1. The specimen shall be mounted with its flat sides
horizontal so that the plates contact the flat sides of the specimen.

7.11.4.3.2 (Vertical orientation)

The test shall be performed as described in 7.11.4.1, except that the specimen, with its axis horizontal and
its flat sides vertical, shall be gripped at points 75 mm (3 in) to each side of the section of the specimen to
be crushed and manually twisted by turning each side of the specimen 90 degrees in opposite directions.
The flat sides thus remain vertical at the midpoint (section to be crushed). Half of the specimens shall be
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twisted in the clockwise direction about the axis, and the remaining specimens shall be twisted in the
counterclockwise direction. The vertical flat plates of the specimens shall be at the center of the plates.

7.11.5 Results and calculations

The average

7.11.6 Rep

of the ten results shall be calculated.

ort

The report shall include, as a minimum, individual and average compression forces at contact.

7.12 Impad

7121 Sco

This test spe
impacted by

tresistance

pe

cifies the method for determining the impact resistance of insulation’ and/or ¢
b free-falling mass.

7.12.2 Apparatus

The apparaty

a) an
const

s shall consist of the following:

impact apparatus with a means to guide and.permit the impact mass to fall
Faints for a minimum of 610 mm (24 in) (see,Figure 16). The apparatus shall

main

ining the face of the impact mass perpendicular to the specimen at impac

appaijatus shall be provided with a lockingtmechanism that permits release from
height;

b) a gteel impact mass of 0.454 -0, *0.009 kg (1 -0, +0.02 Ib), 38 -1, +0 mm (1.5 -(

diam

c) an
mm (¢

d) ap
mass

ter, and nominally 51 mm (2-n) in length, with rounded edges;

mpact anvil consisting. of-a solid rectangular block of steel nominally 200 mm (8
b in) wide and 105 mm.(4.125 in) high, secured to a rigid support; and

ower supply 120,V AC, capable of indicating contact between the conductor a
or anvil. The ¢ircuit shall trigger and maintain the signal on any momentary cont

7.12.3 Preparation-of specimens

cimen shall be taken from a sample of finished wire or cable, or from the wire o

bvering when

freely without
be capable of
. The impact
the specified

.03, +0 in) in

in) long, 150

hd the impact
ACt.

The test spe

[ cable during

manufacture without any conditioning. The specimen shall be a minimum of 2500 mm (100 in) in length.
One end of the conductor shall be made bare.

7.12.4 Procedure

7.12.41

equilibrium at ROOM TEMPERATURE.

The specimen, the anvil, the weight, and the remainder of the test equipment shall be in thermal

7.12.4.2 The bare end of the specimen shall be connected to the live (hot) side of the power supply. The
impact apparatus and the anvil shall be connected to the neutral side of the power supply. The impact
apparatus and the anvil shall also be connected to earth ground.

7.12.4.3 The test shall be conducted at ten points that are evenly spaced along the specimen length, at
least 250 mm (10 in) apart, and at least 125 mm (5 in) from either end of the specimen.
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7.12.4.4 The weight shall be raised and secured such that the impact face of the weight will be 610 -0,
+12 mm (24 -0, +0.5 in) above the upper surface of the specimen. The specimen shall be placed across
the width of the anvil. The impact point of the specimen shall be centered on the impact area of the anvil.

7.12.4.5 The weight shall then be released, falling freely in the guide. The weight shall strike the
specimen once and then immediately be raised to and secured at the 610 mm (24 in) height to prevent
repetitive strikes on the specimen.

7.12.4.6 The test shall be repeated on the remaining nine test points of the specimen as described in
7.12.4.4and 7.12.4.5.

71247 Th conductor.

specimen-shall be visuallv examinaed at the noints of imnact for exnosure of th
1 Y 1 1 g

7.12.5 Results and calculations

orded.

Contact(s) as

evidenced by triggering of the indicator, or visibility of the conductar,‘shall be red

7.12.6 Report

The report sh

713 Impac

7.13.1 Scope

This test spe

bll include, as a minimum, the number of contacts.

t resistance of insulated cables

cifies the method for determining the .impact resistance of insulated conducto

conductor cable and finished single conductor cable’when impacted by a free-falling mass.

7.13.2 Apparatus

s in a flat 2-

The apparatup shall consist of the following:
a) ste¢l mandrels 19 mm(3/4 in) and 25 mm (1 in) in diameter;
b) a steel impact mass of the specified weight, in the form of a solid right-circular cylingler nominally
32 mm (1-1/4 in)indiameter;
c) metal shaot;
d) a power supp pvith an AC voltage at 48 to 62 H vhose output potential islcontinuously
variable from near zero to at least the specified rms test potential, capable of indicating contact

between the conductor and the impact mass. The circuit shall trigger and maintain the signal on
any momentary contact;

e) a 3-W, 120 V neon lamp connected to a 120 V 48-62 Hz AC supply circuit; and

f) a flat steel plate of dimensions that provide a firm base for the impact.
7.13.3 Preparation of specimens

7.13.3.1 Specimens of multiple conductor cables shall be laid over a steel mandrel resting on a solid
steel plate. The longitudinal axis of the cable shall be held perpendicular to the axis of the mandrel, and
both axes shall be in a horizontal plane.
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7.13.3.2 Specimens of finished single conductor cables shall be laid over a flat steel plate.

7.13.3.3 The weight and all metal parts of the impact apparatus shall be connected together to earth
ground and to the grounded supply wire.

7.13.4 Procedure

7.13.41

The flat end of the weight shall be dropped from the specified height to strike the cable.

7.13.4.2 Following the impact, all coverings except the insulation shall be removed from the specimens
without damaging the insulation. Each insulated circuit conductor and any insulated grounding conductor

shall then b
received the

7.13.4.3 Fl
held so that
remains the
disregarded

7.13.44 TH
Hz essential
potential sha
increase sh3
level is reac
reduced to n

7.13.5 Res

71351 M
increase to t
the specified

7.13.5.2 Si
occur to the
plate or the {
the specimer]

7.13.6 Test

o +£ 400 ol <l <l L oL VA N ol + H ehi
VUCTITIU TOU ucylcco dirouriu a 1mmiariurcr <o 11t \I III} T Uidimicior Wit Uic PUTturi

mpact at the center of the bend.

bt cables shall be impacted flatwise and edgewise. For edgewise testing; the ¢
pbne conductor is above the other at the point that the cable receiyés)the impa
e during the impact. Results obtained on specimens that do not so rem
bnd new specimens shall be tested.

y sinusoidal rms potential shall be applied between-the shot and the metal ¢
| be increased from near zero at an essentially unijform rate in the range of 10
Il continue in this manner until the specified rms:voltage is reached. If the speg
ned without breakdown, the voltage shall be*held constant at that level for 5
par zero at the rate mentioned above.

ults and calculations

Itiple conductor cable shall be'\considered in compliance if breakdown occy
e specified voltage, while held-at the specified voltage for 5 s, or while being dg
voltage, in not more thap-the specified number of insulated conductor specimen

ngle conductor cable\shall be considered in compliance if rupture of the insulg
boint that the canductor is visible, or if during the impact, the conductor contact
veight as indicated by the lighting of the neon lamp connected in series with thg
under test'and the energized conductor of the AC supply circuit.

report

the wire that

able shall be
tt energy and
ain, shall be

e bend of each U-shaped specimen thus formed shall b€ buried in metal shot and a 48 — 62

bnductor. The
- 60 V/s. The
cified voltage
seconds then

rs during the
creased from
S.

tion does not
5 the flat steel
conductor of

71361 M

ultiple-conductorcables

The report shall include the following as a minimum:

a)we

b) hei

ight of mass;

ght of drop; and

¢) number of specimens out of the total that experienced breakdown.

7.13.6.2 Single conductor cables

The report shall include as a minimum, the number of specimens where rupture of the insulation occurs to
the point that the conductor is visible, or that trigger the neon lamp.
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7.14 Dielectric breakdown after glancing impact
7.14.1 Scope

This test specifies the method for determining the retention of electrical breakdown voltage of conductor
insulation and/or covering after a glancing impact.

7.14.2 Apparatus
The apparatus shall consist of the following:

hose output

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

c) a fault current indicator;
d) a tank filled with tap water at ROOM TEMPERATURE;
e) a means of grounding with a maximum impedance of 15 (0; and

f) an gpparatus for applying a glancing impact to a*wire specimen as shown in Figute 17, having
the foljowing characteristics:

1) an oak wood anvil nominally 50 mmix 100 mm (2 in x 4 in) in cross-section|and 250 mm
(10in) in length, rigidly supported 45°+2 degrees from the horizontal;

2) a means of fastening the ends of the test specimen to the anvil;

3) an impact mass 0.454 -0, +0.009 kg (1 -0, +0.02 Ib), consisting of a solid dteel cylinder,
19 -1, +0 mm (0.75+-0:03, +0 in) in diameter having all surfaces smooth and one end
rounded to a radius.of 9.5 -0.5, +0 mm (0.375 -0.015, +0 in); and

4) a hollow tube'to contain and guide the impact mass, having a 21 -0, +0.5 mm (0.82 -0,
+0.02 in) inner diameter, mounted over the anvil in a vertical position.

7.14.3 Preparation of specimens

The test spe imen shall be taken from a enmpln of salid 2.08 mm?2 (14 A\l\l('-‘.) finished-wirg or cable, or

from the wire or cable during manufacture without any conditioning. The sample shall be cut into twelve
specimens a minimum length of 380 mm (15 in). One end of the conductor in each of the specimens shall

be made bare and each specimen shall be straightened. The specimen and apparatus shall be at Room
TEMPERATURE.

7.14.4 Procedure

7.14.4.1 The specimen, the anvil, the weight, and the remainder of the test equipment shall be in thermal
equilibrium at ROOM TEMPERATURE.

7.14.4.2 The specimen shall be fastened along the long axis of the anvil and centered on the impact
area. The impact mass shall be positioned in the guide tube, with the hemispherical end downward and
460 -0, +9 mm (18 -0, +0.4 in) above the midpoint of the specimen. The impact mass shall be released
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and allowed to fall freely and strike the specimen only once. The specimen shall be removed from the
apparatus.

7.14.4.3 The impact process shall be repeated on five additional specimens. After each set of six
glancing impacts, the anvil shall be examined for damage. If damage is evident, the anvil shall be
replaced.

7.14.4.4 A specimen shall be immersed in water, except for the ends. The ends of the specimen shall be
separated from the grounded water electrode a distance sufficient to prevent corona or flashover at the
ends during application of the test voltage. The test voltage shall be applied between the insulated
conductor and the grounded water electrode, and increased at a uniform rate of not more than 500 V/s
until breakdown occurs, The breakdown voltage shall be recorded

7.14.4.5 The procedure described in 7.14.4.4 shall be performed on all specimens.
7.14.5 Resplts and calculations

7.14.5.1 Triggering of the fault indicator shall be evidence of dielectric:breakdown. The [high and low
values shall be discarded, and the average breakdown voltage for the remaining four specimens that were
subjected to the glancing impact described in 7.14.4.2 shall be calculated:

7.14.5.2 THhe average breakdown voltage for the six specimens‘that were not subjected tg the glancing
impact shall be calculated.

7.14.5.3 The ratio of the average breakdown voltage-0f’specimens subjected to glancing|impact to the
average bregkdown voltage of non-impacted specimens shall be calculated.

7.14.6 Repport
The report shall include, as a minimum,.the-following:

a) avgrage breakdown voltage for specimens not subjected to the glancing impact;

b) avg¢rage breakdown'voltage for specimens subjected to the glancing impact;

c) rafio of the average breakdown voltage of specimens subjected to glancing impact to the
average breakdown voltage of non-impacted specimens; and

d) disparded breakdown voltage values, if any.

7.15 Flexibility at ROOM TEMPERATURE after aging
7.15.1 Scope

This test establishes the method for determining the flexibility of wire or cable at ROOM TEMPERATURE after
aging.

7.15.2 Apparatus
The apparatus shall consist of the following:

a) a forced-circulation air oven in accordance with 4.2.3(i);

b) a temperature-measuring device with an accuracy of £1 °C; and
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¢) cylindrical mandrels of specified diameters. 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.

7.15.3 Preparation of specimen

The test specimen shall be taken from a sample of finished wire or cable, or from the wire or cable during
manufacture without any conditioning. The length of the specimen shall be sufficient to allow winding
around the mandrel for the specified number of turns.

7.15.4 Proc

edure

7.154.1 Th
immediately

7.154.2 Th
per turn at RO

7.15.4.3 Sp
turns around
around the m

7.15.4.4 Al
be examined

7.15.5 Results and calculations

The presence

7.15.6 Report

The report sh

a) test
b) test

c)indi

emoved from the oven.

b specimen shall be wound around a mandrel at a uniform rate of.approximate
OM TEMPERATURE, within 16 to 96 hours after removal from the oven;

the mandrel. Specimens of conductor sizes larger than.85.0 mm? (3/0 AWG) sh
andrel in a 180 degree U-bend.

internal and external surfaces of all insulation and jacket components of the s
for cracks or splits under NORMAL VISION.

of cracks and splits shall be noted:.

all include, as a minimum, the following:

temperature;
duration;and

Cation-of cracks.

7.16 Flexib

e specimen shall be aged in the oven for the specified time and temperatlllre and then

ly 4 seconds

ecimens of conductor sizes 85.0 mm? (3/0 AWG) or smaller shall be tightly wound 4 adjacent

all be wound

ecimen shall

i of teraiael

7.16.1 Scope

This test establishes the integrity of a separator tape under a jacket, after flexing at ROOM TEMPERATURE.

7.16.2 Apparatus

The apparatu

s shall consist of the following:

a) a micrometer or micrometer caliper with a resolution and accuracy of 0.01 mm (0.001 in);
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b) a cylindrical mandrel of specified diameter. 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; and

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

7.16.3 Preparation of specimens

The test specimen shall be taken from a sample of finished wire or cable, or from the wire or cable during
manufacture without any conditioning. The specimen shall be cut to a length sufficient to allow winding
around the mandrel for the specified number of turns, and the specimen shall be straightened.

7.16.4 Pro¢

71641 T
specimen sh
Specimens (¢
separator tag

71642 W
examination

7.16.5 Res

The presenc

cedure

ne specimen shall be wound around a mandrel for the specified number

f flat cable shall be wound on the flat side. Specimens of cable‘with longitug

ith the specimen still on the mandrel, the jacket shall*be opened sufficig
pf the separator tape(s) and overlap(s) under NORMAL VISION.

ults and calculations

b of any cracks or splits in the separator tape(s) or openings of the overlap(s) sh

7.16.6 Re

The report ghall include, as a minimum, indication of any cracks or splits in the separat
openings of the overlap(s).

7.17 Flexihility of armored cable and metal-sheathed cable

7171

This test detérmines the ability of a cable to withstand specified flexing without damage to th
or any underlying components.

In the United|Staies and Mexico, this test applies to Armored Cable and Metal-Clad Cable.

Scope

rt

bf turns. The

all be wound at a uniform rate such that the operation is completed within 1 minute.

inally-applied

e shall be wound with the separator tape overlap facing outwards ffom the mandrel.

ntly to allow

bll be noted.

or tape (s) or

B cable armor

In Canada, this test applies to Armored Cable and Metal-Sheathed Cable.

717.2 App

aratus

The apparatus shall consist of the following:

a) a stepped cone as shown in Figure 18, with each step being a right-circular cylinder
approximately 50 mm (2 inches) high, having steps of the specified diameters for the sizes of cable

being

b) ma

tested; or

ndrels of the specified diameters for the sizes of cable being tested.
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7.17.3 Preparation of specimens

Straight specimens of cable shall be taken from a reel or during manufacture. Any covering over the armor
shall be removed.

7.17.4 Procedure

7.17.41

Method 1 — interlocking armored cables

A specimen shall be wrapped the specified number of turns around a mandrel of the specified diameter

with sufficient tensi
mandrel. White-the

edges of adja
71742 M

Specimens s
specified with
throughout th
cycle shall bg
of 180 degres

7.17.4.3 Method 3 — continuously corrugated welded sheath

In the case of
bend, a secd
specimen sha

e it to conform closely to the peri

ated to expose the conductor asse

S v v, age10

ent convolutions of the armor are separ mbly

hod 2 — metal sheathed cables

nall be wound around the mandrel (flatwise in the case of flat-twin cable) 18(
out any more tension than is necessary to keep the armenr.in contact with
e turn and then straightened and bent 180 degrees in the opposite direction.
repeated, where applicable, until the specimen has been.subjected to the speq
bends. Bending shall be done slowly and at a uniform.rate of speed.

welded armor, one specimen shall be bent'with the weld line located at the inng
nd specimen shall be bent with the weld line at the outer edge of the bend
Il be bent with the weld line midway-befween the inner and outer edges of the bg

7.17.5 Res

7.17.51

underlying ¢
under the ar

7.17.5.2 Snpooth or corrugated armor shall be examined for any weld openings, cracks, s

other opening

7.17.53 Ad

Its and calculations

ponents of the specimen. In the case of metal sheathed cables, the armor and
or and conducterassembly shall be examined for damage.

S.

acent convolutions of interlocked armor shall be examined to determine if an

phery of the
ner or not the

degrees as
the mandrel
This bending
ified number

r edge of the
and a third
nd.

The specimen while wound on the mandrel shall be examined for evidence of dgmage to the
conductor assembly and separation, of the convolutions of the armor sufficient to expos

e any of the
the covering

plits, tears or

y part of the

cable inside t

7.17.6 Test

€ armor 15 visibte:

report

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

a) cab

le size and number of conductors;

b) diameter of mandrel used during the test; and

c) results of cable examination indicating compliance.
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7.18 Swelling and blistering when immersed in liquid
7.18.1 Scope

This test establishes the method for determining resistance to swelling or blistering of a cable.

7.18.2 App

aratus

The apparatus shall consist of the following:

a) a dial m|crometer having flat surfaces on both the anV|I and the end of the spindle, that exerts a
Ol U.

force

tempe

C) Spé€

d) a t¢mperature-measuring device with an accuracy of +1 °C.

7.18.3 Preparation of specimens

A nominal 1(
section. The
liquid that do
(7 ft apart at

7.18.4 Proq

7.18.4.1 TH
mm (0.001 in

7.18.4.2 Th
the specified
the liquid.

7.184.3 TH
liquid, and u

nk capable of accommodating a coil of cable while maintaining the. liquid to
rature +1 °C;

cified materials and reactants; and

m (32 ft) test specimen shall be taken from a-sample of finished cable with a q
specimen shall be marked at five test points, using a means that is durable in
es not damage the cable. The marks shall'be 2 m (6.6 feet) apart at points 1, 3,
boints 2, 9, 16, 23, and 30 ft) along the Jength of the specimen.

cedure

e minimum and maximum diameters of the specimen shall be measured to thg
) at each of the five marked points. Each measurement shall be recorded.

e specimen shall'be loosely coiled, and then immersed in the tank, maintainin
temperature, with both ends of the coiled specimen extending at least 300 mm

e coiled-specimen shall remain immersed continuously for 14 d and then rem
ncoiled at ROOM TEMPERATURE. All liquid shall be blotted immediately from the
means of a clean, absorbent, lint-free cloth.

aracy of 0.01 mm (0.001

the specified

ircular cross-
the specified
5 7,and 9m

nearest 0.01

y the liquid at
(12 in) above

bved from the
surface of the

specimen by

7.18.4.4 The specimen shall be inspected for evidence of blistering under NORMAL VISION. The maximum
and minimum diameters of the specimen shall be measured immediately at each of the five marked points.
Each measurement shall be recorded.

