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Preface

I This is the harmonized CSA Group and ULSE standard for Communications Cabiles. It is the eighth edition
of CSAC22.2 No. 214, and the fifth edition of UL 444. This harmonized standard has been jointly revised
on June 30, 2023. For this purpose, CSA Group and ULSE are issuing revision pages dated June 30,

2023.

This harmonized standard was prepared by the CSA Group and ULSE.

This standard is considered suitable for use for conformity assessment within the stated scope of the

standard.

This Standarg
the Technical

Electrical Safgty, and has been formally approved by the Technical Committee.

Application ¢f Standard

Where refere
considered a

Note: Although t
responsibility of t

Level of Harn

This standara
standard.

This standard

An identical
differences r¢
except for edi

Interpretatio

Committee on Wiring Products and the Strategic Steering Committee 6n, Re

hce is made to a specific number of samples to be tested, the specified nu
Minimum quantity.

he intended primary application of this standard is stated in_itS. scope, it is important to note t
he users of the standard to judge its suitability for their particular purpose.

honization

uses an IEC format, but is not based on, nor is it to be considered equival

is published as an identical'standard for CSA Group and ULSE.

standard is a standard-that is exactly the same in technical content exce
sulting from conflicts’in codes and governmental regulations. Presentation is
orial changes.

NS

The interpret

was reviewed by the CSA Subcommittee on Communication Cable, under, tth jurisdiction of

uirements for

mber is to be

hat it remains the

ent to, an IEC

bt for national
word for word

tion by the standards development organization of an identical or equivale

nt standard is

based on the |iteral text to determine compliance with the standard in accordance with the pijocedural 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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Communicat
1 Scope

1.1

ions Cables

This standard applies to 60 — 250°C single- or multiple-conductor jacketed or unjacketed, integral or

nonintegral cables and single or multiple coaxial cables for telephone and other communication circuits
such as voice, data, and audio for on-premise customer systems. These cables are may contain one or
more optical fibore members. For the purpose of this standard, a coaxial cable or coaxial member
conductor is a single conductor with a shield. For the purpose of this standard, a single- or multiple-
conductor unjacketed cable is a cross-connect wire.

1.2 This standard applies to communications cables that are intended primarily for installation in

accordance V
Electrical Cod

Note: See Anne
intended.

1.3 This sta

1.4 In Cana
Code, Part I.

In the US, Tyy

1.5 Ifavalu
be only appro

vith Section 60 of the Canadian Electrical Code Part |, and Article 800H0
e (NEC), ANSI/NFPA 70. They are rated for 300 V applications, but are not so

A for a complete list of wire types covered by this Standard and the specific electrical codes

ndard does not apply to communications cords.

da, the Type "-CI" circuit integrity markings are notreCognized by the Canal

e CMH is not recognized in the NEC.

b for measurement is followed by a value in other units in parenthesis, the sec
Kimate. The first stated value is the requirement.

2 Reference publications

Any undated
interpreted ag

CSA Group

C22.1-15
Canadian Ele

referring to the latest edition of that code or standard.

ctrical Code, Part |

f the National
marked.

or which they are

dian Electrical

bnd value may

reference to a code or¢standard appearing in the requirements of this stapdard shall be

CAN/CSA-C2

2.2'No. 0-10

General Requirements — Canadian Electrical Code, Part I

CSA C22.2 No. 2556-15
Wire and Cable Test Methods

UL (Underwriters Laboratories)

UL 1581

Reference Standard for Electrical Wires, Cables, and Flexible Cords

UL 1666

Test for Flame Propagation Height of Electrical and Optical-Fiber Cables Installed Vertically in Shafts
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UL 1685
Vertical-Tray Fire-Propagation and Smoke-Release Test for Electrical and Optical-Fiber Cables

UL 2196
Tests for Fire Resistive Cables

UL 2556
Wire and Cable Test Methods

ANSI (American National Standards Institute)

Z136 Series
Safe Use of Lgsers

ANSI/ASTM (American National Standards Institute/American Society for Testing-and Materials)

E230/E230M
Standard Specification and Temperature-Electromotive Force (emf\“Tables for |Standardized
Thermocouplgs

ANSI/NFPA (American National Standards Institute/National Fire)Protection Associatign)

NFPA 70
National Electfical Code

ASTM (American Society for Testing and Materials)

B33
Specification fpr Tinned Soft or Annealed Copper Wire for Electrical Purposes

B189
Specification fpr Lead-Coated and L.ead-Alloy-Coated Soft Copper Wire for Electrical Purposgs

B298
Specification fpr Silver-Coated Soft or Annealed Copper Wire

B355
Specification fpr Nickel-Coated Soft or Annealed Copper Wire

B566
Standard Specification for Copper-Clad Aluminum Wire

B869
Specification for Copper-Clad Steel Electrical Conductor for CATV Drop Wire

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

D5423
Specification for Forced-Convection Laboratory Ovens for Evaluation of Electrical Insulation
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NFPA (National Fire Protection Association)

NFPA 262
Standard Method of Test for Flame Travel and Smoke of Wire and Cables for Use in Air-Handling Spaces

3 Definitions
3.1 The following definitions apply in this standard:

3.2 BONDED METAL SHIELD — A covering over the cable core assembly consisting of a metal tape
whose outer surface is adhesively bound to a polymeric jacket over it.

3.3 CAPABII_ITY TEST — A test that is conducted periodically on a cable component, drgn a completed
cable, intendgd to be proof of adequate construction and processing, and that is repeatedAfor verification.

3.4 COAXIAL CABLE — A cable having one or more coaxial members, each tonsisting pf a conductor
centred insid¢ one or more outer conductors consisting of metal tubes or shields, separated from the
central condugtor by a dielectric material.

3.5 COVERI|NG - A jacket, sheath, or armour.

3.6 CROSSICONNECT WIRE (CABLE) — A single- or multiple-conductor construction consisting of
insulated congluctors without an overall jacket.

3.7 DIELEC|TRIC — An insulating (nonconducting) medium.

3.8 EQUIVALENT GAUGE - A round conductor AWG number used to designate a flat ponductor that
has a cross-sectional area equal to that of the round conductor.

3.9 GROUND PLANE - A partially encompassing shield provided to reduce stray electrical fields.

3.9A° GROUNDING/BONDING.CONDUCTOR — A conductor that is defined in the United States, in the
National Elec'LricaI Code, as “Grounding Conductor, Equipment”, and in Canada, in the Cangddian Electrical
Code, as “Bomnding Conductor”,

3.10 INTEGRAL COVERING — A single extruded layer that serves as both insulation and jacket.

3.1  JACKHT ~Acontinuous nonmetallic outer covering.

3.12 MANUFACTURING AND PRODUCTION TEST — A test performed on a length of wire before
further processing and/or on a completed cable before shipment.

3.13 SEMICONDUCTING — A material whose resistivity at room temperature is in the range of 1072 -
10°Q -cm.

3.14 SHIELD — A conducting layer consisting of tape, braid, wire, or sheath, or a semiconducting layer.

3.15 THERMOPLASTIC — An insulation or jacket material that is capable of being repeatedly softened
by heating and hardened by cooling through a temperature range characteristic of the material, and which
in its softened state is capable of being shaped through the application of force.

Note: Examples of thermoplastic materials are polyethylene (PE), poly (vinyl chloride) (PVC), nylon, and polyethylene terephthalate
(PET).
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3.16 THERMOSET - A cross-linked insulating or jacketing compound that does not soften and flow on
subsequent heating.

4 General Requirements

The requirements of CAN/CSA-C22.2 No. 0, when appropriate, apply to this standard.

5 Construction

5.1

conductor of (
21 percent or

5.1.2 The c6
aluminum sha

5.1.3 Ifthein
in the test deg
ASTM Standa
ASTM Stands

Evaluation of the effectiveness of these coatings shall be required. Metal-coating a conducto

coating is not
coverage requ

The maximum
or copper con
than those shq

5.1.4 For str
diameter over

conductor. The direction of lay-of-the strands may be right- or left-hand.

5.1.5 The co

5.1.6 The siz

Conductors

MP, CMR, CMG, CM, CMH, and CMX coaxial cables made of copper-clad’st
igher conductivity in accordance with ASTM Standard B869.

ntre conductor of CMP, CMR, CMG, CM, and CMX coaxial cables made d
| be in accordance with ASTM Standard B566.

sulation adjacent to the copper conductor is of a matefial that corrodes unpro
cribed in Clause 7.1, the conductor shall be covered) with a coating of tin ¢
rd B33, of lead or lead-alloy complying with ASTM'\Standard B189, of nickel ¢

r. The centre
2. The centre
eel shall have

f copper-clad

tected copper
bmplying with
omplying with

rd B355, of silver complying with ASTM Standard B298, or of another metal or alloy.

required for corrosion protection shall be ‘permitted. When this is done, the
irement of the relevant ASTM Standard.shall be waived.

temperature rating of cables relative to the diameter and coating of solid copp
juctor strands or the thickness and coating of tubular copper conductors shall
wn in Table 1.

hnded conductors, the length of lay of the strands shall not exceed 20 times
the assembled ,conductor for 19 — 6 AWG conductor, or 30 times for 3

hductors shall be continuous when tested in accordance with Clause 6.2.

e of the copper conductor shall be determined either by means of the resistg

Table 2 and Table) 3, or by means of the dimensions shown in Table 5. In case of dispute, {

r on which the
2 100 percent

er conductors
not be higher

he calculated
D — 20 AWG

nce shown in

he resistance

method shall be the referee method. The size of copper-clad steel or copper-clad aluminum conductor
shall be determined by means of the dimensions shown in Table 5. Applications for various AWG sizes

and conductor

compositions are shown in Table 4.

5.1.7 Resistance shall be determined in accordance with Clause 7.16.

5.1.8 Dimensions shall be determined in accordance with Clause 7.17.

5.1.9 Ajointin a solid conductor or in one of the individual wires of a stranded conductor shall be made in
a skillful manner, shall be essentially smooth, and shall not have any sharp projections.

A joint in a stranded conductor may be made by:

a) Separately joining each individual wire; or
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b) Machine brazing or welding of the conductor as a whole.

In either case, the resulting solid section of the stranded conductor shall be not longer than 13 mm (1/2 in),
there shall be no sharp points, and the distance between brazes or welds in a single conductor shall not
average less than 915 m (3000 ft) in any reel length of insulated single conductor.

A joint made before insulation is applied to a conductor shall not increase the diameter of the solid
conductor or individual wire (strand). A joint made after insulating shall not increase the diameter of the
solid conductor or individual wire (strand) by more than 20 percent.

The insulation applied to joints after insulating shall be equivalent to that removed (means of insulation
such as heat-shrinkable tubing, bonded patch, and molding have been found acceptable, but taping has
not) and shall[comply with the requirements in this Standard.

5.1.10 Any
less than 85

section of a conductor that includes a factory joint shall have a breaking strer
ercent of the breaking strength of an adjacent section of the conductorwithout

gth that is not
ajoint.

5.1.11 "CMX Outdoor" cables shall be smaller in diameter than 6.35 mm (0.25 in).
5112 "CM
may have an

Outdoor — CMR" shall also comply with the requirements for CMR cables.| These cables

pverall diameter greater than 6.35 mm (0.25 in).

5.1.13 "CM
may have an

Outdoor — CMG" shall also comply with the requirements for CMG cables.| These cables

pverall diameter greater than 6.35 mm (0.25,in):

5.1.14 "CMX Outdoor — CM" shall also comply with-the requirements for CM cables. The
have an overall diameter greater than 6.35 mm (0:25in).

5e cables may

5.1.15 "CM
may have an

Outdoor —CMP" shall also,comply with the requirements for CMP cables.| These cables

pverall diameter greater than 6.35 mm (0.25 in).

5.2 Insulatipn
5.2.1 Each gonductor shallbe insulated with one or more continuous layers of solid angl/or expanded
material. Thelinsulation shall’'be uniform and shall not have any defects (bubbles, open spots, rips, tears,

cuts, or foreig
average thicK

h material)that are visible without magnification to normal or corrected-to-norr
ness_of-the insulation and the minimum thickness at any point of the insd

specified. The

average thickness of insulation used, including the average thickness of the

nhal vision. The
lation are not
tube portion of

an air-gap cogxial member, shall be determined by means of an optical device. The method|for measuring
the thickness of insulation and for rounding off the results shall be as described in Clause 7.15.

Note A single 14 — 6 AWG bare grounding/bonding conductor used in a cable other than a coaxial cable does not need to be
insulated.