7.18.5 Results and calculations

The increase in diameter due to swelling shall be calculated as follows:

where:

B (D—-d)
1= 100761
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| = percent increase due to swelling
D = average diameter of the ten measurements taken after immersion

d = average diameter of the ten measurements taken before immersion

NOTE: Dimensions can be in mm or inches, provided that they are consistent throughout the calculations.

7.18.6 Report

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

a) immersion liquid and temperature of liquid;
b) evidence of blistering, if any; and

c) incrpase in diameter, if applicable.
7.19 Durabllity of ink printing
7.19.1 Scope

This test estaplishes the method for determining the durability ofink printing.

7.19.2 Apparatus

The apparatup shall consist of the following:

a) a forced-circulation air oven in accordance with 4.2.3(i);

b) a te¢mperature-measuring device with an accuracy of £1 °C;

c) a kfaft felt with a thickness of 1.2 £0.25 mm (0.05 £0.01 in) not having more tha

wool dontent and the remainder of the composition being rayon; and

d) a

ensure even weight\distribution throughout the area of the lower face. Clamps or othe
be provided forsecuring the craft felt in place. Without the felt in place, the weig

clampgp shall"be450 5 g (1 £0.01 Ib).

7.19.3 Preparation of specimen

n 30 percent

eight block with_a machined face of 25 mm (1 in) by 50 mm (2 in) and a unif¢rm height to

means shall
ht block and

Two specimens shall be taken from finished wire or cable, or from the wire or cable during manufacture.
The specimens shall be 300 mm (12 in) in length with the printing centered. The specimens shall be

handled minimally and shall not be wiped, scraped, or otherwise cleaned in any way.

7.19.4 Procedure

7.19.4.1 One specimen shall be conditioned in a forced-circulation air oven at the specified temperature
and for the specified period of time. The other specimen shall be maintained at ROOM TEMPERATURE for a

minimum of 24 hours.

7.19.4.2 Upon removal from the oven, the conditioned specimen shall be allowed to rest for a minimum
of 60 minutes prior to testing. Following the rest period, the specimen shall be placed and secured on a
solid, flat, horizontal surface with the printing up and at the center of the length of the specimen.
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7.19.4.3 With the specimen secured in place, the felted surface of the weight block shall be placed
horizontally on the printed area of the specimen with the 50 mm (2 in) dimension of the felted surface
parallel to the length of the specimen. With the weight block resting freely on the specimen, the weight
block shall be slid lengthwise by hand along the printed area of the specimen for a total of three cycles,
each cycle consisting of one complete back-and-forth motion covering the center 250 mm (10 in) of the
specimen. Three cycles shall be completed at an even pace within a total of 5 to 10 seconds.

7.19.4.4 The procedure described in 7.19.4.3 shall be repeated on the remaining specimen.

7.19.4.5 The felt may be used for several tests, but shall be replaced as soon as the fiber is flattened or
becomes soiled. When not in use, the weight shall not be stored resting on the felt surface.

7.19.5 Resplts and calculations
The legibility|of both specimens shall be examined with NORMAL VISION and noted.
7.19.6 Repport

The report shall include, as a minimum, indication of legibility of ink printing, temperature, apd duration of
conditioning.

7.20 Color|coating
7.20.1 Scope

This procedyre establishes a method for determining\the ability of surface ink or paint coatings to maintain
adhesion without deleterious effects to the insulatian.

7.20.2 Apparatus
The apparatys shall consist of the following:

a) theg apparatus as described in 4.2.3, excluding (g) and (h);
b) the apparatus as.described in 7.15.2; and

c) thelapparatusas described in 7.6.2.

7.20.3 Pre||>aration of specimens

7.20.3.1 General

Specimens for preparation as specified in 7.20.3.2 — 7.20.3.4 shall be taken from samples of finished wire
or cable, or from wire or cable during manufacture.

7.20.3.2 Part1
Specimens shall be prepared as described in 4.2.4.
7.20.3.3 Part2

Specimens shall be prepared as described in 7.15.3.
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7.20.3.4 Part3

Two specimens of any convenient length, and of contrasting colors, one having the surface color coating
and the other uncoated, shall be twisted together for six or more turns having a LENGTH OF LAY not

exceeding 20

times the measured overall diameter of one specimen.

7.20.4 Procedure

7.20.4.1

Part 1

Specimens shall be tested in accordance with 4.2.3 — 4.2.6 after conditioning as described in 4.2.8.1 —

4.2.8.2.

7.20.4.2 Pa

't 2

Specimens shall be tested in accordance with the procedure described in 7.15.4¢ eXcept that {he specimen

shall be exam
7.20.4.3 Pa

The specime

the specified
ROOM TEMPER

color coating

ined for flaking of coating only.
rt3

ns shall be suspended in the air oven and conditioned at the specified temper

period of time. The specimens shall then be removed from the oven and allow
ATURE for 1 hour, after which they shall be untwisted and examined. The length

fransferred to the uncoated specimen shall be’'measured.

7.20.5 Reslults and calculations

7.20.51 Pa
The average
7.20.5.2 Pa
The presence

7.20.5.3 Pa

The length an

rt 1

ature and for

ed to cool at
and width of

Lltimate elongation and tensile strength shall be calculated in accordance with 4]2.6

rt 2
of flaking of the coating shall be recorded.
rt3

d width of color coating transferred to the uncoated specimen shall be recorded.

7.20.6 Report

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

a) type of exposure;

b) ave

rage values for aged and unaged specimens;

c) average retention values;

d) presence of flaking of coating, if any; and

€) mig

ration of coating, if any.
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7.21 Mechanical strength

7.21.1 Scope
This test establishes the method for determining the ability of a cord to withstand mechanical
7.21.2 Apparatus

The apparatus shall consist of the following:

a) a tensile testing machine in accordance with 4.2.3(a);

stress.

b) a weight of the specified value; and

c) two clamps capable of tightly holding the specimen while under tension without
specimen (see Figure 19). Wire mesh grips shall be allowed as an alternative-clampin

7.21.3 Preparation of specimens

A specimen ghall be cut from a sample of finished cord. The length of the specimen shall b
allow a minimum spacing of 600 mm (2 ft) between clamps.

7.21.4 Pro¢edure

7.21.41
specimen.

The specimen shall be clamped and the réquired load shall be applied gra

7.21.4.2 If the load is applied using a tensile test machine, the tension shall be increased
the clamps at a rate of 25 £3 mm/min (1 £0:4\in/min) until the specified load is reached. The
maintained for the specified duration, after which time it shall be removed. A referee

conducted by applying the load described’in 7.21.4.3.

7.21.4.3 If the load is applied<by the lifting of a weight, the weight shall be centered dire
lifting point gnd shall be prevénted from rotating. The load shall be maintained for the spec
after which the load shall be‘removed.

lamaging the
g means.

e sufficient to

dually to the

by separating
load shall be
test may be

ctly under the
fied duration,

7.21.4.4 The specimen shall be observed to determine if any conductor breaks during the te¢st in the area

between the clamps:

7.214.5 Forther ddese
examined for conductor breakage.

NOTE: Breakage of individual strands does not constitute conductor breakage unless all strands are broken.

5 clamps and

7.21.4.6 For the method described in 7.21.4.3, conductor breakage is as evidenced by the specimen’s

inability to support the full load applied for the specified duration.
7.21.5 Results and calculations

The specimen shall be evaluated for conductor breakage.
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7.21.6 Report

The report shall include, as a minimum, indication of the specimen's ability to support the specified weight
for the specified period of time.

7.22 Streng

th and elongation of cable in tension

7.22.1 Scope

This test determines the ability of a completed cable to withstand longitudinal mechanical stress.

7.22.2 Apparatus

The apparatu

a) a tg
value

b) twg
tensio
extent
means

7.22.3 Prep

The specime
jaws of the te
placed on the
7.22.4 Prog

The required

specimen shall be centered direetly under the lifting point and shall be prevented from rotat

shall be main

7.22.5 Reslults and calculations

7.2251 Fd
examined for|

5 shall include the following:

specified for the strength of the specimen and a means for slowly lifting it; and

nsile testing machine set at a jaw separation rate of 0.4 mm/s (0.02.n/s), or a

clamps (e.g., as shown in Figure 19) capable of tightly holding the specimern
h, without allowing any strengthening cords to slip and without damaging the
of reducing its performance in the test. Wire mesh-grips may be used as 3
of clamping the cable.

aration of specimens
n shall be of the length and in the condition outlined in Table 5 and shall be cl

hsile testing machine. When a specinien is to be tested for elongation, gauge m
specimen 1000 mm (39.4 in) apart-unless otherwise specified.

edure

ained for the specified period, after which it shall be removed.

llowing ™ application of the load, the specimen shall be removed from the

considered.

7.22.5.2 When required, the elongation shall be measured as follows:

weight of the

while under
cable to the
n alternative

hmped in the

arks shall be

load shall be applied*gradually to the specimen. If applied by the lifting of a weight, the

ng. The load

clamps and

damage both inside and outside. Only the straight section between the jaw farces shall be

a) armored cable: the elongation shall be the sum of the apparent recessions of the conductor
assembly into the armor at both ends of the specimen, measured using a scale graduated in
millimeters; or

b) other than armored cable: the elongation shall be the increase in distance between the gauge

marks

during application of the load.

7.22.6 Report

The report sha

Il include the following as a minimum:
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a) for tension testing, the presence of openings in the armor convolutions and damage to the

jacket
b) for

c) the

elongation testing, the length of permanent elongation measured; and

weight applied and duration of test.

7.23 Bend test on nylon covered conductors

7.23.1

Scope

This test establishes the method for evaluating the resistance of a covering to stress caused by bending.

7.23.2 Apparatus

The apparatt

a) a forced-circulation air oven in accordance with 4.2.3(i);

b) a t¢mperature-measuring device with an accuracy of £1 °C;

c)an
small
shall

d)ag
force
accur

7.23.3 Preparation of specimen

A specimen
finished wire

7.23.4 Proq

7.23.41 Tk

mandrel diafneter shall be equal to that of the specimen, +0, — 10 percent. In the case

construction,

s shall consist of the following:

br diameter may be used. However, in the event of non-compliant results, the
pe re-tested using the specified mandrel size; and

ial micrometer having flat surfaces on both-th'e anvil and the end of the spindle

pcy of 0.01 mm (0.001 in).

with a covering, having @ minimum length of 300 mm (12 in), shall be cut fron
or cable, or from wire or cable during manufacture, and straightened.

cedure

e mandrehdiameter shall be determined by measuring the diameter of the s

the minor dimension shall be used in determining the mandrel diameter.

nandrel of appropriate diameter. When a specified miandrel is not available, a mpandrel with a

wire or cable

that exerts a

pf 0.10 to 0.83 N (0.022 to 0.187 Ibf), or laser micrometer, both of which have a fesolution and

h a sample of

becimen. The
of a parallel

72342 T

€ specimen shaltbe suspended verticalty imam oven at the specified tempe

ature for the

specified period of time. Following conditioning, the specimen shall be removed from the oven. Within 16
to 96 hours at ROOM TEMPERATURE, the specimen shall be wound 6 turns around a mandrel, each turn in
contact with the adjacent turn.

7.23.4.3
mandrel.

In the case of a parallel construction, the specimen shall be wound on its flat side around the

7.23.4.4 The specimen shall be examined for cracks with NORMAL VISION, both in the wound and
unwound condition.

7.23.5 Res

ults and calculations

The presence of any cracks shall be determined.
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7.23.6 Report

The report shall include, as a minimum, presence of any cracks.

7.24 Tightness of insulation

7.24.1 Scope

This test establishes the method for determining the tightness of insulation.

7.24.2 Apparatus

The apparatup shall consist of the following:

a) a gifipping device (vise) to mount test specimen vertically;

b)as

C) a sq
7.24.3 Prep

7.24.31 Sir
A specimen g
during manuf
have 50 mm
placed on th
insulation slit
the empty ins

7.243.2 Pa

A specimen
cable during
in) length of i
specimen. Or]
and the othe

ecified weight; and

ale calibrated with divisions of 1 mm (0.03 in).

aration of specimen

gle conductor

f an insulated conductor taken from a sample of finished wire or cable, or from
bcture, shall be gently straightened and. cut'to a length of 275 mm (11 in). The sf

(2 in) of insulation and any separator removed from one end. A reference n

longitudinally for a length of 75*mm (3 in). The conductor shall be cut and remo
ulation with any separator shall-be taped back together.

rallel multiconductor

bf a parallel multicanductor taken from a sample of finished wire or cable, or
manufacture,sshall be gently straightened and cut to a length of 405 mm (16 in)

wire or cable
ecimen shall
nark shall be

b conductor where it enters the insulation. The other end of the specimen shall have the

ed, and then

from wire or
A 50 mm (2
h ends of the

hsulation and-any separator shall be removed from the circuit conductors at bot
e bare (circuit conductor shall be cut off even with the insulation at one end of t

specimen (s§

conductors she

e specimen,
r end of the

both ends of

the specimen. Reference marks shaII be placed on the conductors at both ends where they enter the

insulation.

7.24.4 Proc

7.24.41

edure

Single conductor

The specified weight shall be attached to the specimen by tying the taped insulation to the weight. The
bare conductor at the other end of the specimen shall be secured in the gripping assembly and the weight
gently lowered and released so that it is supported by the specimen for the specified time period. The
distance between the end of the insulation and the reference mark shall be measured with the weight in

place.
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7.24.4.2 Parallel multiconductor

The specified weight shall be attached to the bare circuit conductor at one end, and the weight and
attached specimen shall then be supported from the bared end of the other circuit conductor for the
specified time period. The distance between the end of the insulation and the reference mark shall be
measured on both conductors with the weight in place.

7.24.5 Results and calculations

The additional length of bare conductor exposed during the test shall be noted.

7.24.6 Repprt

The report shall include, as a minimum, length of additional exposed conductor.
7.25 Tightness of armor

7.251 Scope

This test estpblishes the method for determining the ability of armer of a completed cable o adequately
maintain a gfip after pulling of the conductor assembly.

7.25.2 Apparatus

7.25.2.1 THe apparatus shall consist of the following:

a) a pipe 3 m (9.8 feet) long and havingran inside diameter slightly greater than the outside
diameter of the armor of the specimen;

b) a pipe cap with a clearance hole, the diameter of which is slightly greater than the inside
diameter of the armor; and

c) a specified weight.

7.25.2.2 THe pipe shall be'used to keep the test specimen approximately straight and shall|be supported
in a vertical gosition withsthe pipe cap attached to the lower end. The pipe cap provides a shoulder against
which the armor of the specimen rests. The edges of the clearance hole in the cap shall be rogunded.

7.25.3 PreTaration of specimens

7.25.3.1 A specimen shall be taken from a reel or during manufacture and cut to a length of 3.5 m (11.5
ft.), and the armor removed from at least 0.5 m (19.7 in) at one end.

7.25.3.2 The ends of the armor shall be cut square and any burrs of metal removed. The specimen shall
then be drawn into the pipe with the exposed conductor assembly projecting through the hole in the cap at
the lower end of the pipe.

7.25.4 Procedure

The specified weight shall be attached to the conductor assembly projecting through the hole in the cap
and shall be allowed to hang freely for 1 minute. Care shall be taken that the conductor assembly does not
rub on the sides of the hole.
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7.25.5 Results and calculations

The upper end of the specimen shall be examined to determine the distance the conductor assembly has
receded into the armor.

7.25.6 Report
The test report shall include the following as a minimum:

a) number and size of conductors; and

b) distance-conductor Qecnmhly receded-into-the-armor.

7.26 Flexing of shielded cables
7.26.1 Scope

This test estpblishes the method for evaluating the conductors of shielded cables for fesistance to
breakage frorm repeated flexing.

7.26.2 Apparatus
The apparatup shall consist of the following:

a) a flgxing apparatus (see Figure 21);
b) a cycle counter capable of counting a mimimum of 15 000 cycles; and

¢) an lalternating current source capable of providing specified current and detectipng conductor
breakage and stopping the flexing apparatus.

7.26.3 Preparation of specimen

Six specimenis, each 5 m (15-ft) in length, shall be cut from a sample of finished shielded cable. The ends
of the circuit gonductors shalkbe made bare.

7.26.4 Prodedure

7.26.4.1 The. Citetit conductors in the specimens shall be connected in series with the Cerrent source
and each otheér

7.26.4.2 The test shall be conducted at ROOM TEMPERATURE. The specimens shall be mounted on the
pulleys. The pulleys shall be mounted so that the specimens are horizontal as they pass between them.
The weight, pulleys, and current used in the test shall be as specified in the product standard. The clamps
at the ends of the specimens shall be positioned as shown in Figure 21.

7.26.4.3 With the specimens in place and rated current flowing in the circuit conductors, the two central
pulleys shall be moved in tandem in a horizontal reciprocating motion. The motion shall be constant at the
rate of 0.4 m/s (1.3 ft/s) or 12 cycles per minute, each cycle consisting of one complete back-and-forth
motion through a stroke of approximately 1 m (3 ft).

7.26.4.4 The motion shall be continued until the specified number of cycles has been completed, or until
a circuit conductor opens and the test has stopped automatically.
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7.26.5 Results and calculations

The number of cycles at the time the test was stopped shall be noted.

7.26.6 Report

The report shall include, as a minimum, number of cycles completed for each specimen.

7.27 Mandrel pinch of "-R" cords

7.27.1 Scope

This test spefifies the method for determining resistance to pinching of insulation and/or Covgring.

7.27.2 Apparatus

The apparatys shall consist of the following:
a) a power-driven compression machine provided with a device to measure and indicate the
compfession force at rupture accurate to 2 percent or less of theé value read. The maghine shall be
capable of operating at a power-actuated jaw speed of 5 1.3 mm/min (0.20 +0.05 in/min);
b) ong¢ flat steel plate 50 mm (2 in) wide;
c)a rIandrel with a right-angle corner with a cornefradius of 1.19 mm (0.046 in) (see Figure 22 and
Figure 23); and
d) a [low-voltage AC power supply with”a means of indicating contact betwegn the circuit

condy
mand

ctors, and between the circujtCeonductors and the grounding conductor, s
rel.

7.27.3 Preparation of specimens

7.27.3.1 Tk
cable during

e test specimen(shall be taken from a sample of finished wire or cable, or frg
manufacture without any conditioning. The specimen shall be a minimum of 300

length. One ¢nd of the conductor shall be made bare.

7.27.3.2 The plate;“mandrel, and any grounding conductor shall be connected to earth

circuit condu

ctors shall be connected to the power supply.

teel plate, or

m the wire or
mm (12 in) in

ground. The

7.27.4 Procedure

7.27.41

The steel plate shall be mounted horizontally in the compression machine. The mandrel shall be

bolted or otherwise secured along the centerline of the plate, as indicated in Figure 23. The specimen,
apparatus, and surrounding air shall be in thermal equilibrium at ROOM TEMPERATURE.

7.27.4.2 The specimen shall be centered on the steel plate at a right angle to the longitudinal axis of the
mandrel. See Figure 23. The mandrel shall be lowered until contact is made with the surface of the
specimen. The downward motion of the mandrel shall then be continued at the rate of 5 1.3 mm/min
(0.20 £0.05 in/min) until one of the indicators signals contact.

7.27.4.3 The force indicated by the compression machine at the moment of contact shall be recorded.
The procedure shall be repeated four additional times.
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7.27.5 Results and calculations

The results shall consist of the forces indicated by the compression machine at each moment of contact.
7.27.6 Report

The report shall include, as a minimum, the results in 7.27.5.

7.28 Mandrel crush of "-R" cords

7.28.1 Scope

This test spedifies the method for determining resistance to crushing of insulation and/or ¢ovefing.
7.28.2 Apparatus
The apparatup shall consist of the following:

a) a 90.7 kg (200 Ib) mass contained by an appropriately supported structure;
b) ond flat steel plate 50 mm (2 in) wide;

¢) a mandrel with a right-angle corner with a corner radius of 1.19 mm (0.046 in) (see RKigure 22 and
Figurg 23);

d) a |ow-voltage AC power supply with a, means of indicating contact betweep the circuit
condugtors, and between the circuit conductors and the grounding conductor, steel plate, or
mandlel; and

e) a syitable timing device.

7.28.3 Preparation of specimens

7.28.3.1 Thp test specimen ghall be taken from a sample of finished wire or cable, or frofn the wire or
cable during manufacture without any conditioning. The specimen shall be a minimum of 300 mm (12 in) in
length. One end of the conductor shall be made bare.

7.28.3.2 The plate,~mandrel, and any grounding conductor shall be connected to earth |ground. The
circuit condugtors shall be connected to the power supply.

7.28.4 Procedure

7.28.4.1 The specimen, apparatus, and surrounding air shall be in thermal equilibrium at ROOM
TEMPERATURE. The steel plate shall be mounted horizontally. The mandrel shall be positioned along the

centerline of the plate, as indicated in Figure 23.

7.28.4.2 The specimen shall be centered on the steel plate at a right angle to the longitudinal axis of the
mandrel. (See Figure 23.) The mandrel shall be lowered until contact is made with the surface of the
specimen. The mass shall then be lowered onto the top of the mandrel. The specimen shall be left under
test under these conditions for the lesser of seven hours, or until contact is made.

7.28.4.3 Record whether any electrical contact occurs during the test. The procedure shall be repeated
four additional times.
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7.28.5 Res
The results s

7.28.6 Rep

ults and calculations
hall consist of whether electrical contact occurred during the test.

ort

The report shall include, as a minimum, the results in 7.28.5.

7.29 Flexing of "-R" cords

7.29.1 Sco

pe

This test spe

7.29.2 Apparatus

The apparaty

a)arn
positi
to the

b) a power supply capable of providing 300 +2 V AG\and the current specified (se

Figur
c)a3

d) an
dimer

e)ac
f) six
g)ag
h) six

i) a tin

cifies the method for determining resistance to flexing of insulation and/or coveri

s shall consist of the following:

neans of flexing the specimen using a flexing cycle consisting of bending the 5
bn 90 degrees from the vertical, back through 180 degfees from that position, 3
vertical (see Figure 24 — Figure 26);

p 26);
DO +£2 V variable electrical resistive load;

L-bracket measuring 38.1 mm (15 inches) deep and 38.1 mm high with
sions as shown in Figure 25;

prd attachment bracket as:shown in Figure 26;

110 g (0.25 Ib) weights;

rcuit to detect conductor breakage and stop the flexing apparatus;
smoothly rounded bushings having a 25.4 mm (1 in) diameter opening; and

he-delayed fuse, as indicated in Table 6.

7.29.3 Preparation of specimens

pecimen to a
nd then back

e Figure 24 —

B slot having

The test specimens shall be taken from a sample of finished wire or cable, or from the wire or cable during
manufacture without any conditioning. The specimen shall be of a sufficient length. Both ends of the

conductors s

hall be made bare.

7.29.4 Procedure

7.29.4.1 Each supply cord specimen shall be mounted through a slot in the L-bracket of the test fixture
shown in Figure 25. The cord shall exit vertically through the top surface of the bracket base and shall be
routed across a curved surface for attachment; see Figure 26.

7.29.4.2 Each specimen shall be passed through a horizontal bushing. The free end of each specimen
shall be attached to an unsupported weight.
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7.29.4.3 The grounding conductors shall be connected to earth ground. The circuit conductors shall be
connected to the power supply, as indicated in Figure 24.

7.29.4.4 The conductors shall be loaded to the maximum rated current based on conductor size and
cord type. A voltage of 300 V shall be applied between the conductors. Current shall not be passed
through the grounding conductor, which shall be connected to ground. The circuit shall be protected by a
time-delay fuse. One or more series current relays shall be provided to shut down the machine if a
conductor opens.

7.29.4.5 The six specimens shall be flexed at a rate of approximately 20 cycles per minute for 3,100
cycles or until open circuit or short circuit occurs. One cycle consists of 90-degree rotation of the test
assembly in one direction, 180-degree rotation in the opposite direction, and then return to the starting
point. The flex shall be in the direction of smallest cord cross-section.

7.29.5 Resylts and calculations
The following|conditions shall be recorded for each specimen:

a) development of an open circuit;
b) devielopment of a short circuit;
c) breakage of more than 10 percent of the strands of any<ircuit or grounding conductpr;
d) broken strands piercing the insulation and becoming accessible;
e) crag¢king or degradation of the cord insulation; or

f) expgsure of the shield on shielded constructions.
7.29.6 Report
The report shgll include, as a minimum;the results in 7.29.5.

7.30 Armored cable bushing insertion

7.30.1 Scope

This test estgblishes*the method to determine that the construction of an armored cable suifably accepts
the proper ingertion’of a cable bushing.

7.30.2 Apparatus
The apparatus for this test shall include the following:

a) a sample of armored cable taken from a reel or from manufacture; and
b) cable bushing of a size appropriate for the cable to be tested.
7.30.3 Preparation of specimens
Approximately 50 mm (2 in) of armor shall be removed from one end of the cable. If it is intended that the

fibrous covering be removed before a bushing is inserted, such covering shall be removed manually from
the conductor assembly.
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7.30.4 Procedure

The bushing shall be inserted between the conductors and the armor.

7.30.5 Results

It shall be observed whether or not the bushing can be readily inserted such that the flange on it comes
into contact with the cut end of the armor, and that it remains in that position after pressure has been

removed.

7.30.6 Report

The report shall include as a minimum, the following:

a) description of cable;
b) tragle size of bushing; and

c) whether the bushing remains in position after insertion pressureisiremoved.
8 Environmental Tests for Finished Wire and Cable
8.1 Copper corrosion
8.1.1 Scope

This test establishes the method for determiningzthe chemical compatibility of copper, copper alloy, or
copper-clad aluminum conductors in contact withiinsulation material.

8.1.2 Appdratus
The apparatys shall consist of the following:

a) a forced-circulationair'oven in accordance with 4.2.3(i); and

b) a t¢mperaturermeasuring device with an accuracy of £1 °C.

8.1.3 Preparation-of specimens

Two specimens of insutatedconductor shattbe cutto tengths ot tess tham 300 mm ( t2in) that allow for at
least one specimen to be placed in the oven vertically.

8.1.4 Procedure

8.1.4.1 One specimen shall be conditioned at ROOM TEMPERATURE. The second specimen shall be
conditioned in the oven at the specified temperature for the specified period of time. Oven temperatures
shall be recorded throughout the period of conditioning. The specimen shall then be removed from the
oven and allowed to cool to ROOM TEMPERATURE.

8.1.4.2 The insulation shall be stripped from the conductors of both specimens and the surface of the
conductors examined with NORMAL VISION.
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8.1.5 Results and calculations

Any evidence of corrosion of the copper (normal oxidation or discoloration not caused by the insulation or
any separator shall be disregarded) shall be noted.

8.1.6 Report

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

a) test temperature;
b) test-duration;-and
¢) evidence of corrosion on conditioned and unconditioned specimens.
8.2 Ozone fesistance
8.2.1 Scope
This test method is used to determine the resistance of insulated wire or cable to degrs

exposed to sj
8.2.2 Mater
Materials and

a) am

ecified concentration of ozone in air or oxygen.
als and reactants
reactants shall consist of:

pient air or compressed air supply with,adequate filtration of particulate matter.

content of the air source shall be minimized; and

b) a cq
8.2.3 Appa
The apparatu

a) an
ultravi

oling water system for operating temperature below 49 °C.
atus
5* shall consist of.the following:

ozone generator for generating a controlled amount of ozone, by means
blet light™source, corona discharge or a combination of both. The ozone gene

equip

d with"a variable power controller to adjust the ozone generator output

generating.source shall be isolated from the internal chamber but within the inte

}e

dation when

'he moisture

of either an
ator shall be
The ozone
gral external

structle;

b) an ozone test chamber with the following:

1) a chamber interior of stainless steel, with all seams sealed and the chamber door
provided with a gasket to assure leakproof operation so as not to affect the ozone

concentration during the duration of the test;

2) an automatic control system that regulates and maintains the set
concentration and corrects for external barometric pressure, temperature
humidity;

point ozone
and relative

3) a means for circulating ozonized air under controlled conditions of humidity and

temperature through the chamber. The source of air may be ambient or from a

compressed

air supply. Adequate filtration of particulate matter from the source shall be minimized,

either through filtration, a desiccant or by other means;
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4) the door sealed to prevent loss of partial pressure that would affect the ozone
concentration for the duration of the test. If equipped with an observation window, it shall be
of tempered glass;

5) a volume of not less than 0.14 m? (5 ft3);
6) installed in an environment free from dust, smoke or other volatiles which might affect the
performance of the automatic measurement and control system;
7) a cooling water system provided for operating temperatures below 49 °C; and
8) the chamber exhaust properly routed to the atmosphere; and
¢) an pzone measurement and control system.
The dzone concentration shall be determined using standard gas laws based-upon the absorption
of ultfa-violet light in conjunction with the partial pressure of ozone in(a, controlled air-ozone
mixture.

NOTE: There 4
absorption of o
absorption meth
method against

*There is curren
Inc. 1145 Highb
ozone monitor h

8.2.4 Preparation of specimens

8.24.1 Twg
coil to be teg
Where tapeg
adherent to

re other techniques used to measure gaseous ozone such as the wet chemieal method, which
one in a potassium iodide solution and titration of the released iodine,with/sodium thiosulfate.

od has been found to be more accurate and precise and as such, is now~commonly used and has
Which others are calibrated.

tly only one known source of ozone test apparatus at this time =©zone Research Equipment Co., a
Fook Avenue, #500, Akron, OH 44301. The OREC 0500-0900 Series Ozone test chambers and
Ave been found suitable. Equivalent apparatus are also acceptable.

specimens shall be selected from-apoint beyond 1.5 m (4.9 feet) from the end

or sheaths are applied priorte curing, are left in place during curing, and are
he test specimen in the eompleted cable, such coverings shall not be remove
ined to ensure they are“free from mechanical defects, such as cuts, dents, tea

specimens shall’be bent as follows:

e specimen;-at a temperature not less than 20 °C, shall be bent in the direction
fure, without twisting, one turn around a brass, aluminum, or suitably treated wo
pj a-diameter as shown in Table 7.

shall be exa

threads.

8.2.4.2 Thdg
a) On
curva
havin
b) Th

is based on the
However, the UV
een used as the

division of CCSi,
Model 03DM-100

of the reel or

ted. If protective coverings have’been applied, they shall be removed when non-adherent.

consequently
. Specimens
rs, and loose

of its existing
bden mandrel

€ second specimen shall be bent In a similar manner, but In the direction opposite to the
existing curvature.

c) Each of the bent specimens shall be tied with tape at the point where the ends cross. If the
specimen is too rigid to permit crossing of the ends, it may be bent in the form of a “U” and tied so

that a

t least a 180 degree bend of the appropriate diameter is obtained.

d) The specimen shall conform closely to the periphery of the mandrel.

e) The surface of each specimen shall be wiped with a clean cloth to remove dirt or moisture.

f) The bent specimen on its mandrel shall be placed in a desiccator for a minimum of 30 to 45
minutes to remove the surface moisture and then left in the desiccator until it is placed in the ozone

testc

hamber.
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8.2.5 Procedure

8.2.5.1

All equipment shall be calibrated in accordance with the equipment manufacturer’s instructions.

8.2.5.2 Prior to bending of the specimen the atmosphere in the exposure chamber shall be conditioned

as follows:

a) the exhaust system above the chamber shall be turned on.

b) the system parameter verification check shall be performed prior to start up.

c) the temperature of the air in the test chamber shall be adjusted to the specified oven

temp¢

d) the

8.2.5.3 Afte
ozone conce

the axis of th

ends of the specimen pointing down, but not touching the bottom of the Chamber.

8.2.5.4 Afte
specimen sha

8.2.6 Results and calculations

The insulation or jacket, whichever applicable, shall;be examined by NORMAL VISION for crack

portion only.
8.2.7 Testr
The report sh

a) tem
b) exp|
C) 0zo

d) any

desired ozone concentration shall be set on the control panel.

[ the ozone chamber has been in equilibrium operation for at least 45/minutes at
htration and temperature, the test specimen on the mandrel shall be place
chamber. Cafle shall be taken not to handle the material under test. The specimen shall be st

dlure.

b mandrel horizontal and midway between the top and bottom' of the chamber,

r exposure for 3 hours to ozone at the specified concentration and tempera
Il be removed from the chamber. Any covering onthe specimen shall be removs

bport

bl include the following as a minimum:
perature in the ozene chamber, °C;
osure time; Rours;

he concentration, percent by volume or ppm;

evidence of cracks; and

the specified

0 in the test

pported with
with the free

ure, the test
d.

s in the bent

e) mandrel diameter.

8.3 Copper sulfate test for zinc coatings on formed and unformed steel strip (Preece test)

8.3.1 Scope

This test establishes the method for determining the performance of zinc coatings for formed and
unformed steel strip for finished armored cable.

8.3.2 Apparatus

The apparatu

s for the test shall consist of the following:
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a) a vessel of glass or other chemically nonreactive material having a width of at least twice the
widest dimension of the specimen,;

b)ag
c)ati

d)as

lass thermometer;
ming device that indicates elapsed seconds;

tandard solution of copper sulfate;

e) paper towels or cheesecloth;

f) a solvent such as trichloroethylene or chloroform; and

g)as

8.3.3 Mate

The requirements for the standard solution and wash water shall be as follows;

8.3.3.1 Preparation of solution

8.3.3.1.1 (
commercial 1

NOTE: Chemicd

8.3.31.2 If
to cool. The
approximate

83313 T
NOTE 1: An exd

NOTE 2: Cupric
allowed to stand

8.3.314 T
inappropriatg
sulfate soluti

purce of running tap water.

rials and reactants

opper sulfate solution shall be made by dissolving<approximately 36 parts
eagent grade copper sulfate (CuSO,) crystals in 100'parts by weight of distilled

lly pure (cp) copper sulfate crystals are preferable to commetrgial grade, although not necessary, for

heat is used to complete the solution of eopper sulfate crystals, the solution sh
solution shall then be agitated with -an excess of powdered cupric hydroxid
y 0.8 g/L of solution.

ne neutralized solution shall be allowed to stand for 24 hours and then filtered or
less of cupric hydroxide is present when the sediment of this reagent accumulates at the bottom of th

oxide (CuO) of approximately 0.7 g/L of solution may be substituted for cupric hydroxide provided t
not less than 48 heurs-after this addition and before filtering or decanting.

he test solution shall have a relative density of 1.186 at 18 ° C. To adjust
relative density, distilled water shall be added if the relative density is high,
bn of @ higher relative density shall be added if the relative density is low.

8.3.3.2 Quantity of solution

by weight of
vater.

the Preece test.
all be allowed
e [Cu (OH) ],
decanted.

e vessel.

at the solution is

a solution of
and a copper

The quantity of copper sulfate solution required for each test depends on the superficial area of the test
specimen and the mass of coating. The quantity shall not be less than 40 mi/g of zinc coating on the
specimen and shall be sufficient to cover the specimen so that the top surface of the solution is at least 10
mm (0.4 in) above the top of the section of the specimen under test.

NOTE: The theoretical minimum amount of copper sulfate solution required to dissolve 1 g of zinc is 13.3 ml. The quantity specified is
three times this minimum to ensure an adequate rate of solution.

8.3.3.3 Wash water

Tap water shall be used for rinsing. If no running water is available, the rinse water shall be changed often
enough, preferably after each dip, to ensure that it is reasonably free from copper sulfate. The temperature
of the rinse water shall be 18 3 °C.
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8.3.4 Preparation of specimens

8.3.4.1 The required quantity of specimens 150 mm (6 in) in length (axial measurement) shall be cut
from partially uncoiled armor, free from abrasions from which the conductor assembly has been removed.
The required quantity of additional straight specimens 150 mm (6 in) in length shall be cut from a sample
length of the zinc-coated steel strip before forming.

8.3.4.2 All grease, etc., shall be removed by washing the specimen in trichloroethylene or chloroform.
The specimen shall then be rinsed in water and dried with paper towels, and the zinc surface clean before
immersion in the copper sulfate solution. Care shall be taken to avoid contact of the cleaned surface with
foreign objects, particularly the hands.

8.3.4.3 At ohe end of a sample length of finished cable, the armor shall be unwound from\the outside to

ting, the strip shall not be straightened as it is unwound but shall remain in the helical form
with a diametgr not larger than approximately three times the cable diameter.

8.3.4.4 The[specimens shall be cleaned with an organic solvent. Each‘specimen shall be gxamined for
evidence of damage to the zinc coating occurring during specimen preparation, not during fforming, and
only specimefs that are not damaged shall be selected for use in the'test. One specimen of the unformed
strip and onespecimen of the armor shall be tested.

8.3.4.5 The|two selected specimens shall be rinsed in water, and all of their surfaces drij‘;d with clean
cheesecloth, [removing as much of the water as possible in the drying operation as water slows the
en the zinc and the solution, thereby adversely affecting the test results.

8.3.4.6 The| surface of the zinc shall be dry and clean before a specimen is immersed ih the copper
sulfate solutign. The specimens shall not be touched by the hands or in any way that can cgntaminate or
damage the surfaces.

8.3.5 Proceddure

8.3.5.1 The|vessel described(in)8.3.2(a) shall be filled with the solution described in 8.3.3.1+ 8.3.3.2to a
depth sufficignt to immerse 'not less than half the axial length of the specimen. The temp¢drature of the
solution shalllbe 18 +1 %€\ The specimen shall then be placed in a vertical position in the center of the
vessel contaiping the-standard solution. The specimen shall remain in the solution for 60 segonds, during
which time it $hall not-be moved and the solution shall not be stirred.

8.3.5.2 Aftdr 60 seconds, the specimen shall be removed from the vessel, immediately rinsed in a
stream of running water, and rubbed dry with a clean, wet, lint-free cloth until any loosely adhering
deposits of copper are removed. The turns of the specimen of partially uncoiled armor shall not be further
separated during this process, and hands and other damaging and contaminating objects and substances
shall not be allowed to touch any surfaces that were immersed.