5.2.2 The insulation in an air-gap coaxial member shall consist of a solid or foam tube over a solid or
foam spacer.

5.2.3 Each conductor, including the centre conductor for a coaxial member, shall meet the dc or ac spark
test as described in Clause 6.1 after being insulated and before any subsequent operation. One hundred
percent of product shall be tested by the manufacturer at the factory.

5.2.4 The thickness of insulation at any point in a cable with a separable jacket (non-integral
construction) shall be sufficient to meet the applicable manufacturing and production tests of Section 6
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and the capability tests of Section 7. The thicknesses of the integral insulation (solid) and jacket in 2-, 3-,
or 4-conductor flat, parallel cable shall be not less than as indicated in Table 6.

5.2.5 The insulated conductors shall be distinctly identified.

5.2.6 The insulated conductors shall be suitable for indoor use where normal conditions are such that
cables may be subjected to maximum operating conditions from 60 — 250°C, inclusive. See Clause 7.3 for

temperature rating requirements.

5.3 Optical fibre members

5.3.1

One or_mare glass fibres that are individually coated and buffered, jacketed either s

ngly in a tight

A

[«

jacket, or in
complete covsg

5.3.2 An opt
strength mem

5.3.3 The cq
construction o
current-carryir]

5.3.4 Non-cu
continuous, ar

group in a loose tube, or enclosed in a nonmetallic tape, wrap, or braid
rage may be included along with the copper conductors.

cal fibre member, or group of members, may include one or more ‘metallic
bers.

nstruction of the glass fibre, the coatings, and the fibre jacket is not §
f nonmetallic tape, wrap, or braid is not specified. The construction of nonm
g metal strength members is not specified.

rrent-carrying metallic members included in, optical fibre member(s) shall
d shall meet the requirements of Clause 6.2.

5.4 Core assembly

5.4.1

54.2 Two o
shall be assen
without optica
insulated con
conductors, g
case, the leng
at intervals th
coaxial memb
conductor insy

A cominunications cable shall be essentially round or flat.

more insulated conductors-with or without one or more coaxial or optical fi
nbled to form a cable core) A cable may also consist of one or more coaxial m
fibre members. A round cable core consisting of 12 or fewer pairs, or 2,
ductors, may have the pairs or insulated conductors laid straight, but

h of lay is not.specified. The direction of lay may be right- or left-hand and m3
roughout<he: length of the cable. The use of fillers is optional. Different cg
ers may be insulated with different materials if the materials comply with (
lation., The conductors in the cable may be of any mixture of sizes and strandin

that provides

br nonmetallic

pecified. The
btallic or non-

be electrically

bre members
ember with or
3, or 4 single
otherwise all

oups of conductors, members, and groups of members shall not be laid sfraight. In any

y be changed
nductors and
Clause 5.2 on

g.

5.4.3 When optical fibre member(s) are assembled with other electrical conductors in a common layer,
they shall be cabled with the same direction and length of lay as the electrical conductors; otherwise the
direction and the length of lay is not specified.

Optical fibore members may include one or more non-current-carrying, electrically conductive members
such as a metal strength element or a metal vapour barrier. The construction of these parts is not
specified.

5.5 Defective pairs

5.5.1 The cable is not acceptable if the applicable factory dielectric strength test described in Clause 6.3
shows any defective pair having a breakdown of the insulation of either conductor to a shield.
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5.5.2 A defective pair shall be any pair in which the following discontinuity and/or dielectric faults are
revealed in testing by the cable manufacturer at the cable factory:

a) Discontinuity in either conductor of the pair determined by means of the test described in Clause
6.2;and

b) One or more of the following dielectric breakdowns of the insulation determined by means of the
applicable dielectric strength test described in Clause 6.3:

i) Conductor to conductor within the pair;

ii) Either conductor of the pair to any conductor outside the pair.

5.5.3 Cable
shall not excq
ends of a caf
presence of t
cable in whic
(establish a d
defective pair
pair color.

5.6 Spare pairs

Cables that d

5 that contain 200 or more pairs may contain acceptable defective pairs in

ed 0.5 percent of the number of pairs marked on the tag, reel, or cartop.fort
le in which there are one or more acceptable defective pairs shall be marked
ne defective pair(s). A notice such as a defective-pair tag shall be attached to
h there are factory-located defects. The notices shall identify the“factory co
irection for counting multiunits) and shall also identify each of. the factory-foy
5 according to layer (if pertinent to the counting system), multiunit number, u

pntain 400 or more pairs may also contain spare pairs to make certain that

usable pairs

position of the spare pairs are not specified. The colors of each spare pair shall be de

standard col

colors of the regular cable pairs.

5.7 Core bi

The core, an
binder. No oth

5.8 Core wnap

The core, any

core wrap corjsisting-of a serving, wrap, tape, or other construction. A metal shield as desc

5.9.1 may ser

quals or exceeds the number of pairs marked on the tag, reel, or carton. Th

s and shall be in unique combinations;*and it shall not be possible to confuse

ders

group of conductors; or several groups within the core may be bound by
er details of the core'binders are specified.

group(of, conductors, or several groups within the core may be enclosed in

ve'as’a core wrap. No other details of the core wrap are specified.

b quantity that
he cable. Both
to warn of the
each end of a
unting system
nd acceptable
nit colors, and

the number of
e quantity and
rived from the
them with the

a nonmetallic

a nonmetallic
ibed in Clause

5.9 Shields

5.91

or more shields may be used in a given cable.

An electromagnetic shield is optional other than as the outer conductor in a coaxial member. One

5.9.2 Where used, the shield(s) shall be electrically continuous and shall comply with the test
requirements of Clause 6.2. To facilitate electrical bonding to ground of the shield(s), a continuous
uninsulated, uncoated or metal coated, solid or stranded, copper conductor (drain wire) when used shall
be placed in contact with the shield(s). Uncoated copper drain wires shall not be used when aluminum-
faced tape is used as a shield.
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5.10 Jackets

5.10.1 A jacket consisting of a continuous nonmetallic outer covering consisting of a material complying
with the requirements of Clauses 5.10.2 — 5.10.8 shall be applied over the cable construction.

5.10.2 The jacket shall be uniform and shall not have any defects (bubbles, open spots, rips, tears, cuts,
or foreign material) that are visible without magnification to normal or corrected-to-normal vision.

5.10.3 All cables except those with an overall core wrap as described in Clause 5.8 or an overall bonded
or unbonded metal shield as described in Clause 5.9 shall comply with the peel test requirements of

Clause 7.11.

5.10.4 Minini
specified in T4
materials. Ma

For reference
to read to at l¢|

5.10.5 Jackdg
cable complie
shall include, |

5.10.6 Cable
cable to comp
whatever grea
at any point of
jacket.

5.10.7 Jackdg
Clause 7.8.

5.10.8 Tensi
determined in
or UL 2556.

5.10.9 A jach
the purpose o

um point and minimum average jacket thickness shall be in accordance with
ble 7 for jacket materials other than fluoropolymers, and Table 8 for fluorop
imum average thickness requirements shall be determined from the submitted

purposes, measurements shall be made by means of an optical instrument tha
pst 0.001 mm (0.0001 in).

ts with thicknesses other than indicated in Table 7 and/Table 8 are acceptable
5 with the requirements of the tests described in this¢Standard. Evaluation of t
ut not be limited to, crush, impact, and abrasion tests.

s on which a jacket thicker than as indicated-in“Table 7 or Table 8 is necessary
y with any applicable flame or other test described in these requirements shall

the thicker jacket shall be not lessthan 80 percent of the average thickness

ts shall be capable of meeting the unaged and heat-aged requirements in ac

e strength values of jacket materials, as specified in Table 9 and Table

requirements
olymer jacket
sample.

tis calibrated

if the finished
hinner jackets

to enable the
be made with

ter thickness of jacket may be needed far this purpose. In this case, the mininpjum thickness

of the heavier

cordance with

10 shall be

accordance with the test, Insulation and Jacket Physical Properties in CSA C]

et that is damaged to the point that the underlying assembly is exposed or thaf
repaiting a conductor shall either be stripped and replaced in its entirety or h
over the first.

p2.2 No. 2556

is opened for
ave a second

jacket applied

5.11

Metallic covering

An electrically continuous metal sheath or braid may be applied over the jacketed cable (see Note to Table

1).

5.12 Metallic messenger

5.12.1

A metallic messenger may be joined to the outermost jacket by the means of a web. The jacket

thickness over the messenger and between the messenger and the cable core is not specified, provided
that the required jacket thickness over the conductors is not reduced.
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6 Manufacturing and Production Tests
6.1 Spark test after insulating

6.1.1 No insulated conductor shall show more than an average of one fault per 915 m (3000 ft) in any
reel length of single insulated conductor when spark tested as described in the test, Spark, of CSA C22.2
No. 2556 or UL 2556.

6.1.2 A dc or ac spark tester shall include a voltage source, an electrode, a voltmeter, a system for
detecting, counting, and signalling faults, and the necessary electrical connections. The ability of the
equipment to comply with the requirements in Clause 6.1.3 shall be certified at least annually by an
accredited independent calibration service or its investigated equivalent such as by checking the test
potential with jan applicable voltmeter whose calibration is traceable to a nationally recognizgd standard.

6.1.3 The voltage source of a dc or ac spark tester shall maintain the following ‘test voltage under all
normal conditjons of leakage current:

a) An g¢ssentially sinusoidal rms potential of 1750 V for an ac test;

b) 250D V for a dc test. The current output of which the dc powersupply is capable shall not exceed
5 mA. JAny ripple shall not exceed 1 percent. After a fault, thedc test voltage shall reqover to the full
test voltage in 5 ms or less, unless 610 mm (2 ft) or-ess of the product travels through the
electrgde in the time that it takes for the full voltage recovery;

c) Forl conductor gauge sizes 22 — 30 AWG which are to be used in cables without coaxial
membegrs, but with foam or foam skin insulation and protected by bonded metal shields, the
following spark test voltage may be used:

Conductor size Test Voltage
22,23 AWG 1500 V dc or 1050 V gc
24,25 AWG 1200 V dc or 850 V a¢

26 — 30 AWG 1000V dcor750Va¢g

d) For|cables without ponded metal shields, and with foam insulation that is not more than 0.20 mm
(0.008in) in average. thickness and does not have a skin, the spark test voltage may|be reduced to
1250 Y ac or 1750V dc, provided that the dielectric strength test voltage required by Clause 6.3.5
is met

6.2 Contindity

The metallic component under test shall be connected in series with an ac or dc source of voltage, less
than 30 V, and a means of indicating an unbroken circuit (eg, an incandescent lamp, a bell, or a buzzer).
Operation of the indicator shall be evidence of continuity of the component under test.

This test is required only on completed cable before shipment, or on master reels before packaging (put-
up). Compliance shall be determined in accordance with the test, Continuity, in CSA C22.2 No. 2556 or UL
2556.

6.3 Dielectric strength

6.3.1 The dielectric strength requirement shall be chosen based on the construction (see Clauses 6.3.2 —
6.3.5; see Clause 7.21 for cross-connect wire) and shall be tested in one of the following ways by the
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cable manufacturer at the cable factory (in accordance with the procedure outlined in the test, Dielectric
voltage-withstand, in CSA C22.2 No. 2556 or UL 2556):

a) The jacketed cable shall be tested on each master reel before the final rewind operation, or as
individual shipping lengths, or after the final rewind operation. A master reel is any reel containing a
single length of finished cable that is intended to be cut into shorter lengths for shipping.

b) For cables produced utilizing a manufacturing process consisting of the cabling/pairing of
conductors, jacketing, and packaging in one continuous operation, the following process is
permitted:
The first packaged length of finished cable from each production run shall be tested. An additional
packaged length shall be tested after 50,000 feet, and each 50,000 feet thereafter.

In the Javent of a dielectric breakdown of the insulation in a given production run,.ali

lengthg

c) The
this cas

Note: Where an 4

6.3.2 For all
without breakd

in that run shall be subjected to the dielectric withstand test.

pssembled cable shall be tested for dielectric strength before the overall jacke
e, either:

1) One shipping length from each master reel of the finished-cable shall also
dielectric strength. If there is a dielectric breakdown of the\insulation on any co
finished cable in that length, 100 percent of the finished\cable on the master rg
the length was taken shall be tested, or

2) The assembled cable is subjected to the*Spark test after insulating”, as
Clause 6.1, prior to the application of the ovérall jacket and again after jacketin
rewind in one continuous operation.

c voltage is used, the frequency is to be 48 \62 Hz.

cables except those described in Clauses 6.3.3 — 6.3.5, the insulation sh

the packaged

L is applied. In

be tested for
nductor in the
el from which

described in
g prior to final

all withstand,
en conductors

own, a voltage of 2.5 kV.de:or 1.5 kV ac for a minimum of 2 s, applied betwes

and between gonductors and shields (if-present).