NOTE: A clean soft-bristle test-tube or bottle brush in good condition and of applicable size may be used to rub (only) the interior
surfaces of the specimen of partially uncoiled armor.

8.3.5.3 The procedures in 8.3.5.1 — 8.3.5.2 shall be repeated until the specified total number of
immersions has been made. Following completion of testing on each specimen, a fresh portion of the
standard solution employed for each additional specimen.

NOTE: A fixed deposit of copper generally occurs first at the weakest points in the zinc coating and increases in area upon
successive dips until the entire zinc coating disappears.
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8.3.6 Results and calculations

8.3.6.1 The condition of the portion of the specimen that was immersed shall be examined for a bright
deposit of closely adhering metallic copper on all or any part of that portion. Each edge and broad surface
shall be considered separately. The portion of the specimen within 13 mm (0.5 in) of its immersed end
shall be disregarded.

8.3.6.2 In the case of interlocked armor, if there is a deposit, an estimate shall be made of the ratio of the
copper-covered surface to the total surface immersed, expressed as a percentage. The estimate shall be
based on examination with NORMAL VISION. The surface within 10 mm (0.4 in) of the cut end shall be
disregarded.

8.3.7 Repolrt

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

a) prgsence of bright deposits, if any, on edges or on broad surfaces after-each immersion; and
b) forjinterlocked armor, estimated ratio of copper-covered surface to total surface immersed, after
each jmmersion.

9 Burning Characteristics Tests

9.1 FT2/FH/Horizontal flame

9.1.1 Scope

This test establishes the method for determining the resistance of a wire, cable, or cord to
propagation pf flame and the dropping of flaming particles.

the horizontal

9.1.2 Materials and reactants

Materials andl reactants shall cofisist of the following:
a) mg

at 25
Btu/ft

thane, at 98 petcent minimum purity, having a heat content of 37 +1 MJ/m? (1000 +30 Btu/ft®)
°C and 101°kPa (14.7 psi); or natural gas, with a heat content of 37 +1 MJ/fn® (1000 +30
)at 25C and 101 kPa (14.7 psi); and

NOTE:
+50 Bt

Alternative gases, such as propane, at a 95 percent minimum purity, having a heat content of 94
fft3)at 25 °C and 101 kPa (14.7 psi) or butane, at 99 percent minimum purity, having a heat content

+2 MJ/m® (2540
of 120 +3 MJ/m?®

(3240 4

80 Btu/it®) at 25 °C and 101 kPa (14.7 psi), may be used if a stable flame is obtained and the hea

complies with ASTM D5207 or NMX-J-192-ANCE or IEC 60695-11-3.

evolution profile

CAUTION: Propane and butane gases are denser than air and can settle and become an explosion
hazard. Consult the gas supplier for special precautions to be taken.

b) surgical cotton, dry and untreated.

9.1.3 Appa

ratus

The apparatus shall consist of the following:

a) a draft-free chamber having a means for access and viewing that can be sealed. Each linear
interior dimension of the chamber shall be at least 610 mm (24 in). The interior volume of the
chamber shall be at least 4 m® (140 ft%), including the volume of an exhaust transition, if any. At
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least 2 m® (70 ft%) of this volume shall be above the point of impingement of the flame on the
specimen, as space for the heat and smoke to accumulate so as not to influence the test;

b) an angle block (see Figure 27) to place the burner at a 20 +1 degree angle from the vertical
position. The angle block shall be capable of moving the flame into position on the specimen. It
shall also be capable of directing the flame away from the specimen beyond vertical, or
withdrawing the flame a minimum distance of 150 mm (6 in) from the specimen;

c) laboratory stands or other supports used to secure the specimen. These shall not create
updrafts or impede the air supply to the flame. Regardless of the method employed, the specimen
supports shall be 200 to 230 mm (7 to 9 in) apart;

d) al
suitab
+0.01
calibrg
cylind
NOTE:

change
methan

e)ale
f)afla

g)ati
secon

bo a\ b oA M_D 0 or—NM AN a

e for the calorific value of the gas and having an inside diameter of 9.5 _+0,
n) and a length of 100 £10 mm (4.0 £0.4 in) above the primary-air inlets. The/by
ted in accordance with ASTM D 5207 or NMX-J-192-ANCE or IEC 60695-11-3
br of gas, when used, is changed or refilled, or any of the apparatus is-¢hanged;

t is recommended that the burner flame be calibrated at least every 30 days and each time that a g
i or if any of the apparatus is changed. It is also recommended that where the _gas used is other
b specified for referee purposes, the burner flame be calibrated each day immediately before testing

hgth-measuring device accurate to 5 percent of char lefigth requirement;
e height gauge capable of measuring the specified flame heights; and

ming device capable of measuring the specified times in seconds, having a rg
d and an accuracy of £0.5 second.

9.1.4 Prepdration of specimens

A specimen {
300 mm (10 ¢
then straight
constructions|

hall be taken from a sample of\Wwire, cable, or cord, finished or during manufa
0 12 in) long, and shall be conditioned at ROOM TEMPERATURE for a minimum of
bned and secured horizontally to the specimen supports. In the case of]
the specimen shall be secured with its major axis in the vertical position.

9.1.5 Procedure

9.1.5.1 The
in), with an in
69 — 138 kPz
required flam

60695-11-3,
B mm (0.375
rner shall be
each time a

ylinder of gas is
an the grade of
is begun.

solution of 1

icture, 250 to
6 hours and
flat parallel

height ofdhe test flame, with the burner vertical, shall be adjusted to 125 £10 mm (5.0 +0.4

her blué cone 40 £2 mm (1.6 £0.1 in) high. A gas-supply gauge pressure of 10 -
or 690*— 1380 mbar or 700 — 1400 gf/cm? has been found to be adequate to
b. A'eylinder shall not be used when this range of pressure is no longer sustain

L 20 Ibf/in or
maintain the
able at room

temperature.
degrees from

Tl L L 1L N L ol bla L lal L N sk 4L L L
e DUurtict sridil o dilaulicUu U UIT dllglU UIUCKN WU |JUDIlIUII uare Durriect dl di
vertical.

angle of 20

9.1.5.2 A flat horizontal layer of cotton, 6 +3 mm (0.25 £0.12 in) thick and having dimensions of
approximately 200 x 200 mm (8.0 x 8.0 in) shall cover the floor of the enclosure and be centered under the
specimen. The upper surface of the cotton shall be 230 to 240 mm (9.0 to 9.5 in) below the point at which
the tip of the inner blue cone touches the specimen.

9.1.5.3 The test chamber and exhaust system shall be sealed and the fan shall be off during the test.
The burner shall be moved into position such that the tip of the inner blue cone of the test flame is applied
to the center of the specimen (see Figure 28). After 30 seconds the flame shall be withdrawn and the
specimen shall be allowed to burn until it self-extinguishes.

9.1.5.4 After the specimen has extinguished, the exhaust system shall be activated to remove all smoke
and fumes from the chamber.
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9.1.6 Resu

Its and calculations

9.1.6.1 The length of damage to the specimen shall be measured and recorded. Damage is defined as

charring, bur

ning, or melting.

9.1.6.2 Ignition of the cotton, if any, shall be recorded. Flameless charring of the cotton shall be ignored.

9.1.7 Report

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

a) lengthrof damage to the specimen; and

b) indjcation of ignition of cotton.

9.2 Burnin

9.2.1 Scope

particles (dropping)

This test establishes the method for determining the resistance to dropping of burning parti¢les of wire or

cable insulat

9.2.2 Mate

on during and after the application of a test flame.

rials and reactants

Materials andl reactants shall consist of

a) me

b) stdg
thickn

thane as described in 9.1.2(a); and

ndard newsprint having a mass-of 46.4 to 57.0 g/m? (0.086 to 0.105 Ib/yd?)
ess of 0.11 mm (0.043 in),.anda maximum ash content of 6.5 percent.

9.2.3 Appdratus

The apparatt

s shall consist of the following:

a) the apparatGs-as described in 9.1.3 (a), (b), and (d), and a means for suppo

Speci

b)at

men in a Vvertical position;

pst shield of sheet metal 300 £50 mm (12 £2 in) wide, 350 £50 mm (14 £2 in) d

A 19 1\ ke

+50

a maximum

rting the test

eep, and 600

7ko) kL VSR | SO aAf + A idad H 1R £,
LR \L"f — III} IIIUII UMNTTT At U1C tUp diiu 1TTUTIt armtua pruoviucu witlt 11icarto 1Vl oUppy

specimen in the vertical position; and

orting the test

c) a steel plate with a minimum thickness of 3 mm (0.1 in) with approximate dimensions of 200 x
300 mm (8 x 12in).

9.2.4 Preparation of specimens

9.24.1 A specimen 450 to 600 mm (18 to 24 in) in length shall be taken from a sample of wire, cable, or
cord, finished or taken from manufacture. The specimen shall be conditioned at ROOM TEMPERATURE for a
minimum of 6 hours and then straightened and secured vertically with the specimen supports.

9.2.4.2 The bottom support shall be at least 50 mm (2 in) below the point of impingement of the test
flame. The top support shall be at least 300 mm (12 in) above of the point of impingement of the test flame.
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9.2.5 Procedure

9.2.5.1 The specimen, apparatus, and surrounding air shall be at ROOM TEMPERATURE.
9.2.5.2 The steel plate shall be placed on the floor of the chamber under the specimen. A sheet of
newsprint with approximate dimensions of 200 x 300 mm (8 x 12 in) shall be laid flat on the steel plate.

9.2.5.3 The height of the test flame, with the burner vertical, shall be adjusted to 125 £10 mm (4.9 0.4
in), with an inner blue cone 40 +2 mm 1.6 +0.1 in) high. A gas-supply gauge pressure of 10 — 20 Ibf/in? or
69 — 138 kPa or 690 — 1380 mbar or 700 — 1400 gf/lcm? has been found to be adequate to maintain the
required flame. A cylinder shall not be used when this range of pressure is no longer sustainable at room

temperature.
degrees from

9.25.4 The
The tip of the|
removed for

than 238 mm

9.25.5 The
been made. I
be monitored

9.2.5.6 Afte
and fumes frd

9.2.6 Results and calculations

Combustion g
9.2.7 Repo
The test repo
9.3 FT1

9.3.1

This test esta

Scope

The burner shall ha attached to the Qngln block to pneifir\n the burner at o

vertical.

test chamber and exhaust system shall be sealed and the fan shall-beloff du
inner blue cone of the test flame shall be applied to the specimen,for, 15 secor
15 seconds. The tip of the blue cone shall impinge the specimen“at a distanc
(9.375 in) above the newsprint (see Figure 29).

application of the flame in 9.2.5.4 shall be repeated untily5 applications of th
During the test and up to 60 seconds following the fifth:flame application, the ne
for evidence of ignition caused by dropping of burning.particles.

" the specimen has extinguished, the exhaust'system shall be activated to remd
m the chamber.

f the newsprint, or the presence.of holes in the newsprint, shall be recorded.

t

t shall include, as.aminimum, evidence of combustion or holes in the newsprint

blishes the method for determining the resistance of a wire, cable, or cord t

angle of 20

ring the test.
ds, and then
e not greater

e flame have
wsprint shall

ve all smoke

b the vertical

propagation of flame.

9.3.2 Mater

Materials and

ials and reactants

reactants shall consist of the following:

a) methane as described in 9.1.2(a); and

b) 94 g/m? (60 Ib) kraft paper with a nominal thickness of 0.13 mm (0.005 in), gummed on one side.

9.3.3 Apparatus

The apparatus shall consist of the following:
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a) the apparatus as described in 9.1.3 (a), (b), and (d), and a means for supporting the test
specimen in a vertical position; and

b) a test shield as described in 9.2.3(b).
9.3.4 Preparation of specimens

9.3.4.1 A specimen having a length of 457 — 610 mm (18 — 24 in) taken from a sample of wire, cable, or

cord, finished or taken during manufacture, shall be conditioned at ROOM TEMPERATURE for a minimum of 6
hours and straightened.

h to facilitate
adhesion. W|th the gum toward the specimen, the strip shall be wrapped once around the\specimen, with
its lower edge 254 +2 mm (10 £0.1 in) above the point at which the tip of the inner blue.cong¢ of the flame
impinges on [the specimen. The ends of the strip shall be pasted together evenly and|trimmed to result in

an indicator flag that projects nominally 20 mm (0.75 in) opposite to the side towhich the flame shall be
applied. On g flat specimen, the flag shall project from the center of the broad face ‘of the spe¢imen.

9.3.5 Proce¢dure

9.3.5.1 Thqg specimen, apparatus, and surrounding air shall be at ROOM TEMPERATURE.

9.3.5.2 Thae specimen shall be mounted vertically in the supports in the chamber (see Figure 29). The
lower specinen support shall be located at least 50 mm (2¢in)'below the point at which the inper blue cone
of the flame ghall impinge on the specimen. The blue cane shall impinge the specimen at 3 distance not

greater than
located at leg

9.3.5.3 Wit
with an inner
69 — 138 kP
required flam
temperature.
degrees to th

9.3.54 Thg
smooth reap

The alignme
longitudinal

238 mm (9.375 in) above the bottom of the apparatus. The upper specimen su
st 50 mm (2 in) above the top of the kraft paper flag.

n the burner vertical, the height afithe test flame shall be adjusted to 125 10 m
blue cone 40 +2 mm (1.6 £0.1.in) in length. A gas-supply gauge pressure of 10
h or 690 — 1380 mbar or 700~ 1400 gf/cm? has been found to be adequate td
e. A cylinder shall not be_used when this range of pressure is no longer sustai
The burner shall then ‘be positioned on the angle block, with its barrel at a
e vertical.

motion of ¢he.angle block shall allow smooth removal of the flame from the g
blication of/the flame.

ht .of the angle block shall be such that the longitudinal axis of the burner b

pport shall be

m (5 £0.4 in),
— 20 Ibf/in? or

maintain the
hable at room
h angle of 20

pecimen and

arrel and the

xis.of the specimen are in the same plane.

9.3.5.5 The angle block shall be moved into position such that the tip of the inner blue cone of the flame
impinges on the outer surface of the specimen for 15 seconds, and is then moved away for 15 seconds.
This cycle shall be repeated until 5 applications of the flame have been completed. In all cases, the
movement of the angle block shall be smooth and quick, with minimum disturbance of the chamber air. On
a flat specimen, the flame shall impinge on the center of the broad face of the specimen. If the specimen
changes location due to heating or burning, the position of the burner shall be adjusted so that the point of
impingement remains on the same location of the specimen.

9.3.5.6 After the test is completed, the exhaust system shall be activated to remove all smoke and fumes
from the chamber.
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9.3.6 Results and calculations
During and after the test, the following shall be recorded:

a) percentage of the indicator flag burned away or charred (other than simply scorched or soot-
covered; the portion of the kraft paper in contact with the specimen is not considered part of the
flag); and

b) time for flaming of the specimen to self-extinguish, after removal of the burner flame following
the fifth application.

9.3.7 Report

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

a) pergentage of the indicator flag burned away or charred; and

b) ind|cation if flaming of the specimen exceeds 60 seconds after removal of the purner flame
following the fifth application.

9.4 FV-2/VW-1
9.4.1 Scope¢

This test establishes the method for determining the resistance of a wire, cable, or cord tp the vertical
propagation df flame and dropping of flaming particles.

9.4.2 Materjals and reactants
Materials and reactants shall consist of the‘following:

a) methane as described in 9.1.2(a);
b) surgical cotton as described in 9.1.2(b); and

c) kraff paper as described in 9.3.2(b).

9.4.3 Apparatus

The apparatusshall be as described in 9.1.3 (a), (b), and (d), and a means for suppoiting the test
specimen in a vertical position.

9.4.4 Preparation of specimens

9.4.4.1 A specimen having a minimum length of 610 mm (24 in) taken from a sample of wire, cable, or
cord, finished or taken during manufacture, shall be conditioned at ROOM TEMPERATURE for a minimum of 6
hours and straightened.

9.4.4.2 A strip of kraft paper 12.5 £1 mm (0.5 £0.1 in) wide shall be moistened just enough to facilitate
adhesion. With the gum toward the specimen, the strip shall be wrapped once around the specimen, with
its lower edge 254 +2 mm (10 £0.1 in) above the point at which the inner blue cone of the flame impinges
on the specimen. The ends of the strip shall be pasted together evenly and trimmed to result in an
indicator flag that projects nominally 20 mm (0.75 in) opposite to the side to which the flame shall be
applied. On a flat specimen, the flag shall project from the center of the broad face of the specimen.
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9.4.5 Procedure

9.4.5.1 The specimen, apparatus, and surrounding air shall be at ROOM TEMPERATURE.

9.4.5.2 The specimen shall be mounted vertically in the supports in the chamber (see Figure 29). The
lower specimen support shall be located at least 50 mm (2 in) below the point at which the inner blue cone
of the flame shall impinge on the specimen . The upper specimen support shall be located at least 50 mm
(2 in) above the top of the kraft paper flag.

9.4.5.3 A continuous horizontal layer of cotton shall be placed on the floor of the test chamber, centered
on the vertical axis of the test specimen, extending 75 to 100 mm (3 to 4 in) outward in all directions except

in the direction-of-the-bt Taay=Ya where it shall extend to J 1Ist contact the gngln block—The upper

cotton shall

flame shall impinge on the specimen. There shall be no cotton on the burner, or oncoriun

block.

9454 Wit
in), with an i
Ibf/in? or 69
maintain the
sustainable 4§
an angle of 2

9.4.5.,5 Thg motion of the angle block (to allow smooth¢removal of the flame from the s

smooth reap

The alignme
the specimer]

9.45.6 Thg
impinges on
This cycle s
movement o
a flat specim
changes loca
impingement

9.45.7 Wh
of the testing
be discarded

urface of the

pe 235 +6 mm (9.25 +0.25 in) below the point at which the tip of the blue inng

h the burner vertical, the height of the test flame shall be adjusted-fo 125 +10
hner blue cone 40 £2 mm (1.6 £0.1 in) in length. A gas-supply, dauge pressu
L 138 kPa or 690 — 1380 mbar or 700 — 1400 gf/cm? has_béen found to be
required flame. A cylinder shall not be used when thissrange of pressure
t room temperature. The burner shall then be positioneéd on the angle block, wi
0 degrees to the vertical.

blication of the flame) shall not disturb the layer of cotton on the floor of the enclg

ht of the angle block shall be such that;the axis of the burner barrel and the longi
are in the same plane.

angle block shall be movedtinto position such that the tip of the inner blue con
the outer surface of the specimen for 15 seconds, and is then moved away fo

the angle block shall\be smooth and quick, with minimum disturbance of the ch
en, the flame shall\impinge on the center of the broad face of the specimen. If
tion due to heating or burning, the position of the burner shall be adjusted so th
remains on.thie’'same location of the specimen.

en any\specimen emits flaming or glowing particles or flaming drops that fall ou
surface covered by the cotton, or fall onto the wedge or burner, or both, the teg
and the test repeated. For the repeat test, the area covered by the cotton may

r cone of the
der the angle

mm (5.0 0.4
re of 10 — 20
adequate to
is no longer
h its barrel at

becimen, and
sure.

udinal axis of

B of the flame
r 15 seconds.

nhall be repeated until 5-applications of the flame have been completed. In all cases, the

amber air. On
the specimen
at the point of

side the area
t results shall
be increased,

placed overt

he wedge, or both.

9.4.5.8 When flaming of the specimen persists longer than 15 seconds after removal of the burner flame,
the burner flame shall not be re-applied until immediately after the flaming ceases. If flaming ceases and
only GLOWING COMBUSTION continues after 15 seconds, the burner flame shall be re-applied.

9.4.5.9 After the test is completed, the exhaust system shall be activated to remove all smoke and fumes
from the chamber.

9.4.6 Results and calculations

During and after the test, the following shall be recorded:
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a) percentage of the indicator flag burned away or charred (other than simply scorched or soot-
covered; the portion of the kraft paper in contact with the specimen is not considered part of the
flag);

b) any ignition of the cotton. Flameless charring of the cotton shall be ignored; and
c¢) time for flaming of the specimen to self-extinguish, after the end of each application of the burner
flame.

9.4.7 Report

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

a) per
b) any]

c) ind
follow

9.5 FV-1/Veftical flame

This test is id
is, during the
of the specim
shall be reco
the specimen
included in th

9.6 Vertical

9.6.1 Scope¢

This test estq
of flame, whil

9.6.2 Mater

Materials and

Centage of the indicator flag burned away or charred;
ignition of the cotton; and

cation if flaming of the specimen exceeds 60 seconds after remeval of the
ng any application.

bntical to that described in 9.4 except that 9.4.5.859.4°6(c), and 9.4.7(c) shall n
test procedure, the flame shall be reapplied after45 seconds, regardless of wh
en persists longer than 15 seconds. The time“for flaming of the specimen to s
ded after removal of the burner flame follewing the fifth application. Indication
in excess of 60 seconds after removal of the flame following the fifth applica
B report.

tray flame tests (Method 1 — Vertical tray and Method 2 — FT4)

blishes the methodfer determining the resistance of a wire, cable, or cord to theg
b installed in a vertical tray.

als and reactants

reactants shall consist of

purner flame

pt apply; that
ether flaming
elf-extinguish
of flaming of
tion shall be

propagation

a) propane at a minimum 95 percent purity, having a heating value of 94 2 MJ/m® (2540 +50
Btu/ft®); and

b) compressed air.

NOTE: Propane gas defined as Special Duty Propane in ASTM D1835 or HD-5 Propane as defined in GPA Standard 2140 is

recommended.

CAUTION: Propane gas is denser than air and can settle and become an explosion hazard. Consult the
gas supplier for special precautions to be taken.

9.6.3 Apparatus

The test apparatus shall consist of the following:
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a) a test enclosure and exhaust duct (see Annex H, H.1 and H.2, and Figure H.1 — Figure H.3),
located in a test building that has vents for the discharge of combustion products and provisions for
fresh-air intake;

b) an exhaust fan and baffle system capable of producing an exhaust flow rate of 0.65 +0.05 m®/s

(23.0

+1.8 ft%/s) or 5 +0.4 m/s (16.4 +1.31 ft/s) in the duct (see Figure H.2);

c) velocity-measuring equipment (see Figure H.1) such as:

d) ag
the v

e)an

f) ste¢l cable trayssee Figure H.4);

g) wir

1) bi-directional probe (see Figure H.3);

2) temperature probe — Type K with an inconel sheath;

Ib/in?); and

4) computer controls/data acquisition equipment;
nturi mixer prior to entering the burner and composed of:

accuracy of + 3 percent (see 2);

2) airflow meter capable of measuring a flow rate of 13.3 x 10* m®%s (17
accuracy of + 3 percent (see 3);

3) needle valves for controlling the flow of propane and air;
4) a venturi mixer (see 4);

5) a ribbon burner (see 4) having a flame-producing surface (face) consisting
plate that is 341 mm (13-7/46 in) long and 30 mm (1-5/32 in) wide. The plate
array of 242 holes drilled.in-it (see Figure H.5); and

6) pressure regulators.for propane and compressed air;

ignition system;

b (copperor steel) ties not larger than 2.1 mm? (14 AWG);

h) afl

3) low pressure transducer (manometer) having a minimum resolution of 0.025 Pa (0.001

as train system (see Figure H.8) arranged such that the air and propane are mixed through

1) propane flow meter capable of measuring a flow rate of 2.3 x 10* m%s (29 ft*/h) to an

D ft*h) to an

of a flat metal
shall have an

pme height gauge (optional, see Figure H.1);

i) a hand-held vane anemometer capable of measuring wind speeds of 1 m/s (3.3 ft/s); and

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

NOTE 1: Provisions for the filtering of discharged gases and for compliance with safety and local environmental codes are not
addressed in this Standard.

NOTE 2: A propane flow meter (catalog no. 58-162788-00), available from Dwyer Instruments, 102 Indiana Hwy. 212, Michigan City,

IN 46361-0373,

USA, has been found to be suitable. Equivalent apparatus is also acceptable.

NOTE 3: An airflow meter (catalog no. RMC-103), available from Dwyer Instruments, 102 Indiana Hwy. 212, Michigan City, IN 46361-

0373, USA, has

been found to be suitable. Equivalent apparatus is also acceptable.

NOTE 4: A ribbon burner (catalog no. 10L 11-55) and venturi mixer (catalog no. 14-18) available from the AGF Burner Inc., 1955
Swarthmore Ave., Lakewood, NJ 08701, USA, have been found to be suitable. Equivalent apparatus are also acceptable.
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9.6.4 Preparation of specimen

9.6.4.1

9.6.4.1.1

General

Samples shall be taken from finished wire, cable, or cord.

9.6.4.1.2 Provisions shall be made within the chamber for securing the tray in the vertical position in the
center of the enclosure after specimens have been attached.

9.6.4.2 Method 1 — Vertical tray specimen mounting

The sample
straightened
and at two ot
in the center
shall be loca
specimens sh

Shall De CUl INto specimens Z44U mm (J0 In) nominal In lengtn. Specim

ner equally spaced points along their lengths (see Figure H.8). Specimens sha

all be determined using the following formula:

hnd fastened to the tray in a single layer by means of wire ties at their uppenan

150 mm (6 in) of the tray, one-half cable diameter apart. The lower end’of ea
ed not more than 100 mm (4 in) above the bottom end of the cdble tray. TH

bns shall be
d lower ends
| be installed
ch specimen
e number of

N- [ﬂ £033
Dmm '
or
N= [— +0.33
Din
where:
N = nymber of cables (rounded up to the nearest whole number, e.g., 3.14 = 4 specimgns)
D = digmeter of the cablesmm (in)

For a flat cable, the equivalent'cable diameter shall be calculated as

D= 1.128 x (TW)!"?

where:

T = length of the minor axis of the flat cable, mm (in)

W = length of the major axis of the flat cable, mm (in)

For ribbon cables, the spacing between adjacent cables shall not be less than 3.2 mm (1/8 in). The full
width of the tray may be utilized.

9.6.4.3 Method 2 — FT4 specimen mounting

9.6.4.3.1 Depending upon the outside diameter of the individual cable, the test specimens shall be either
separate, individual lengths or a bundle of individual lengths and shall consist of multiple 2440 mm (96 in)
lengths of the finished cable. The specimens or specimen bundles shall be centered between the side rails
in a single layer (see Figure H.8). The lower end of each specimen or specimen bundle shall be located


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 115

not more than 100 mm (4 in) above the bottom end of the cable tray. Each specimen or specimen bundle
shall be separately attached to each rung of the cable tray using one wrap of copper or steel wire not
larger than 2.1 mm? (14 AWG).

9.6.4.3.2 For cables smaller than 13 mm (0.51 in), the specimens shall be grouped into untwisted
bundles (nominally circular; see Figure H.8) as indicated in Table 8. The bundles shall be spaced one-half
bundle diameter apart on the cable tray as measured at the point of attachment to the cable tray.

9.6.4.3.3 For cables 13 mm (0.51 inch) and larger in diameter, each specimen shall be individually
attached to the cable tray with a separation of one-half cable diameter or 15 mm (0.59 in) (whichever is
less) between specimens. The tray loading shall comply with Table 9.

9.6.4.3.4 For aflat cable, the equivalent cable diameter shall be calculated using the followinhg formula:
D= 1.128 x (TW)"?

where:
D = calculated cable diameter, mm (in)
T = length of the minor axis of the cable, mm (in)

W = Igngth of the major axis of the cable, mm (in)
9.6.4.3.5 Forribbon cables, the spacing between adjacent cables shall not be less than 3.2[mm (1/8 in).
9.6.4.4 Conditioning

The mounted test specimens shall be conditioned for at least 3 hours at ROOM TEMPERATURE immediately
before the test is started.

9.6.5 Proceéedure
9.6.5.1 Startup

9.6.5.1.1 AJ the start®©f.the test, the apparatus and the air in the test area shall be at a temperature of at
least 5 °C.

9.6.5.1.2 Ppwershall be applied to the control system.

9.6.5.1.3 The propane flow shall be set to 220 +8 cm®s (28 #1 ft*/h) when corrected to standard
temperature and pressure (20 °C, 101 kPa (14.7 psi)). The airflow shall be set to 1280 +80 cm®/s (163 +10
ft3/h) when corrected to standard temperature and pressure, resulting in a calculated heat output of 20.5
kW (70,000 BTU/h). The burner shall then be shut off.

9.6.5.1.4 In order to establish and maintain a nominal exhaust flow rate of 0.65 +0.05 m®/s (23.0 +1.8
ft3/s) in the duct, the velocity in the duct shall be maintained at 5 m/s (16.4 ft/s) by using either manual or
automated control baffles in the duct, or by adjusting the exhaust fan speed.

9.6.5.2 Method 1 — Vertical tray

9.6.5.2.1 The prepared tray shall be firmly secured in the vertical position (see Figure H.1).
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9.6.5.2.2 The burner shall then be positioned on the side opposite from where the specimens are
mounted, with the burner face vertical and its long dimension horizontal. The burner face shall be placed
76 £5 mm (3.0 £0.25 in) horizontally from the nearest surface of the specimens, parallel to the tray rungs
and centered midway between the side rails of the tray. The center-point of the burner face shall be
positioned 457 +6 mm (18 +0.25 in) above the bottom end of the tray and midway between two tray rungs
(see Figure H.6, Horizontal).

9.6.5.2.3 The door of the chamber shall be closed and remain closed for the duration of the test.

9.6.5.2.4 The burner shall be re-ignited and the gas and airflows shall be adjusted to the values indicated
in 9.6.5.1. The burner flame shall be applied continuously for 20 minutes or until the specimen burns to the
top of the tray,

9.6.5.2.5 Af
allowed to bu

96526 A
the 20 minut

er 20 minutes, the burner flame shall be extinguished and the specimen firel(if
n itself out.

record shall be kept of the specimen flame height (cm or in) atone-minute int
b test, as well as the time in minutes/seconds that specimens continue to flg

removal of th¢ burner flame.

9.6.5.3 Met

9.6.5.3.1 TH
96.5.32 T
mounted, wit
Angled). The
to the tray ru
shall be place

9.6.5.3.3 Th

9.6.5.3.4 Th
in 9.6.5.1. Th

top of the tray.

9.6.5.3.5 Af
allowed to bu

!

nod 2 - FT4
e prepared tray shall be firmly secured in the vertical position (see Figure H.1).

e burner shall then be positioned on the~same side of the tray where the s
the burner face angled 20 degrees +2 degrees upward from the horizontal (se
top of the burner shall be located 305225 mm (12 + 1 in) above the base of the
ngs and centered midway between.the side rails of the tray. The leading edge
d 76 +£5 mm (3.0 £0.25 in) horizontally from the nearest surface of the specimen

any) shall be

ervals during
me following

ecimens are
b Figure H.6,
tray, parallel
of the burner

-

D.

e door of the chamber shall:be closed and remain closed for the duration of the {est.

e burner shall be re-ignited and the gas and airflows shall be adjusted to the val
e burner flame shall be applied continuously for 20 minutes or until the specimer

er 20 minutes, the burner flame shall be extinguished and the specimen fire (if
n itselfout.

9.6.536 A

les indicated
burns to the

any) shall be

ad obaoll I ] $ ~f £ H £l bhaiakbt L H-AWP~Y 3 H o 1t
CLUTru oridirtT T l\UlJl Ul unrc O'JCUIIIIUII marmme IICIHIIL \\JIII Ul III} dlU UTIeTmmmmmute it

ervals during

the 20 minute test, as well as the time in minutes/seconds that specimens continue to flame following
removal of the burner flame.

9.6.6 Results and calculations

9.6.6.1

Data acquisition

The exhaust speed data system shall measure the exhaust speed every 5 seconds and generate a graph

of velocity for

the duration of the test (see Figure H.9 for a typical plot of velocity graph).
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9.6.6.2 Evaluation of damage

9.6.6.2.1

After burning has ceased and the specimens are allowed to cool, they shall be wiped clean,

and the maximum extent of char determined. Soot that can be removed with a cloth shall be ignored.

NOTE: For information, other damage such as melt or blistering may also be recorded.

9.6.6.2.2 The limit of charring shall be determined by pressing against the specimen surface with a sharp
object. Where the surface of the specimen changes from a resilient surface to a brittle or crumbling

surface, the |

9.6.6.23 |

imit of charring has been determined.

eristics of the

compounds
in the overall

9.6.6.3 Acq
9.6.6.3.1

The char hei
the tray.

the event that materials do not char UPoN-eXposure to flame due to the charac

Ised, other significant damage in the vicinity of the maximum visible flame heig

specimen diameter being visibly reduced or increased shall be considered-chay”.

eptance criteria

Method 1 — Vertical tray

ght of all specimens shall be less than 2440 mm (96 in) When measured from

9.6.6.3.2 Method 2 - FT4

The char he
measured frg

NOTE: Refer to
the requirement

9.6.7 Repdrt

The report sh

a)de

ight on the most centrally located specimiens shall not exceed 1500 mm
m the lower edge of the burner face.

the specific product standard for the requirements. Where the product standard does not specify |
in this standard applies.

all include, as a minimum, the following:

scription of specimens — that is, wire or cable size, Type designation, componen

the n

mber of specimen lengths or bundles;

b) test method-(vertical tray or FT4);

c) chgrheight;

ht that results

the bottom of

59 in) when

he requirements,

 makeup and

d) flame height in 1 minute intervals;

e) after-burn time; and

f) velocity graph.

9.7 ST1 limited smoke

9.71 Scop

e

This test establishes the method for determining the total smoke released and peak smoke release rate in

a wire, cable

, or cord during the vertical tray flame tests in 9.6.
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9.7.2 Apparatus

The apparatus shall be as described in 9.6.3, and also consist of the following:

a) smoke measuring equipment (see H.5 of Annex H); and

b) data acquisition system (see H.5 of Annex H).

9.7.3 Preparation of specimens

Specimens shall be prepared in accordance with 9.6.4.

9.7.4 Proceldure

9.7.41
9.741.1 At
using 0.1, 0.2

in front of the
by the neutra

where:

oD

Pretest smoke measuring equipment calibration

the start of each day of testing, the light source and photoelectric cell shall
,0.3,04,0.5,0.6,0.7, 0.8, 0.9, and 1.0 neutral-density filters.\Each filter shall |
photoelectric cell to cover the entire width of the light path. Fhe attenuation of
-density filters shall be used to calibrate the optical density_as follows:

i

OD = loglo[ I

bptical density

Iy = clgar-beam photoelectric cell signal

| = photoelectric cell signal atteénuated by the neutral-density filter

NOTE: Units of |

NOTE: Wratten
acceptable. Filte
photography sup|

and | are the same, determined by the equipment used.

filters from Kodak “Company have been found to be suitable for the purpose. Equivalent app
rs calibrated.tova set of calibrated filters traceable to national standards are available from
plies vendor:

97412 T
neutral-densi

e calculated values of OD for each filter shall agree within £3 percent of t

Tv values. The average deviation of all of the measurements shall be within +1 pq

be calibrated
be positioned
incident light

aratus are also
a professional

e calculated
rcent.

9.7.4.2 Test

The smoke measuring equipment and data acquisition systems shall be turned on, and the remainder of
the procedure shall be carried out in accordance with 9.6.5.

9.7.5 Results and calculations

9.7.5.1

Smoke release rate

The smoke release rate (SRR) shall be calculated using the optical density per linear path length in the
duct and the volumetric flow rate. The following equation shall be used to determine the SRR:
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(ODx M 1)
RR= ———
5 0.4064
where:

SRR = smoke release rate, m?/s
OD = optical density

M, = volumetric flow rate, m%/s, in the exhaust duct, referred to 298K

0.4(}"11 = path :UI Iuth ;II thc duut, LILILI
9.7.5.2 Acgeptance criteria
9.7.5.21 thod 1 — Vertical tray

For each tedt, in addition to compliance with 9.6.6.3.1, the total smoke released in 20 min
exceed 95 mf, and the peak smoke release rate shall not exceed 0.25 m?/s:

9.7.5.2.2 thod 2 - FT4

For each test, in addition to compliance with 9.6.6.3.2, the total smoke released in 20 min
exceed 150 m?, and the peak smoke release rate shall not.exceed 0.40 m?/s.

NOTE: Refer to|the specific product standard for the requirements. Where the product standard does not specify {
the requirementlin this standard applies.

9.7.6 Repdrt
The report shall include, as a minimum,;the information in 9.6.7 and the following:

a) totII smoke released;.and

b) pedk smoke release’rate.

9.8 Fire prppagation/RPI

utes shall not

utes shall not

he requirements,

9.8.1 Scople

This test establishes the method to determine the resistance to fire propagation of wire, cable, or cord.

9.8.2 Materials and reactants

The materials and reactants shall consist of gas for an ignition source.
9.8.3 Apparatus

9.8.3.1 General

The apparatus shall consist of the following:

a) a chamber in accordance with Figure 30, containing the following:
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1) three air-tight doors with windows;
2) vents located at the lower ends of the lateral doors, to regulate air velocity;

3) a metallic structure that supports and permits vertical sliding of the oven (s
and Figure 32 for dimensions);

ee Figure 31

4) an extractor (exhaust) mounted at the top of the chamber, with its intake located along

the chamber axis;

5) an electrical oven comprising essentially a tube of aluminum silicate havi

ng an inside

diameter of 100 £3 mm (4 £0.1 in), an outside diameter of 115 mm +3.5 mm (4.5 £0.15 in),

and a length of 203 +6 mm (8 +0.25 in): on which a 1.307 mm? (16 AWG) cera

mic insulated

b) an
+0.2 in

c) ati

nickel-chromium resistance wire is wound;
6) a variable power supply capable of providing the required current;

7) two gas burners provided with a V-shaped deflector in accordance with Fi

mm (0.8 +0.2 in) in length, and shall be fixed in a mechanism that maintain
distance E between the burners and the test specimen;

8) metallic chimney with an internal diameter of betwéen 120 and 125 mm (
along the same axis as the oven, attached to theymetallic structure and at 3(
+0.04 in) above the oven when at its highest pasition, and shall have three ser
the periphery, separated 120 degrees apart ds.indicated in Figure 34;

9) a stainless steel tube with the dimensions indicated in Figure 35;

10) a temperature measuring deviceshaving a range of 0 to 1200 °C, that inclu
thermocouple attached to the stainless steel tube;

11) a copper bar of minimum:99 percent purity, with its surface blackened by p
the flame of a candle. A‘thermocouple shall be located inside the bar and cg
temperature measuring“device having a range of 0 to 1200 °C. The constructi
and thermocouple.shall be in accordance with Figure 36; and

12) inorganic thermal insulation to cover the upper end of the oven;

bnemometerwith an accuracy of +3 percent and fins having a diameter of 95
) to measure the velocity of air that passes through the chimney; and

mingvdevice capable of measuring the specified time in seconds, having a rg

gure 33. The

burners shall produce a flame 15 £5 mm (0.6 0.2 in) in diameter and a blug cone 20 +5

s a constant

1.8 and 5 in)
1 mm (1.2
es of slots in

Hes a Type K

hssing it over
nnected to a
on of the bar

t+5 mm (3.75

solution and

accur

£1 A
Ly Ul T oCUUITU.