6.3.3 For cables with bonded metal shields with foam or foam-skin insulation and conductgr gauge sizes
22 — 30 AWG| the foam or foam-skin insulation shall withstand for a minimum of 2 s, witholit breakdown,
the following vpltages applied between conductors:

Conductor size
22,23 AWG

Test voltage
1500 V dc or 1050 Vac

P WaYaVa W]
v v u

1000 Vdcor750Vac

DA O AN
L5, £9 AVVU

26 - 30 AWG

Qra\/
CUINoJvu vav

In addition, the insulation between the conductors and the bonded shield shall withstand, without
breakdown, 5.0 kV dc or 3.0 kV ac for a minimum of 2 s.

6.3.4 For coaxial members, the insulation shall withstand, without breakdown, 2.5 kV dc or 1.5 kV ac for
2 s when the test potential is applied between the conductor and the shield, with the shield connected to
earth (ground).

6.3.5 For cables without bonded metal shields, and having foam insulation that is not more than 0.20 mm
(0.008 in) in average thickness and that does not have a skin, the dielectric strength test voltage shall be
2000 V ac or 2850 V dc applied for at least 2 s.
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7 Capability Tests

7.1 Corrosion resistance of uncoated copper conductors

Uncoated copper conductors shall be removed from specimens of the finished cable and from specimens
of insulated conductors aged at the elevated temperature for the length of time indicated in Clause 7.3 that
applies to the insulating material on the conductor. A minimum of three unaged specimens and three aged
specimens shall be tested. None of the specimens of the uncoated copper shall show any evidence of
pitting or of corrosion compounds in a close visual examination without magnification with normal or
corrected-to-normal vision. The test procedure shall be performed in accordance with the test, Copper
corrosion, in CSA C22.2 No. 2556 or UL 2556.

7.2 Crush regsistance of insulation

721 An av
insulation on
(grounded) nf
described bel
insulation (so

7.2.2 The fd

erage force of at least the level indicated in Table 11 shall be necessary
h conductor taken from the finished cable to the point that the conductor conta
etal of the testing machine. The test shall be made on an insulated solid
pw, with the results qualifying both solid and stranded conductors having the
id or foamed) of the same material in the same thicknesses.

llowing solid insulations shall be considered to havesacceptable crushing st

this test: solid
test to have
insulation sha

insulations that are at least 0.15 mm (0.006 in) indaverage thickness and that
a tensile strength (unaged specimens) of atleast 13.8 MPa (2000 Ibf/in
Il be tested.

7.2.3 The inpulated conductors shall be removed from“a sample length of the finished cab
conductors and individually straightened with the.fingers. Specimens 180 mm (7 in) long sh
the straight insulated conductors. Each of the five specimens shall be tested separately by
twice between two 50 mm (2 in) wide, flat, horizontal steel plates in a compression machir
close at the rate of 5.0 £0.5 mm/min (0.20:+0.02 in/min). The edges of the plate shall not
length of a specimen shall be parallel-to~the 50 mm (2 in) dimension of the plates, 25 m
specimen shall extend outside of the-plates at one end of the specimen, and 100 mnj

specimen shgll extend outside the plates at the other end of the specimen.

7.2.4 The plptes shall be electrically connected together, to the metal of the testing machin
(ground). The specimens;:the apparatus, and the surrounding air shall be in thermal equili
another at a temperaturé of 24 £8°C throughout the test. The machine shall be started and
subjected to the increasing force of the plates moving toward one another until a short cir
indicated by fa low-voltage indicator such as a buzzer, lamp, or LED) between the co

to crush the
tts the earthed
conductor as
same form of

rength without
are shown by
F). All foamed

e having solid
all be cut from
being crushed
e whose jaws
be sharp. The
m (1 in) of the

(4 in) of the

e, and to earth
brium with one
the specimen
Cuit occurs (as
nductor in the

specimen and one or both of the earthed (grounded) plates. The maximum force exerted on

the specimen

before the short circuit occurs shall be recorded as the crushing force for that end of the specimen.

7.2.5 After the short circuit occurs, the machine shall be reversed and the plates separated. The
specimen shall be turned end for end, rotated 90°, reinserted (from the end opposite the one originally
inserted) between the plates, and crushed. The two crushing forces shall be averaged for each specimen.
The average of all ten of the crushing forces obtained for the five specimens shall be used as the value to
compare with the requirement in Table 11.

7.3 Insulation unaged and heat-aged requirements

7.3.1 For cables to be rated 60°C

Specimens of solid single-layered unaged insulation removed from finished insulated conductors shall
have a minimum tensile strength of 8.3 MPa (1200 Ibf/in?) and a minimum elongation of 100 percent when
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tested in accordance with the test procedures in CSA C22.2 No. 2556 or UL 2556. Specimens of foam and
multiple-layered insulation shall be required to comply only with the flexibility test described below. For the
crush resistance test of insulation to be waived (see Clause 7.2.2), the minimum tensile strength shall be
13.8 MPa (2000 Ibf/in?).

For all insulated conductor types, specimens 305 mm (13 in) long shall be placed in a circulating-air oven
conforming to ASTM Standard D5423 (Type Il ovens) and ASTM Standard D5374 and maintained at a
temperature of 100 +2°C for 7 d or 121 £2°C for 48 h. A minimum of six specimens shall be tested.
Insulations with band-marking inks may have the ink removed before specimens are aged. After removal
from the oven, the specimens shall rest for 16 — 96 h in still air at room temperature and then shall be
wound tightly, for six close turns, around a mandrel having a diameter no greater than that of the insulated
conductor under test. The insulation shall be examined for cracks using a lens having magnification of 5X.
The insulated Fonductor sha bff with a knife
or razor-blade], and the conductor removed for exammatlon of the inner surface of theminsplation. There

shall be no cr
that do not co
the requireme

7.3.2 Forca

7.3.2.1 Sped
meet the appt
accordance w|
band-marking
insulation to b

7.3.2.2 Spedi

appropriate v3
accordance w

7.3.23 PVD
7.3.2.4.

7.3.2.4 Sped
shall be place
Standard D53
adjacent to th

cks on either the inside or the outside surface of the insulation. In the event
mply, an additional minimum of six specimens shall be tested, all of which sha
nt.

bles to be rated 75 — 250°C

imens of solid single-layered insulations removed from finished insulated co
opriate values of unaged elongation and tensile strength shown in Table 9 w
th the test procedures in CSA C22.2 No. 2556 -or UL 2556, except that for in
inks the ink may be removed before specimensrare aged. For the crush resi
b waived (see Clause 7.2.2), the minimum tensile strength shall be 13.8 MPa (!

imens of solid single-layered insulations except PVDF rated 125 °C sh
lues of aged retention of elongation“and tensile strength shown in Table 10
th the test procedures in CSA C22.2 No. 2556 or UL 2556.