9.8.3.2 Calibration of oven

NOTE: It is recommended that the oven be calibrated every six months or less, depending on the frequency of use.

9.8.3.2.1

During oven calibration and air velocity adjustment, the air surrounding the chamber shall be

calm and at a temperature greater than 15 °C. The copper bar shall be suspended from the metallic
structure in such a way that when the oven is at its highest position, the bar is centered on the axis of the
oven. The bar shall be at a temperature less than 55 °C. The oven shall be moved to its lowest position,
with the upper end covered with the inorganic thermal insulation, and heated until the temperature
measured with the thermocouple attached to the stainless steel tube has stabilized. Stabilization is
achieved when the temperature recorded does not vary by more than 5 °C in an hour.
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9.8.3.2.2 Once the oven temperature has stabilized, the oven shall be uncovered and moved to its
highest position within 5 seconds. The temperature of the copper bar shall be recorded at 5 seconds and
35 seconds. The rate of temperature rise shall be calculated using the following formula:

Ts— T
yo 23515
30

V = rate of temperature rise, °C/s

raaftar 26 conaonda O

where:
T35 =
Ts=r]
9.8.3.23 T

entire calibration procedure shall be repeated with an adjusted power supply setting until the

of temperatu

NOTE: The tem

9.8.3.3 Adj

The anemometer shall be placed between the bottom of the chimney and the oven while

position (and

until an air velocity of 120 £10 m/min (394 +33 ft/min) has been obtained. The determination

shall be the
extractor has

9.8.4 Preparation of specimens

Two specimd
wire, cable, @
with one of th

justing the air velocity

oor ranaratil
CoUTOC U TTraturc—ancT oo SCOUTIOS, O

ecorded temperature after 5 seconds, °C
he required rate of temperature rise shall be 3.3 0.1 °C/s. If this value is not

‘e rise is achieved. This power supply setting shall be used for the test.

berature of the oven is typically greater than 780 °C when it is stabilized.

while the oven is turned off). The extractorshall be turned on and the lower v

pverage of three measurements takeniat 5 minute intervals, beginning 10 min
been turned on.

ns, each a minimum of 4600 mm (63 in) in length, shall be taken from the sa
r cord, finished or taken during manufacture. The specimens shall be prepared i
e following, as appropriate:

a)if t

in), the specimen shall consist of a single length;

b) if the diameter of the sample is larger than 15 mm (0.6 in) and less than or equal to
the specimen shall consist of three lengths arranged in parallel and tied by metallic st

e diametersof the sample is larger than 25 mm (1 in), and less than or equal to

obtained, the
required rate

at its highest
ents adjusted
of air velocity
utes after the

me sample of
n accordance

70 mm (2.75

25 mm (1in),
rands at each

end, at a point corresponding to the middle of the oven, and at a point corresponding to the middle
of the chimney. The specimen shall be arranged such that one length is placed toward the rear of
the chamber, in accordance with Figure 37; or

c) if the diameter of the sample is less than or equal to 15 mm (0.6 in), the specimen shall consist of
7, 12, 19, or more lengths tied together, such that the total diameter of the bundle is between 30
and 45 mm (1.20 and 1.75 in). The bundle shall be twisted in layers such that the lay of twist is
approximately 15 times the diameter of the bundle. The bundle shall be tied in accordance with

Item (

b).
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9.8.5 Test procedure

9.8.5.1 The air surrounding the chamber shall be free from drafts and at a temperature greater than 15 °
C. With the oven at the lowest position, and the inorganic thermal insulation covering in place, the heat
shall be applied until the temperature stabilizes, as described in 9.8.3.2.

9.8.5.2 The specimen shall be mounted in a vertical position using clamps or ties at both ends of the
specimen. The chimney shall be closed, and the burners ignited and adjusted to a distance E from the

surface of the specimen, determined by the following formula:

E=D+d+10 mm

where:
E=di
D =di
d = dig

9.8.5.3 The
its highest po

9.8.5.4 The
shall be turne

9.8.55 Wh

turned off. Tm

allowed to se

9.8.5.6 The

or

E=D+d+04in

stance between the axes of the burners, mm (in)
hmeter of the specimen, mm (in)

meter of the flames, mm (in)

inorganic thermal insulation covering shall be’removed from the oven and the o
sition within 5 seconds.

extractor shall be turned on and the timing device started. After 10 minutes,
d off for 1 minute, and then turned’on for the remainder of the test.

n the timing device reads\30 minutes, the oven shall be moved to its lowest
e extractor shall remain“on. The burners shall be turned off and the specir
f-extinguish.

specimen shall-be marked at the bottom of the chimney to serve as a referer

removed. Th

specimen,'shall then be examined, and the height of degradation from the re

shall be measured. Only the carbonized portion of the specimen shall be considered as
degraded by fhe firexDeposits produced from combustion, as well as melting, softening, and
specimen, shpll e ignored.

en moved to

the extractor

position and
nen shall be

ce point and
erence point
having been
blisters in the

9.8.5.7

If there is doubt as to whether a particular portion is included in the measurement, the specimen

shall be cleaned and afterwards, pressure applied with a knife in the area in question. Breaks or cracks
that occur in the specimen as a result shall be considered as degradation and that portion of the specimen
shall be included in the measurement.

9.8.5.8 The

procedures in 9.8.5.2 — 9.8.5.7 shall be repeated on the second specimen.

9.8.6 Results and calculations

The length of

degradation of both specimens shall be recorded.
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9.8.7 Report

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

a) specimen diameters;

b) number of conductors in the specimens; and

c) lengths of the degradation.

9.9 Smoke

emission

9.9.1 Scople

This test est
value during

NOTE: Testing g
9.9.2 Mate
The material

a) filt
press

b) prq
in/m

CAUTION: R
gas supplier

bblishes the method for determining the specific optical density and the smok
combustion of a wire or cable.

f flat cables is under consideration.
fials and reactants

5 and reactants shall consist of the following:

ure between 0.10 and 0.17 MPa (15 and 25.16f/in?); and

n).

for special precautions to be\taken.

9.9.3 Appdratus

The apparaty

a)as|

b)ari

s shall consist'of/ithe following:

moke density (NBS) chamber* in accordance with ASTM E662 or NMX-J-474-A

gid-inorganic thermal insulation having a nominal thickness of 12.7 mm (0.50 in)

pane having 95 percent minimum purity, available at a minimum flow rate of 4

ropane gas is denser than air_.and can settle and become an explosion hazarg

e obscuration

bred compressed air available at a minimumflow rate of 500 cm®min (30 in*/min) and a

0 cm¥min (3

. Consult the

NCE;

c)clo

d)alu

h suitable tor cleaning optical windows; and

minum foil 0.040 +0.002 mm (0.0016 +0.0001 in) thick.

*NOTE: Stanton Redcroft or Superpress chambers have been found to be suitable. Equivalent apparatus are also acceptable.

9.9.4 Preparation of specimens

9.94.1

(c) only apply to thermoplastic materials:

Three specimens shall be prepared in accordance with one of the following means. Items (b) and

a) for wire or cable up to and including 10 mm (0.40 in) in diameter, samples of finished wire or
cable shall be cut into 76 £1.5 mm (3 £0.06 in) lengths and arranged in one layer, in parallel and in
contact with one another, so as to fill the tray. If it is not possible to fill the tray due to the individual
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diameters of the wire or cable, the maximum number of wires or cables shall be arranged, and
spaced as evenly as possible, across the tray;

b) for wire or cable greater than 10 mm (0.40 in) in diameter, specimens shall be prepared from
samples of compression-molding plaques of jacket or insulation material, 76 + 1.5 mm? (3 +0.06
in?) and having a thickness of 2 0.2 mm (0.08 +0.008 in); or

c¢) in the case of multiconductor cables having a diameter greater than 10 mm (0.40 in), jacket and
insulation materials shall be tested separately. The jacket specimen shall be prepared in
accordance with ltem (b), and the insulated conductors shall be prepared in accordance with either
Item (a) or Item (b), based upon the insulated conductor diameter.

9.94.2 The
and relative h

9.94.3 Eac
in contact wit
when the tray
the specimen
specimen in

9.9.5 Procedure

9.9.5.1 Alle

9.95.2 The
of the optical

9.9.5.3 The
the smoke ch

then be shut ¢ff, and the time required for¢he pressure to fall to 50 mm of water (2 in) shall no

5 minutes. If
seal of alumir

9.954 The
in front of the

9.955 The
adjusted to O

Specimens shait be conditioned at 60 £ 3~ C for 24 hours and then mamtamne
umidity of 50 £5 percent for 1 hour.

n specimen shall be wrapped with a single sheet of aluminum foil, with;the dull S
n the specimen and then mounted in the holding tray so that the wirés or cable
is mounted in the chamber. The foil shall be cut away carefully to"expose the
The rigid inorganic thermal insulation shall be placed to the réar of the specimg
lace, and the holding clamp inserted.

smoke chamber shall be free of contaminants. The glass surfaces of the emitter
system shall be cleaned using ethyl alcehol or other adequate cleaner.

smoke extraction system, the ventilation window, and the chamber door shall bs
amber pressurized through the “flame/air” duct to 75 mm (3 in) of water. The ai

he time is less than 5 minutes, the smoke chamber is not adequately sealed, a
um foil shall be changed.

tray, along with the' rigid inorganic thermal insulation, but with no specimen, sh
oven.

chambker)shall be heated to 35 +2 °C for a minimum of 1 hour. The optical sys
percent'and 100 percent of transmittance on the data acquisition system.

at23+3 °C

ide of the foil
S are vertical
front face of
en to hold the

quipment shall be calibrated in accordance with the equipment manufacturer’s ipstructions.

and receiver

e closed, and
r supply shall

be less than
nd the safety

all be placed

tem shall be

9.9.5.6 Adjustment of the oven radiation power shall be made using a calibrated radiometer. The voltage
produced by the radiometer shall be equal to the value specified in the radiometer calibration report, for a
radiation power of 2.5 + 0.05 W/cm?. The oven radiation power shall be adjusted as frequently as required

to maintain th

e specified value.

9.9.5.7 The burner shall be positioned 6.4 +0.8 mm (0.25 £0.03 in) above the bottom opening of the tray
and at a distance of 6.4 £1.5 mm (0.25 £0.06 in) from the face of the tray and then ignited. The gas flow
rate shall be adjusted to 50 cm®/min (3 in*/min) and the airflow rate to 500 cm®/min (30 in*/min).

9.9.5.8 The tray that contains the specimen shall be mounted beside the tray having only the rigid
inorganic thermal insulation. The tray with the specimen shall be pushed in the front of the oven,
displacing the other tray. The door to the chamber shall be closed and percentage transmittance data
collection started. Data collection shall be carried out at a rate of at least once every 60 seconds.
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Once the photomultiplier indicates a reduction in transmittance, the ventilation window shall be completely
closed. If the level of transmittance falls to lower than 0.1 percent, the window of the chamber shall be
covered to avoid the influence of external light on the measurement.

9.9.5.9 The test shall continue for 3 minutes after the minimum transmittance is reached, or for 20
minutes of testing, whichever occurs first.

9.9.5.10 The remaining specimens shall be tested in accordance with 9.9.5.1 — 9.9.5.9. If any test shows
abnormalities, such as the specimen falling from the tray, melted material totally covering the tray,
temporary extinguishing of the flame, or movement of the specimen from the irradiation zone, these and all
previous results shall be discarded, and three new specimens shall be tested.

9.9.5.11 If the highest test result exceeds the lowest test result by 50 percent or less, 'all three results
shall be recorded. If the highest test result exceeds the lowest result by more than~50 percent, three
additional sppcimens shall be tested and all six results shall be recorded.

9.9.5.12 THe test shall be terminated by turning off the data acquisition systemi.and purgind the chamber
by turning on the blower and opening the vents.

9.9.6 Results and calculations

9.9.6.1 The specific optical densities for each specimen shal) be determined from Table[ 10 using the
percent trangmittance values obtained during each minute of the test.

9.9.6.2 The maximum specific optical density, Dm, fer¢éach specimen, corresponding to|the minimum
transmittance, shall be determined from Table 10 or“by automated means. The average |value for the
specimens shall be calculated.

9.9.6.3 Thg smoke obscuration value for each specimen, VOF,, shall be calculated using the following
formula:

dy

VOF, = dy+dy+ds+ =

where:
VOF,|= the stnoke obscuration value

d,, d;} d3yand d, = the specific optical densities recorded at each of the first 4 minutes

The average value for the specimens shall be calculated.
9.9.7 Report
The report shall include, as a minimum, the following information:

a) number of lengths mounted on the tray;
b) specimen type (length or plaque); and

c¢) individual and average values of VOF, and D,,.
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9.10 Halogen acid gas emission
9.10.1 Scope

This test establishes the method for determining the amount of halogen acid gas, evolved during the
combustion of polymeric materials taken from electrical cables, in equivalent hydrochloric acid amount.

9.10.2 Apparatus, equipment and reactants

9.10.2.1 Apparatus and equipment

9.10.2.1.1 pparatus shait inctude the following:

a) tubp furnace with uniform temperature rise control, capable of producing attemperature up to
1200 {C. The minimum length of the furnace shall be 300 mm (11.81 in);

b) glazed porcelain combustion boats nominally 75 mm x 10 mm x 9 mm)2.95 in x 0.39 in x 0.35

in);

c¢) high temperature heating tape capable of maintaining a minimum temperature of 160 °C on the
surface of the glass tube;

d) thrde water traps nominally 55 +5 mm (2.17 £0.20 in) iidiameter;
e) air flow meter with a range of 0 to 200 ml/min;
f) chrgnometer with a resolution of 1 second;
g) glags beakers with capacities of 600 mliand 250 ml;
h) wagh bottle;
i) 500 ml volumetric flask;
j) 100 mi volumetric flask ofpipette;
k) 1 m] volumetric pipétie;
1) 25 ml graduated buret;
J

m) buret stand;

n) buret elamp;

0) potentiometer (mV);

p) measuring electrode (silver or platinum);
q) calomel reference electrode;

r) magnetic agitator;

s) magnetic bar; and

t) a precision scale with a resolution of 0.001 g.

9.10.2.1.2 The complete test arrangement shall be as illustrated in Figure 38.
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9.10.2.1.3

9.10.2.2 Materials and reactants

The materials and reactants shall consist of the following:

a) distilled water,;

b) dry compressed air;

c) 0.1

normal solution of sodium hydroxide (NaOH);

Figure 38 also illustrates the design and the assembly of the combustion tube used in the test.

d) comcentrated nitric acid (HNO3);

e)0.1

f) chfomic acid solution (6 g potassium dichromate in a minimum amount of g

comb

normal solution of silver nitrate; and

ned with 200 ml of concentrated sulfuric acid).

9.10.3 Preparation of specimens

Component aterial shall be taken from finished wire or cable, or<from wire or cable during

A quantity of]
of the test sp|

9.10.4 Prog

9.10.4.1 Th
oven, or subj
room temper

NOTE: Conditio
9.104.2 A

9.104.3 TH
the tube is ce

9.10.4.4 Th

material sufficient for performing a minimum of thrgetests shall be taken. Any
ecimen shall be avoided.

cedure
e combustion boat shall be conditioned for two hours at the maximum test tem

ected for one minute to the blue cone of the flame of a Bunsen burner, and allo
pture. A combustion boat shall not'be used after exposure to acid eight times.

hing is carried out in order to remove any organic residues prior to the test.
D.5 — 1 g specimen-shall be placed into the combustion boat.

e combustion boeat with the sample inside shall be inserted into the combustio
ntered in oyen.

9.104.5 TH
second and t

hird traps shall have a sintered glass diffuser.

istilled water

manufacture.
rontamination

berature in an
ved to cool to

n tube so that

e combustion and gas collection system shall be installed in accordance with Figure 38.

e wastTbotttes(see Figure 38, partmumbert+1)strattcontaim t60mteachrof 67+ N NaOH. The

9.10.4.6 The dry air supply shall be started through the system and stabilized at a rate of 110 £25 ml/min.
Care shall be taken to ensure that there are no air leaks in the system. This can be verified by applying
soapy water with a brush to joints in the system and no bubbles form as a result. Regulation of air flow

from the syst

em shall be performed with the air flow meter and stopwatch.

9.10.4.7 The heating tape shall be placed into the system between the combustion furnace and the first
water trap of NaOH. The heating tape shall maintain a minimum temperature of 150 °C on the surface of
the glass ducts during testing.

9.10.4.8 The oven temperature shall be brought to 800 +10 °C at a rate of 20 ° C/min. Once this

temperature

is reached, it shall be held for 20 minutes and then turned off.
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9.10.4.9 At the conclusion of the specified time, the water trap system shall be disconnected, starting
from the trap furthest from the furnace.

9.10.4.10 The air supply shall be disconnected and the system shall be allowed to cool.

9.10.4.11

contaminating the combustion tube.

The combustion boat with solid wastes shall be removed, preventing solid waste from

9.10.4.12 The contents of the water traps shall be combined into a 500-ml volumetric flask. The inside of
the combustion tube, the water traps, and the system connections shall be washed with distilled water.
The wash water shall be added to the volumetric flask.

910413 T
water.
9.104.14 H

extracted angl poured into a beaker, to which 1 ml of concentrated nitric @cid shall be

electrodes sh
shall be titrate

9.104.15 T
indicated by t

9.10.4.16 F
(without spec

NOTE 1: For rap
boat with the spq
not acceptable a

NOTE 2: Sintere

9.10.5 Results and calculations

he volume in the flask shall be increased to a maximum of 500 +0, -1 ml by'ad

g

J

rom the 500-ml solution, 100 ml of the solution obtained in the\previous

all be inserted into the solution and connected to the potentiometer. The silver ni
d into the solution, with steady agitation during the entire titration.

he quantity of silver nitrate solution in milliliters and thé corresponding value ir
he potentiometer shall be recorded.

ding distilled

tep shall be
added. Both
trate solution

millivolts as

pr each specimen to be analyzed, three titrations shall be made, as well as @ control test

men). The result shall be the average of the.three titrations.

d control testing, preheat the combustion tubeat'800 °C, adjust the air flow and subsequently place
cimen into the combustion area. The results\of such a test are only for guidance of the expected va
5 precise values for the specimen under study.

| glass diffusers may be cleaned using chromic solution.

9.10.5.1 De

9.10.5.1.1

each of the degrees.and qualifications in black, placing the milliliters used in the y-axis. The
point (turning point) is calculated through the graph as shown in Figure 40. Alternatively
method can heapplied to any calculation method for estimating the equivalence point.

ermination of(the’'volume of silver nitrate in the equivalence point

he equivalence point by graphical method shall be determined by constructin

the combustion
ue, but they are

j a graph for
equivalence
he graphical

9.10.5.1.2

Figure 40 shows a typical titration curve for titration of the sample. Figure 39 shows where the

point of equivalence is obtained (volume of silver nitrate solution used in the calculations) by graphical

method.

9.10.5.1.3 The control titration is obtaining a curve similar to that shown in Figure 41 (undefined potential
at the beginning of the curve), indicating the absence of halogens in the solution under analysis.

9.10.5.2 Determination of amount of halogen acid gas

9.10.5.2.1

gram (g) of sample, or as a percentage of hydrogen chloride as follows:

The quantity of halogen gas shall be expressed as hydrogen chloride in milligrams (mg) per
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36.5 % (a— b)N%
HCImg/g = p”
36.5 % (a— b)N%
HCly = =50
where:
HClg,g = quantity of halogen acid gas evolved, mg/g
HCly, [F quantity of halogen acid gas evolved, percent
a = vplume of the silver nitrate solution at the equivalence point used in the‘deternination of the
sampje ml
b = vglume of silver nitrate solution used in the control test, ml

N=n
Vf:V

A=a

m = mass of the sample, g

9.10.5.2.2

differs from t
of three speg
differ from th

9.10.6 Repport

The report sh

brmality of the silver nitrate solution, equivalent weight per liter.
plume of the volumetric flask, 500 ml

mount of solution extracted in accordance with 9.40¢4.13, (100 ml)

Following the calculations, the three determinations shall be averaged. If any in
ne average by more than 5 percent;.the test shall be considered invalid and an
imens shall be tested. If the individual results from the additional set of specime
b average by more than 5 percent; the test shall be considered invalid.

all include, as a minimum, the following:

a)na

b) ty

¢) mass of.specimens in each determination;

e of test laboratory;

product;

Hividual result
additional set
s continue to

d) volume of silver nitrate used in each determination including during the control test;

e) percent of evolved hydrogen chloride per gram of sample for each determination;

f) ave

rage values obtained;

g) comments and observations about results;

h) test date; and

i) product type.
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9.11 Acid gas emission
9.11.1 Scope

9.11.1.1  This test establishes the method for determining the amount of acid gas, other than hydrogen
fluoride, evolved during the combustion of nonmetallic component materials of wire or cable.

9.11.1.2 This test method establishes the method for determining the acid gas content of materials
containing chlorine, bromine, and other elements, if they release acid gases, but is not recommended for
use with fluoropolymer materials. When the method is used on materials capable of generating acid gases
other than hydrogen chloride (such as hydrogen bromide or sulphur-containing acids, or acetic acid),
either instead—of-or-as—well-as hyrlrngnn r\hlnridn, tho rosulis do not rnprnenhf the—actual-acid Species

emitted.

9.11.1.3 In|order to know what species are actually present as acid gases, the/type|of elements
responsible f¢r the acid gas emission in the compound being tested shall be definéd,

9.11.1.4 A Qasic understanding or formal training on the basic principles of chemical analysjs is required
in the performance of the acid gas test methods.

9.11.2 Matdrials and reactants
The materialg and reactants shall consist of the following:

a) disllled, deionized, or demineralized water having a pH of 5.5 to 7 and a maximum conductivity
of 10 WS/cm;

b) dry jcompressed air;
c) 0.1 hormal solution of sodium hydroxide (NaOH); and
d) methyl red indicator solution,

9.11.3 Apparatus

The apparatys shall be ashillustrated in Figure 42 and Figure 43, except that the water tfaps shall be

connected by fitted glass or ball and socket joints. The apparatus shall include the following main
components:

a) thrde'water traps nominally 25 x 200 mm (1 x 8 in);

b) quartz glass combustion tube with ground glass connections at the inlet, for air input, and
discharge end, having an internal diameter of approximately 25 mm (1 in) and minimum length of
two times the length of the furnace (preferred length is 700 to 900 mm (28 to 35 in));

c) glazed porcelain combustion boats nominally 75 mm (3 in) long, 10 mm (0.4 in) wide, and 9 mm
(0.4 in) deep. Boats shall be preconditioned at the test temperature for a minimum of 2 hours then
returned to ROOM TEMPERATURE. Boats shall be used a maximum of 8 times;

NOTE: Used boats are likely to result in lower values.

d) tube furnace having an internal length of 300 to 400 mm (12 to 16 in), capable of producing a
temperature of 1200 °C;

e) a temperature measuring device equipped with a Type K thermocouple;
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f) an airflow meter with a range of 0 to 200 mL/min (12 in®/min);

g) a high temperature heating tape capable of maintaining a minimum temperature of 150 °C on
the surface of the glass tube;

h) an exhaust system to remove vapors emitted from the apparatus;
i) a balance capable of weighing 1.0 g, accurate to within 0.1 mg;
j) a temperature controller for heating tape;

k) a timing device capable of measuring the specified times in seconds, having a resolution of 1
second and an accuracy of +0.5 seconds;

[) 250|ml and minimum 1000 ml beakers;

m) a Yolumetric flask of 1000 ml capacity;

n) a 5 ml pipette;

0) a titrating buret of 50 to 100 ml capacity capable of reading to 0.0 ml;
p) a tifration flask;

q) a buret stand;

r) a byiret clamp;

s) a ceramic wool plug;

t) a piH meter capable of measuring £0.01pH units;

u) a sjlver chloride reference electrode;-and

V) a magnetic agitator.
All volumetri¢ glass ware shall be.class A.

9.11.4 Preparation of specimens

Component material'shall be taken from finished wire or cable or from wire or cable during manufacture. A
specimen shpll bescut from the jacket or insulation, of sufficient length to yield a mass of 0.9 +0.05 g. The
mass of the gpecimen shall be recorded to the nearest 0.001 g.

9.11.5 Procedure
9.11.5.1 Method 1

9.11.5.1.1 This test produces acceptable results on wire and cable insulation and jacketing materials at
levels of 4 percent and greater by mass of acid gas evolved (when calculated as HCI) with a tolerance of
1.4 percent on the value.

9.11.5.1.2 Water shall be added to each water trap to 125 £5 mm above the bubble outlet level. 5.00 ml
of NaOH solution shall be added to each water trap using the pipette. Based on experience, it is likely that
smaller quantities of NaOH will be required for materials that evolve low levels of acid gas.
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9.11.5.1.3 The combustion tube shall be placed in the furnace, with the furnace located at the air inlet
end of the combustion tube (see Figure 42(a)). The water traps shall be connected to the combustion tube
and the tube to the variable airflow. An airflow meter shall be connected at the air inlet end of the
combustion tube. The airflow rate shall be adjusted to 100 to 125 ml/min (6.1 to 7.6 in®/min) until the air is
bubbling through the water traps. The water traps shall be disconnected from the combustion tube and the
thermocouple inserted into the combustion tube at the midpoint of the furnace. Steps shall be taken to
ensure that there are no leaks in the air system.

NOTE: Silicone grease may be applied to the joints to help ensure an airtight connection. The presence of leaks can be verified by
the formation of bubbles after applying a soap solution to the joints.

9.11.5.1.4 With the air flowing, the furnace control shall be adjusted to obtain an air temperature inside
the combustipn Tube of 800 £T0 °C. The thermocouple shall be removed after the temperatyre inside the
tube has stabjlized.

9.11.5.1.5
combustion b
and positione
approximatel
heating tape

The specimen shall be weighed to the nearest 0.001 g and the(/mass rgcorded. The
oat containing the specimen shall be inserted through the outlet end-of the combustion tube
d just before the entrance of the furnace. At the outlet end, a snug-fitting ceramic wool plug

25 mm (1 in) long shall be inserted into the combustion tube.to a position at|or below the
see Figure 42(a)). The water traps shall be reconnected.

h could contain

NOTE: The plug
attached acid ga

9.11.51.6 T
the first wate

Figure 42(b))

will trap solid combustion products and prevent carry-over into the 'water traps. The residue, whi
bes, will be burnt off at the last stage (see Figure 42(c)).

he heating tape shall be wrapped around the glass tubing connecting the comb
I trap, and around the combustion tube fofla length of approximately 100 m
The power to the heating tape shall be adjusted to maintain a minimum temper

C on the surface of the glass tube during the test.

9.11.5.1.7 T
in the center
each, with tw
intervals betw

9.11.51.8 H
removed and

he furnace shall be moved in five_steps along the combustion tube, to position t
bf the furnace (see Figure 42(¢)). The first three moves shall be approximately
0 additional moves made 1o position the specimen at the center of the furna
een moves shall be nominally 1 minute.

eating shall be maintained for an additional 10 minutes minimum. The heating
the furnace moved toward the discharge end of the tube to burn off any deposit

(4 in) (see
ture of 150 °

ijstion tube to

he specimen
25 mm (1 in)
ce. The time

tape shall be
5 (see Figure

42(c)). The movement ofithe furnace along the tube shall be accomplished in one step, andl the furnace

shall remaini

9.11.5.1.9 T

n place ford minutes +5 seconds. The airflow and furnace shall be turned off at t

he.water traps shall be disconnected and their contents combined into a 1000

his time.

ml volumetric

flask.

9.11.5.1.10 The tubing connections and the empty water traps shall be thoroughly washed with water
until no acid remains. The washings shall be checked with methyl red indicator drop by drop. If the solution
turns red, the washings contain acid and further washings are necessary. The washings shall then be
added to the solution from the water traps and the contents made up to 1000 ml mark.

9.11.5.1.11 The combined washings and water from the water traps shall be titrated using the NaOH
solution until the methyl red indicator endpoint (red to yellow) is reached. The total volume of NaOH
solution used in the titrating step and the volume originally added to the water traps shall be recorded. An
aliquot portion shall be acceptable for titration, but for referee purposes, the results from titration of the full
volume shall be used.

9.11.5.1.12 The procedures in 9.11.5.1.1 — 9.11.5.1.11 shall be repeated with two additional specimens.
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9.11.5.2 Method 2

9.11.5.2.1 This test determines the amount of acid gas byproducts (expressed as a corresponding
percentage of HCI) that have evolved during the pyrolysis or combustion of nonmetallic component
materials where the resultant solution has a pH value greater than 3.26 (less than 4 percent acid gas when
calculated as HCI).

9.11.5.2.2 Water shall be added to each water trap to a minimum of 125 5 mm (5 £0.2 in) above the
bubble outlet level.

9.11.5.2.3 The combust|on tube shall be placed in the furnace, with the furnace located at the air outlet
end of the combu : bustion tube
=t end of the

ensure that there are no leaks in the air system.

NOTE: Silicone|grease may be applied to the joints to help ensure an airtight connection. The presence of leaks g
the formation ofpubbles after applying a soap solution to the joints.

9.11.5.24 ith the air flowing, the furnace control shall be adjdsted to obtain an air temp
the combustion tube of 800 £10 °C. The thermocouple shall bedremoved after the temperat
tube has stabilized.

9.11.5.2.5 [The specimen shall be weighed to the\hearest 0.001 g and the mass r¢
combustion poat containing the specimen shall be_inserted through the inlet end of the cor
and positiongd just before the entrance of the furnace (see Figure 43(b)).

9.11.5.2.6 he airflow to the combustion tube shall be disconnected.

9.11.5.2.7 The heating tape shall be. wrapped around the glass tubing connecting the comb
the first water trap, and around the-combustion tube for a length of approximately 100 m
Figure 43(c)
C on the surface of the glasstube during the test.

9.11.5.2.8
inserted into

A\t the outlet-end, a snug-fitting ceramic wool plug approximately 25 mm (1 in)
the combustion tube to a position just at the entrance of the furnace.

NOTE: The plug will)trap solid combustion products and prevent carry-over into the water traps. The residue, wh

until the air is
tube and the
| be taken to

an be verified by

brature inside
re inside the

pcorded. The

hbustion tube

ustion tube to
m (4 in) (see

. The power to the-heating tape shall be adjusted to maintain a minimum tempernature of 150 °

long shall be

ch could contain

attached acid gases; wittbebumtoff atthetast stage(see Figure 4 3(c))-

9.11.5.2.9 The airflow shall be reconnected to the combustion tube, maintaining the initial flow rate.
Steps shall be taken to ensure that there are no leaks in the air system.

9.11.5.2.10 The furnace shall be moved in six steps along the combustion tube, to position the specimen
in the center of the furnace (see Figure 43(b)). The first three moves shall be approximately 25 mm (1 in)
each, and the three additional moves made to position the specimen at the center of the furnace. The time
intervals between moves shall be nominally 1 minute.

9.11.5.2.11 Heating shall be maintained for an additional 10 minutes minimum. The heating tape shall be
removed and the furnace moved toward the discharge end of the tube, to burn off any deposits (see Figure
42(c)). The movement of the furnace along the tube shall be accomplished in one step, and the furnace
shall remain in place for 5 minutes +5 seconds. The airflow and furnace shall be turned off at this time.
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9.11.5.2.12 The water traps shall be disconnected and their contents combined.

9.11.5.2.13 The contents of the water traps shall be combined into a 1 L volumetric flask. The inside of
the water traps and the system connections shall be washed with water. The wash water shall be added to
the volumetric flask. The volume in the flask shall be increased to precisely 1 L by adding water.

9.11.5.2.14 The pH measurement shall be made on the solution taken from the 1 L flask.

9.11.5.2.15 The procedures in 9.11.5.2.1 — 9.11.5.2.14 shall be repeated for two additional specimens.

9.11.6 Results and calculations

9.11.6.1 MeLhod 1

9.11.6.1.1 The quantity of acid gas evolved shall be expressed as hydrogen chloridé as g percentage.
The quantity shall be calculated as follows:

VxNxK  Vx0:365
mx 10 m

% acid gas evolved =

where:
V = tofal volume of NaOH solution, ml
N = ngrmality of the NaOH solution
K = equivalent weight of the acid gas; for HCl; K = 36.5

m = miass of the test sample as weighedinto the combustion boat, weighed to 0.001 g

Alternately, the following equation shall-be used if an aliquot portion is used:

v, 1000
T000) T Vi) X N> K x

mx 10

(Vs

a

% acid ,gas evolved =

where:

V, = vplume of NaOH added to the water traps, mL

Vi = volume of NaOH used in the titration from the burette, mL
V, = volume of the aliquot taken from the 1000 mL flask, mL
N = normality of the NaOH

solution

K = equivalent weight of the acid gas; for HCI, K= 36.5

m = mass of the test sample as weighed into the combustion boat, weighed to 0.001 g

9.11.6.1.2 Following the calculations, the three determinations shall be averaged. If any individual result
differs from the average by more than 10 percent, the result shall be discarded and up to three additional
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specimens shall be tested. If any individual result continues to differ from the average by more than 10
percent, the test shall be considered invalid.

Example:
Data #1 = 12.0;
Data #2 = 14.3;
Data #3 =13.8
Mean = 13.4
Difference between Mean and Data #1 = (13.4 — 12.0)/13.4 X 100 = 10.4 perce
additipnal specimen shall be tested.

9.11.6.2 Method 2

Following the
from the av
specimens s
percent, the

NOTE: For the |
of material and

9.11.7 Rep

The report sk

pH measurements, the three determinations shall be averaged. If'any individug

all be tested. If any individual result continues to differ from the average by
est shall be considered invalid.

T_’rage by more than 10 percent, the result shall be discarded and up to th

urpose of this procedure, the equivalence between percent.acid\gas as HCIl and pH is shown in An
L water.

prt

all include, as a minimum, the average quantity of acid gas evolved.

9.12 FT5 (United States and Canada only)

9.12.1 Sco

This test es
propagation

pe

tablishes the méthod for determining the resistance of a portable power
pf flame.

9.12.2 Apparatus

The apparat
wide (16.93

!

s shall consist of a rectangular test gallery 430 £5 mm deep x 370 £ 5 mm high

nt. Therefore,

| result differs
ee additional
more than 10

hex I, using 0.5 g

cable to the

x 990 5 mm

020in dppp x 14 57 in +0 20in high x 3898 +0 20in widp) that includes:-

a) a source of electric current (either AC or DC) for loading the cable specimen, with means for

close

regulation;

b) a suitable ammeter to measure the electric current imposed on the cable specimen conductors;

c) a suitable temperature-measuring device to determine the conductor temperature;

d) a rack for supporting the cable specimen (the rack shall have three metal rods installed on the
same level with spaces of 405 +5 mm (15.95 in £ 0.20 in) between the left and the middle rod and
205 £5 mm (8.07 £0.20 in) between the right and the middle rod. The rods shall be protected with
heat-resisting material to reduce the cooling effect. The height of the rack shall be sufficient to
permit the tip of the inner cone of the burner flame to touch the jacket of the cable specimen when
the flame is adjusted to the appropriate height.);
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e) an electric timer or stopwatch to measure the duration of the tests;

f) a standard 9.5 mm (0.37 in) premixed burner for igniting the cable specimen; and

g) a ventilated hood or canopy that keeps the specimen substantially free from external air
currents.

9.12.3 Preparation of specimens

9.12.31

The specified number of cable specimens, each 1.00 £0.05 m (3.28 +0.16 feet) long, shall be

cut from a cable sample. Each specimen shall have 125 +5 mm (4.92 £0.20 in) of jacketing and 65 £5 mm
(2.56 £0.20 in) of conductor insulation removed from each conductor at both ends.

9.12.3.2 Thg test specimen shall be placed on the rack and connected to the electric| cu
centered on the two outside supporting rods with approximately 25 +2 mm (0.987£0.08
extending beyond each rod. The thermocouple of the temperature-measuring device shall be

contact with
end of the sp
wire.

9.12.4 Prodedure

9.1241 Th
the Canadian

e conductor under a flap of jacket and insulation 660 +5 mm (25,98 +0.20 in
bcimen. The flap shall be held tightly, after insertion of the thermocouple, by tyin

b specimen shall be heated with electric current corfesponding to 5 times the ra
Electrical Code, Part | until the conductor reaches a temperature of 205 5 °C;

9.1242 A

adjusted to give an overall free flame height of 125 mm (4.92 in) and an inner cone of 75 mm
natural gas, having a heat content of 37 +1 MJ/m®] shall be applied directly beneath the s
point 355 £5 mm (13.98 +£0.20 in) from its left end.

r reaching this temperature, the flame ef\a premixed gas burner, as describe

rrent source,
in) of jacket
held in close
from the left
g it with a tie

ed current in

H in 9.1.3(d),
(2.95 in) with
becimen at a

9.12.4.3 After the specimen has been'subjected to external flame for 1 minute, the heating current and

gas flame sh
impinging on

NOTE: In Canad

9.12.5 Results

The length of
recorded.