- rated 125°C, foamed, andumulti-layered insulations shall meet the requireme

imens of PVDF rated 125°C, foamed, or multiple-layered insulations 305 mr
d in a circulating-air oven conforming to ASTM Standard D5423 (Type |l over
74 and aged-for the appropriate time and temperature shown in Table 10 for
e conductor: When the insulation is foamed, the aging shall be as specifieg

insulation. A

nimum-ef six specimens shall be tested. Insulations with band-marking inks

ink removed befare specimens are aged. After removal from the oven, the specimens shall rg

Ti

of test results
Il comply with

hductors shall
hen tested in
sulations with
stance test of
P00O Ibf/in?).

all meet the
hen tested in

nts of Clause

n (13 in) long
s) and ASTM
the insulation

for the solid
may have the
pst for 16 — 96

h in still air atf reom temperature and then shall be wound tightly, for six close turns, arou

nd a mandrel

having a diameter no greater than that of the insulated conductor under test. The insulation shall be
examined for cracks using a lens having magnification of 5X. The insulated conductor shall then be
straightened, one side of the tube of insulation sliced off with a knife or razor-blade, and the conductor
removed for examination of the inner surface of the insulation. There shall be no cracks on either the
inside or the outside surface of the insulation. In the event of test results that do not comply, an additional
minimum of six specimens shall be tested, all of which shall comply with the requirement.

7.4 Insulation shrinkback

7.4.1 Immediately before testing, 200 mm (8 in) specimens shall be cut from the centre 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. The 150 mm (6 in)
specimen shall be placed on a felt bed or on a layer of preheated talc in a circulating-air oven conforming
to ASTM Standard D5423 (Type Il ovens) and ASTM Standard D5374 and held for 1 h at a temperature
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specified in Clauses 7.4.2 and 7.4.3. At the end of the conditioning period, the specimen shall cool to room
temperature. The total shrinkback of the insulation, which is the sum of the shrinkback measured at both
ends of the conductor, shall not exceed 9.5 mm (3/8 in). A minimum of three specimens shall be so tested.
In the event of test results that do not comply, an additional three specimens shall be tested, all of which
shall comply with the requirement.

7.4.2 For cables to be rated 60 — 105°C, the air oven temperature shall be 121 +2°C. For materials that

melt or deform at this temperature, the test shall be conducted at 115 +2°C.

7.4.3 Forca

7.5

bles to be rated 125 — 250°C, the air oven temperature shall be 150 £2°C.

Insulation cold bend

Testing to be
No. 2556 or

diameter of th
for not less th

the mandrel at a rate of 4 — 6 s per turn. The insulation shall show no visible cracks ur

corrected-to-n
event of test
which shall cg

7.6 AC leakiage current through overall jacket

7.6.1 The m
exceed 10 mA

Clauses 7.6.2

shield(s) conr
150 mm (6 in

76.2 Thea
current of 10

76.3 The a
results in 150
then be redug
current throug
being increas

performed in accordance with the procedure outlined in the test, Cold bend,

e insulated conductor (see Table 12) shall be conditioned at a temperature of
an 4 h. While still at this temperature, the conductor shall be wound five clos

ormal vision without magnification. A minimum of three specimens shall be s¢
esults that do not comply, an additional minimum of three)specimens shall b
mply with the requirement.

ns current flow through the overall jacketcen one specimen of the finished ¢
\ when a 48 — 62 Hz essentially sinusoidal'rms potential of 1500 V is applied &
P and 7.6.3. The test potential shall>be applied between all of the condu
ected together and an earthed (grounded) metal foil that is in intimate contact
of the outside surface of a speeimen of any convenient length.

paratus shall consist of @ circuit breaker, current meter, or other means of ind
A flowing in the test circtit. The test potential shall be supplied by a transform

bplied rms potential shall be increased from near zero at an essentially un
0 V being applied in 30 s. The potential shall be held constant at 1500 V for
ed to near,zero at the rate mentioned above. The cable shall not be accept
h the jacket on the single specimen exceeds 10 mA at any time while the t
ed, held, or decreased.

7.7 Durability-ofprintit

7.7.1

in CSA C22.2

JL 2556. Specimens of the insulated conductor and a cylindrical mandrel matched to the

-20 +3, —2°C
b turns around
der normal or
tested. In the
e tested, all of

able shall not
s described in
ctors and any
ith the centre

icating an rms
er.

form rate that
60 s and shall
able if the rms
bst potential is

Durability of ink printing, in CSA C22.2 No. 2556 or UL 2556.

All cable types with surface-applied markings of ink shall meet the requirements of the test,

7.7.2 One specimen shall be heated in a forced-air oven at the temperature and for the period specified
for the rated product in Clause 7.8. Upon removal from the oven, the specimen shall be allowed to rest at
room temperature for a period of 1 h.

7.7.3 The procedure described in the test, Durability of ink printing, in CSA C22.2 No. 2556 or UL 2556
shall be performed on the as-received specimen conditioned at 23 +5°C.