Bl be cut off simultaneously. Specimens of flat cable shall be tested with the
fhe flat surface.

h, an alternative procedure is described in CFR, Title 30, Chapter 1, Section 7.407.

char on each specimen and the length of time for the flame to completely exting

flame source

uish shall be

9.12.6 Report

The report shall include the following as a minimum:

a) the

b) the

length of char on each specimen; and

length of time for the flame to completely extinguish.
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TABLES
Table 1
Adjustment factors for DC resistance of conductors
(See 3.4.5.1)
Multiplying factor for adjustment to resistance at
Temperature of conductor 25°C (77 °F) 20 °C (68 °F)
°C °F Copper Aluminum and Copper Aluminum and
copper-clad copper-clad
aturmam aluminum

10 50.0 1.061 1.063 1.041 1.042
11 51.8 1.057 1.059 1.037 1.038
12 53.6 1.053 1.054 1.033 1.033
13 55.4 1.048 1.050 1.028 1.029
14 57.2 1.044 1.045 1.024 1.024
15 59.0 1.040 1.041 1.020 1.020
16 60.8 1.036 1.037 1.016 1.016
17 62.6 1.032 1.033 1.012 1.012
18 64.4 1.028 1.028 1.008 1.008
19 66.2 1.024 1:024 1.004 1.004
20 68.0 1.020 1020 1.000 1.000
21 69.8 1.016 1.016 0.996 0.996
22 71.6 1.012 1.012 0.992 0.992
23 73.4 1.008 1.008 0.989 0.988
24 75.2 1.004 1.004 0.985 0.984
25 77.0 1.000 1.000 0.981 0.980
26 78.8 0:996 0.996 0.977 0.976
27 80.6 0.992 0.992 0.973 0.972
28 82.4 0.989 0.989 0.970 0.969
29 84.2 0.985 0.985 0.966 0.965
30 86.0 0.981 0.981 0.962 0.961
31 87:8 0.977 0.977 0.958 0.957
32 89.6 0.974 0.973 0.955 0.954
33 91.4 0.970 0.970 0.951 0.950
34 93.2 0.967 0.966 0.948 0.947
35 95.0 0.963 0.962 0944 0.943

Table 2

Rate of jaw separation of tensile machine

(See 3.5.1.4)

Conductor material

Rate of separation of jaws, mm/s (in/s)

Annealed soft copper
(uncoated and coated)

8000 Series aluminum alloys

Other metals and other tempers of copper

1(0.04)

Not exceeding 5 (0.2)

0.4 (0.02)
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Table 3
Temperature variations
(See 4.2.3(i)
Set temperature range, °C Maximum variation in set temperature, * °C
<180 2
>180 to 300 3
>300 to 400 4
>400 to 500 5
Table 4
Test temperature for dry temperature rating of new materials
(See 4.3.4.2)
Temperature rating (°C) 60 75 80 90 105 125 150 180 200 250
Aging tempergture (°C) 67 82 87 97 113 133 158 189 209 260
Table 5
Specimen preparation for tension and.elongation test
(See 7.22.3)
Total length of Conductor Condition of Spacing between
Type of cable Test specimen, m assembly cable ends jaws, mm
Armored Tensile 1.2 Withdrawn Not specified 1000
Elongation Not removed Cut off square
Other than Tensile and Not specified Not removed Not specified Td permit 1000
armored elongation dauge mark
spacing
Table 6
Test current and fuse protection for "-R" cords
(See 7.29.2)
Conductor size, tead-eurrent-Amps Circultprotection,
AWG Service cords Heater cords Amps
18 10 10 15
17 12 13 18
16 13 15 20
15 16 17 25
14 18 20 30
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Table 7

Mandrel diameters for ozone test

(See 8.2.4.2(a))

Outside diameter of test specimen,

Mandrel diameter as a multiple of the outside diameter of

mm the test specimen
Less than 12.7 4
Greater than or equal to 12.7 and less than 19.0 5
Greater than or equal to 19.0 and less than 31.7 6
Greater than or equal to 31.7 and less than 44.4 8
44 .4 and greatfr T0
Table 8
Cables smaller than 13 mm (0.51 in) in diameter
(See 9.6.4.3)
Cable diameter mm (in) Number of spgcifagns in Number of blndles in tray
From But less than each bundle
3(0.12) 19 13
3(0.12) 5(0.20) 19 B
5(Q.20) 6 (0.24) 7 D
6(0.24) 9 (0.35) 3 10
9(Q.35) 11 (0.43) 3 B
11 (p.43) 13(0.51) 3 v
Table 9
Cables'43 mm (0.51 in) or larger in diameter
(See 9.6.4.3)
Cable diameter mm (in) Number of specimdns in tray
From But less than
13 (0:5%4) 15 (0.59) 11
15Y(0759) 19 (0.75) 9
19 (0.75) 21(0.83) 8
21(0.83) 26 (1.02) 7
26 (1.02) 28 (1.10) 6
28 (1.10) 39 (1.54) 5
39 (1.54) 52 (2.05) 4
52 (2.05) 73 (2.87) 3
73 (2.87) 120 (4.72) 2
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Table 10
Conversion of percent transmittance to specific optical density

(See 9.9.6.1 and 9.9.6.2)

Parameters and 0 1 2 3 4 5 6 7 8 9
transl':::?t:::e ™ percent T Specific optical density (D)
Multiplier 100 with 90 6 5 5 4 4 3 2 2 1 1
ND-2 filter 80 13 12 11 1 10 9 9 8 7 7
70 20 20 19 18 17 16 16 15 14 14
100 at 10 percent T 60 29 28 27 26 26 25 24 23 22 21
50 40 39 37 36 35 34 33 32 31 30
40 53 51 50 48 47 46 45 43 42 41
30 69 67 65 64 62 60 59 57 55 54
20 92 89 87 84 82 79 77 75 73 71
10 132 127 122 117 113 109 050 102 |98 95
Multiplier 10 with ND- | 90x10°! 138 137 137 136 136  135.. 134 134  [133 133
2 filter 80 145 144 143 143 142 141NJ 141 140 [139 139
70 152 152 151 150 149 , 448 148 147|146 146
10 at 1 percet T 60 161 160 159 158 158~ 157 156 155  |154 153
50 172 171 169 168 1877 166 165 164  [163 162
40 185 183 182 180, 179 178 177 175  |174 173
30 201 199 197 196 > 194 192 191 189 |187 186
20 224 221 219 216 214 211 209 207  |205 203
10 264 259 2544\ 249 245 241 237 234  [|230 227
Multiplier 1 witlND-2 |~ 90x102 270 269 269’ 268 268 267 266 266  [265 265
filter 80 277 276 (~275 275 274 273 273 272|271 271
70 284 284~ 283 282 281 280 280 279 |278 278
1at0.1 percent T 60 203 292 291 290 290 289 288 287 |86 285
50 304 ~/303 301 300 299 208 297 296  [295 294
40 7 315 314 312 311 310 309 307 [|306 305
30 333 331 329 328 326 324 323 321 |39 318
20 356 353 351 348 346 343 341 339 [337 335
{0 396 391 386 381 377 373 369 366 [|362 359
Multiplier 0.1 wifh ND- | (90x10° 402 401 401 400 400 399 398 398  [397 397
2 filter 80 409 408 407 407 406 405 405 404  |403 403
70 416 416 415 414 413 412 412 411|410 410
0.1at0.01 percemt T 50 05 42F 423 422 422 42T 420 419418 417
50 436 435 433 432 431 430 429 428 427 426
40 449 447 446 444 443 442 441 439 438 437
30 465 463 461 460 458 456 455 453 451 450
20 488 485 483 480 478 475 473 471 469 467
10 528 523 518 513 509 505 501 498 494 491
Multiplier 1 without | 90x10* 534 533 533 532 532 531 530 530 529 529
ND-2 filter 80 541 540 539 539 538 537 537 536 535 535
70 548 548 547 546 545 544 544 543 542 542
0.01 at 0.001 percent 60 557 556 555 554 554 553 552 551 550 549
T 50 568 567 565 564 563 562 561 560 559 558

Table 10 Continued on Next Page
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Table 10 Continued
Parameters and 0 1 2 3 4 5 6 7 8 9
range of percent T Specific optical density (D
transmittance (T) pecitic optl ity (D)
40 581 579 578 576 575 574 573 571 570 569
30 597 595 593 592 590 588 587 585 583 582
20 620 617 615 612 610 607 605 603 601 599
10 660 655 650 645 641 637 633 630 626 623
Multiplier 0.1 without 90x10 666 665 665 664 664 663 662 662 661 661
ND-2 filter 80 673 672 671 671 670 669 669 668 667 667
7{\ 820 820 RI70 R?Q R7I7 RTIR RTIR RTIE 674 674
0.001 at 0.00001 60 689 688 687 686 686 685 684 683 682 681
percent 50 700 699 697 696 695 694 693 692 691 690
40 713 71 710 708 707 706 705 703 702 701
30 729 727 725 724 722 720 719 717 715 714
20 752 749 747 744 742 739 137 735 733 731
10 792 787 782 777 773 769 765 762 758 755
00 - 924 885 861 845 832 821 812 805 798
Table 11
Maximum Center-to-center spacings of bead chains
(See 6.7.2(c)A))
Nominal Diampeter of bead? | Longitudinal spacing within Transverse spacing between rows?
each rows?
inch mm inch mm inch mm inch mm
3/16 5.0 1/2 13 12 13 3/8 10
3/32 25 The chains shall\be staggered and shall touch one another in the longitudinal and|transverse
directions.
@ Diameter and spacings other than indicated comply where investigation shows that the chains contact an equal of greater area
of the outer sufface of the wire.
Figure 1
Bending fatigue
(See 3.5.3.2)
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Figure 2

Connection of jigs (duplex receptacles)

(See 3.6.2)
O /7 Thermocouples
Al L
Jig No, 1
B D

Bl
D
|
|
|
|
|
|
|
|
|
|
|
|
|

A,.,ﬁ

\40 + 0.5 A 60 Hz constant current

S4485A
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Figure 3

Detail of the connection of jigs (duplex receptacles)
(See 3.6.2and 3.6.4.1)

Thermocouples

LYY

/%\ Terminal
@ baseplate
0

©

+ The terminal screws on each terminal baseplate are to becvonnected by means of ACM conductors that are]
looped under the screwhead in opposite directions.

S4486
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Figure 4
Terminal baseplate (70/30 brass)

(See 3.6.2 and 3.6.4.2)
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2.36— e 4‘3 /‘ S 0.79 R A 1 250
Q) o C -l \/
~6.35 P sigm | OT9R| | 5ig 8.71
. 10.31—* :
=675
30,05-0,25—’
T 42.44
6.3 a7 2141
/ - ) CThese edges (
sharp T
‘V 397 R “ ol
j 2 Mlst be sharp

Sectipn C
Scale:[ 10 to 1

3.56-3.66 dia Section A=A
(2) Holes for tapping

54487

NOTES:
(1) Dimensions of the contacts used for receiving the blades of a plug have been omitted.

(2) Dimensions are given in millimeters.
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1.27 mm

Figure 5

Description of screw

(See 3.6.2)
2.39 £ 0.07 mm —p) le— /.75 mm _,, a
889 mm ___ 7.37 mm <
diameter €€
EE
1.57 mm » f_rg

{ ~'~3
1}'//
A

/
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|
I |
\\, 7.14 mm

] diameter

7 i

/— — (.38 'wim .
025 mm R P

— —-="1.52 mm

3.63 mm o
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Figure 6

Annular section of insulation removed

(See 4.2.5.1.1)

4903
Figure 7
Bead chain configuration — top view
(See 6.7.2(c))

Chains unstaggered

A

Chains staggered

A

Transverse Transverse
spacing ﬂSPaCIHQ
O OoOle & @) O ® [$3)
——rLongitu.dinaI Longitudinal
spacing 4L spacing
O Oloa & O O O 52
O OY0o O O O O O
o Ol 0O O O O O O
O O|0O0 O ©) O @) O
Wire center Wire center

$5408
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Figure 8

Flex arcing test jig

(See 6.9.4.1)
O
ASZIIR\Y
ORGP\
(30(\(\?& o © Non—conductive plate
RN
Cheese cloth
Bushin

-
S4904 Bracket Test\ specimen R
Figure 9
Schematic diagram of electrical circuit for flex arcing test
(See 6.9.4.3)

Adequaté Circuit conductor

protectie : Specimen (With the break)
deyice

- . ¥ .
// 120 v
Otk FPRTY et neon_lamp
120 £ 2 V, 60Hz is not connected in the circuit
supply 5
Grounding conductor (where applicable)

is not connected in the circuit

Variable

M) .
- l % resistor

S4744 Ammeter
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Figure 10

Circuit for measuring AC leakage current from each circuit conductor to grounding conductor

(See 6.11.4.1)

white, natural PVC, gray, green, or green and yellow)

KCircuit conductor (black or any other color other than
[

120 V L
48—-62 Hz ’\\ White—or light=blue

circuit conductor
CVD §1QOOO\Grounding conductor

¥
< (green or green and yellow)

Figure 11

4
Z—TCord 5048 mm (120 |n) long

S4905

Circuit for measuring AC leakage current from each.cCircuit conductor to the jacket

(See 6.11.4.2)

white, natural PVGy gray, green, or green and yellow)

Xiircuit conductor (black or any other color other than
¢

1201V White or.: P /

48-P2 Hz | jight—blue Zq~ L4
circuit Grounding conductor

conductar reen or green and Strip foil wound
¥ Eguow) E 1000 Q onto cord 3048 mm
é‘ (120 in) Idng

S4906
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Figure 12

Apparatus for resistance of armor test

(See 6.13.2(a))

CONNECTIONS
TO KELVIN
DOUBLE BRIDGE

SC1135-1
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Figure 13

Apparatus for deformation test

(See 7.8.2(d))

/

Smoothed
specimen

\\\\
O]

Weight

Foot

Wire

specimen

SM378B
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Figure 14
Apparatus for hot creep and set test
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Figure 15

Apparatus for abrasion test
(See 7.10.2(a))

A.C. motor 1/4 h.p.
N

e
o 7 o
Drive wheel 31&3&3 —
o oo ]
(o] o]
533.4 mm I°l o= A
21 in) ol
Tie — @) 2
rod ° _o ok :
5,
Emery cloth
330.2 mm
(131in)
635 mm (25 in)
Specimen clamp —
Specimen support plate Cylinder
Guide rails RN NINE
(@) 4 2334 mm | \ [
- i L (9.1875in) B
I I | |
T i T
Pillow block Base p|ate/
bearings
R 90 mm )
(3.51n) Specimen—|
Su0902 Weight

Note: This figure represents typical apparatus. Dimensions are suggested only, unless specified in the test clause.
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Figure 16

Apparatus for impact test

(See 7.7.2(c) and 7.12.2(a))

Pulley Spocer
Weight i 1

|_|_ /—Pulley support

63.5 [mm (25 M)

Pulley suppo
collgr T

Shaft T

N

Rope h0|dEP\
_ Pneumatic ‘clam _|
P Shaft/clamp

4—19‘1 mm (0.75 in) |3 support collar

—_—

Clamdp support

6858 mm| (2 ft 37| | T

Shaft support

Shaft support —~

i L] ] collar |
e T
63.6 mm (2.5 in)

Base —I_ u

254 mm (1 in)—f
al | s a | »

S4908

NOTE: This figure represents typical apparatus. Dimensions are suggested only, unless specified in the test clause.
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Figure 17

Apparatus for glancing impact

(See 7.14.2(f))

Turning sheave \

Z N\
k‘,

Rope

- —
Hottowtube

20.8 mm (0.82in) ID

Impact mass

838.2 mm (33 in)

R 9.5 mm (0.375 in)

/ Specimen
C/ / Oak wood anvil

Fastener

oo i
| | | 254mm(1ip [

101.6 mm (4 in) 1

su0903

NOTE: This figurp represents typical-apparatus. Dimensions are suggested only, unless specified in the test clause.
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Figure 18

Apparatus for flexibility of armored cable and metal-sheathed cable

(See 7.17.2(a))

 «
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Figure 19

Apparatus for mechanical strength test

(See 7.21.2(c) and 7.22.2(b))

e

S4910
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Preparation of multiconductor parallel specimens for tightness of insulation test

50 mm (2 in)

O

Figure 20

(See 7.24.3.2)

S\l
&

@]

2—Conductor

N
UCY

3—Conductor

50 mm (2
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Figure 21

Apparatus for flexing of shielded cords

(See 7.26.2(a) and 7.26.4.2)

STOP FOR CLAMP

/SPECIMEN
4 CLAMP AT END
OF SPECIMEN CLAMP AT END STOP FOR
OF_SPECIMEN / CLAMP
~JWIRE &)
(NOT SPECIMEN) / N
PULLEYS (CIRCULAR GROOVE) ON L/

MOUNT THAT SHUTTLES BACK AND
FORTH HORIZONTALLY

WIRE —

(NOT SPECIMEN)

|, WEIGHT WEIGHT—_|

S2973
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Figure 22

Mandrel crushing test

(See 7.27.2(c) and 7.28.2(c))

I [ ]

50 mm
(2 in.) minimum

Section AA

Y Corner Detai

1.19mm
Y (0.046 in.) radius

BY

su0258
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Figure 23
Mandrel pinching test

(See 7.27.2(c), 7.27.4.1, 7.28.2(c), 7.28.4.1, and 7.28.4.2)

Compression force

Steel plate

Steel mandrel

Cord

Steel plate

$5549
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Figure 24

Flexing apparatus

(See 7.29.2 and 7.29.4.3)

TYPICAL MECHANICAL SET UP SUGGESTED
ELECTRICAL
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90°
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A L= i g
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0.25 PPUND ——
(110g) WEIGHT

PLATFORM MOTOR

su0004a


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

162

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

JUNE 3, 2021

Figure 25

Flexing apparatus — L-bracket slot details

(See 7.29.2and 7.29.4.1)

4.78 mm
(0.188 in) radius

\

—={ ==— Slot to be 1.25 mm (0.05 in)
greater than the

12.5mm cord cross section
(0.5in) T
15° taper
6.25 mm
(0.251in)

|

478 mm

(0.188 in) radius
su0014A
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Figure 26

Flexing apparatus — cord attachment bracket

(See 7.29.2 and 7.29.4.1)

Constant Loop

12.7 mm
(0.51n) Q

Power Cord Attached
to Bracket
Distance
undefined
Cord shall fall \
vertically through \ Additional
base of L-bracket Bracket to 38.1 mm
keep a (1.5in)

ﬁ I

~

su0012a

137 mm (5.375in)

Ceriter point 51 mm (2{ﬂ

of burner

S8 (5

—Center of rotation

— 38.1mm (1.5in) s~

Figure 27
Angle block

(See 9.1.3(b))

7

83 mm

LL-bracket

/Wooden wedge

(3.251n)

76 mm (3T) <~

38 mm (1.5in)

Meta pa[e T.0mm
(0.0625 in) thick

-/

83 mm (3.25in)

129 mm (5.0625 in)————|

f 279 mm (11in)

S5424

NOTE: This figure represents typical apparatus. Dimensions are suggested only, unless otherwise specified in the test. Hinge is

optional.
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Figure 28

Flame application on horizontal specimen

(See 9.1.5.3)

Specimen supports 230 mm (9 in) apart

Specimen midpoint

=

40 mm (1-9/16 in)

Barrel of burner

FT150b

NOTE: This figurp represents typical apparatus. Dimensions are;suggested only, unless otherwise specified in the tegt.
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