7.7.4 The printing on both samples shall remain legible.
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7.8 Unaged and heat-aged requirements of jacket

7.8.1 Specimens of jacket removed from completed cable shall meet the appropriate values shown in
Table 9.

7.8.2 For cables to be rated 60°C, jacket material removed from a length of finished cable shall meet the
aging test as follows. After 7 d, at 100 £2°C, there shall be at least 50 percent retention of the unaged
elongation and 75 percent retention of unaged tensile strength when six specimens are tested in
accordance with the test procedures in CSA C22.2 No. 2556 or UL 2556, with the following modifications:

a) Jackets thinner than 0.46 mm (0.018 in) average, 0.36 mm (0.014 in) minimum at any point
shall be buffed only to remove imperfections, not natural indentations.

b) Ca
tested
used fg

7.8.3 Forjac

bles with an overall diameter not greater than 5.1 mm (0.200 in) may have
as tubular specimens rather than as die-cut specimens. Tubular spegimeéns
r larger cables.

kets to be rated 75 — 250°C, a minimum of six specimens shall be‘aged for the

at the temper

ture shown in Table 10 and tested in accordance with the procedures in C

their jackets
shall not be

length of time
BA C22.2 No.

2556 or UL 25p6, with the following modifications:

a) Jadkets thinner than 0.46 mm (0.018 in) average, 0.36 mim (0.014 in) minimum at any point

shall b¢ buffed only to remove imperfections, not natural indentations.

b) Caples with an overall diameter not greater than*5.1 mm (0.200 in) may have their jackets
tested jas tubular specimens rather than as die-eut specimens. Tubular specimeng shall not be
used fqr larger cables.

Minimum rete
criteria. This s
test described

htion of elongation and tensile strength requirements in Table 10 shall be
hall apply to all jacket materialssexcept PVDF rated 125°C. For these materials
in Clause 7.9 shall be used.

ised as pass
, the flexibility

7.8.4 For caples to be rated 75 —105 °C, the maximum cable rating shall be that of the insulation,
provided that the jacket rating is net\greater than 15°C below the cable rating.

7.8.5 Forca
the cable ratin

bles to be rated-125 — 250°C, the lowest of the insulation or jacket ratings shall determine
0.

7.9 Flexibility (PVDF jackets rated 125°C only)

7.9.1 Aged spetimens of PYDF jackets Tated125°Cimptace o thecabtestrattmotshrowany cracks on

either the inside or outside surface after specimens are wound onto a cylindrical mandrel of the diameter
indicated in Clause 7.9.2. A minimum of three specimens shall be tested. In the event of test results that
do not comply, an additional minimum of three specimens shall be tested, all of which shall comply with the
requirement.

7.9.2 The specimens that are to be aged shall be conditioned in accordance with CSA C22.2 No. 2556 or
UL 2556, for the length of time and at the temperature indicated for the jacket material in Table 10. The
conditioning shall be followed by 16 — 96 h of rest in still air at room temperature before the specimens are
wound onto a mandrel. The aged specimens shall be wound at room temperature for six complete turns
(adjacent turns touching) onto a circular mandrel having a diameter twice that of the diameter over the
overall jacket. Each specimen shall be unwound before being examined.
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7.10 Cable cold bend

7.10.1 Testing to be performed as per the procedure outlined in the test, Cold bend, in CSA C22.2 No.
2556 or UL 2556. Specimens of finished cable shall be conditioned to a temperature of —20 +3, -2°C for a
period of 4 h and, while still at this temperature, wound three close turns around a cylindrical mandrel
having a diameter as shown in Clause 7.10.2. (If the mandrel is metal, it shall be conditioned at the same
temperature.) The jacket and shields (if present) shall show no visible cracks when examined under
normal or corrected-to-normal vision. After removal of the test sample from the cold chamber, the rate of
bending shall be such that the entire cycle of three bends for small cables up to 3.3 cm (1.3 in) diameter is
completed in 30 s and for larger cables in 60 s after removal from the cold chamber. As an alternative the
test may be performed in the cold chamber. A minimum of three specimens shall be so tested. In the event
of test results that do not comply, an additional minimum of three specimens shall be tested, all of which
shall comply With the requirement.

7.10.2 The
shall be base

mandrel diameter shall be a multiple (x) of the diameter over the outside of|the cable and

il on cable construction as follows:

Cable Construction Mandrel
No shield(s) 8x
Shield(s) other than those over the completed 12x
cable core
Any shield (honded or unbonded) over the 15x
completed cable core
7.11 Jacket|peel test
7.11.1 The ¢verall jacket on a cable not having an overall metal shield or a nonmetallic gore wrap shall

be capable of
shall be peele
the finished ¢
be so tested.
shall be teste

7.11.2 Spec
constructed w

being removed (stripped) without any tearing or other damage to the insulati

d from the cable in 30 s.or\less time by a weight exerting 13.3 N (3 Ibf) when
hble are tested as described in Clauses 7.11.2 — 7.11.4. A minimum of three s
In the event of test results that do not comply, an additional minimum of th
i, all of which shall'eemply with the requirement.

mens of 1.2.a1 (4 ft) length shall be cut from a straight sample length of finishe
ithout a.cere wrap or shield. Both ends of each specimen shall be cut clean ar

lo

on. The jacket
specimens of
ecimens shall
e specimens

d cable that is
d square. The

specimens, the apparatus, and the surroundings shall be in thermal equilibrium with on¢ another at a
temperature qf 24 £8°C throughout the test.

7.11.3 The jacket on each specimen shall be slit longitudinally. Cables whose outside diameter is at least
12.7 mm (0.5 in) shall have two slits 180° apart, and smaller cables shall have a single slit. Each cut shall
be straight and parallel to the longitudinal axis of the cable and shall extend from one end of the cable to
the other. At one end of each specimen, the entire jacket (cable that is slit once) or one half of the jacket
(cable with two slits) shall be rolled or folded down over itself a distance of about 50 mm (2 in). The cable
assembly thus bared shall be secured in a clamp or other support fixture that does not disturb the circular
cross section of the assembly. The cable shall hang down below the support with the longitudinal axis of
the cable vertical. A rod, pointer, or other indicator that does not touch the cable shall be adjusted to mark
the top of the rolled-down or folded-down portion of the jacket.

7.11.4 A weight that exerts 13.3 N (3 Ibf) shall be clamped or otherwise attached to the midpoint of the
cut end of the rolled-down or folded-down portion of the jacket. After being attached, the weight shall be
released to exert its downward pull on the jacket tending to strip more of the jacket from the cable. The
time that it takes for the weight to strip 915 mm (36 in) of jacket from the cable, as measured below the
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indicator, shall be recorded. The cable shall not be acceptable if more time than 30 s is required for 915
mm (36 in) of jacket to be stripped from the cable.

7.12 Weatherometer test for Type CMX cable

The overall jacket on Type CMX cable that is smaller in diameter than 6.35 mm (0.25 in) and is surface- or
tape-marked “outdoor” shall be acceptable for exposure to sunlight if the ratio of the average tensile
strength and ultimate elongation of five specimens (conditioned for a period of 300 h) of the overall jacket
to the average tensile strength and ultimate elongation of five unaged specimens of the overall jacket is
0.85 or more when the jacket is tested as outlined in the test, Insulation and Jacket Materials — Physical
properties, weather (sunlight) resistance, in CSA C22.2 No. 2556 or UL 2556 using the xenon arc method.

7.13 Cold impact of outdoor Type CMX cable

7.13.1 After
temperature o
than 6.35 mm
when specims
weight that im

being conditioned for 4 h in circulating air that is precooled to and” ma
f —10 +2°C, the jacket and insulation of finished Type CMX cable thattis small
(0.25 in) and is surface-marked or designated by a marker tape as.“outdoor” s
ns of the complete cable are subjected to the energy of alfree-falling flat-
bacts the cable at the point at which the cable is laid on a herizental steel anvil.

7.13.2 The ipact anvil shall consist of a steel plate having a length.of 150 mm (6 in), a w

(3-1/2 in), and

a thickness of 9.5 mm (3/8 in). A steel ridge 2.4 mi (3/32 in) in height and 1.6

in width shall be positioned in the centre of the plate, perpendicular to the length of the platg

of the same w

See Figure 3.
support.

dth as the plate. The two upper edges of the'ridge shall have a 0.18 mm (0.(
The anvil shall be secured to a concrete floar/the framework of the building, of

7.13.3 The impact energy shall be provided by-a weight in the form of a circular steel cyli

diameter of 25
axis of the weg
enable the we
1+0.02 J (3in b

mm +0.1 mm (1.0 in £0.04 in) and a flat impact face that is perpendicular to th
ight and has rounded edges::The weight of 0.113 kg +0.006 kg (0.25 Ib 0.
ght, when dropped from,thé-height indicated in Clause 7.13.8, to supply an en
f £0.18 in Ibf) to the cable:

7.13.4 Thei

pact specimens,shall consist of ten separate 380 mm (15 in) sections cut fi

intained at a
er in diameter
hall not crack
faced circular

dth of 90 mm
mm (1/16 in)
, and shall be
07 in) radius.
another solid

nder having a
e longitudinal
D132 Ib) shall
ergy of 0.34 J

om a straight

sample length|of the completefinished cable.

aintained at a
be in thermal
est.

7.13.5 The gpecimens,'shall be cooled for 4 h in circulating air that is precooled to and m
temperature of —10£2°C. The impact weight and the remainder of the test apparatus shall
equilibrium with the,surrounding air in the test room at a temperature of 24 +8°C through the

7.13.6 At the conclusion of the 4 h of cooling, the impact weight shall be supported with its lower face
horizontal. A vertical line through the centres of gravity of the impact weight and the stationary anvil shall
be coincident with a vertical line through the dimensional centre of the lower face of the impact weight and
the dimensional centre of the upper face of the stationary anvil. A set of rails or other vertical guide(s) shall
constrain the impact weight and keep its lower face horizontal while the weight is falling and after it has
struck the cable. The rails or other guide(s) shall not interfere with the free fall of the impact weight. A
mechanism shall be provided at the top of the guide(s) for releasing the impact weight to fall freely through
a height of 305 mm (12 in) and strike the cable. A means shall also be provided to keep the weight from
striking the cable more than once during each drop.

7.13.7 The ten test specimens of the cable shall be individually removed from the cold chamber and
tested in succession, each within 15 s of its removal from the chamber. For the first specimen, the impact
weight shall be secured several cable diameters above the anvil, and the specimen shall be placed and
secured on the anvil with the longitudinal axis of the specimen horizontal, parallel to the longitudinal axis of
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the steel anvil (perpendicular to the ridge), and in the vertical plane containing the coincident vertical lines
mentioned in Clause 7.13.6.

7.13.8 The position of the impact weight shall be adjusted to place the lower face of the weight 305 mm
(12 in) above the upper surface of the first specimen of the cable. The impact weight shall be released
from this height, shall fall freely in the guide(s), shall strike the specimen once, and shall then immediately
be raised to and secured at the 305 mm (12 in) height. Each of the remaining nine specimens shall be
tested likewise from this height.

7.13.9 After each specimen has been impacted, and with a minimum of handling, the specimens shall
each be unsecured from the anvil and placed on a horizontal surface away from the apparatus, where they
are to rest undisturbed for at least 4 h in still air to warm to a room temperature of 24 +8°C before being

examined for
further for ins

nside and outside surface cracks. The specimens shall then be disassembled
ide and outside surface cracks in the jacket and in any of the insulation) €

inside surfacg¢ of the jacket or insulation can be detected as circumferential depression

surface of g
fluoropolymer
cracking. The

7.13.10 The
the jacket ori

7.14 Flame
Note: Annex
7141 Type

or NFPA 262
optical densit

specimen of material other than a fluoropolymer. Circumferential dep
surface are likely to be yield marks (locally stronger points). rather thar
examinations shall be made without magnification with normal,or corrected-to

cable shall not be acceptable if any of the cracking described in Clause 7.13
hsulation of more than two of the ten specimens.

and smoke requirements
B gives guidelines for sample selection. Annex C gives permitted cable substit

CMP shall be tested in accordance with the flame and smoke test specified i

and examined
facking on the
s in the outer
ressions in a

indicators of
normal vision.

8.9 is visible in

ytions.

n ULC-S102.4

The maximum flame spread distance shall not exceed 1.52 m (5 ft). The npaximum peak

y of smoke shall not exceed 0.50 and the average optical density shall nof

Cables meeting this criterion shall be deemed to meet the criteria for FT6 flame test classific

7.14.2 Type

7.14.3 Type
2556 or UL
applicable) de

7.14.4 Type
measurement

CMR shall comply with the test described in UL 1666.

CMG shall comply/with the FT4 test described in vertical tray flame test, of §
P556 or withythe’ FT4/IEEE 1202 type of flame exposure (smoke measure
scribed inAUL*¥1685. The length of char shall not exceed 1.5 m (60 in).

CMs-and cross-connect wire, shall comply with the UL flame exp
s are‘hot applicable) described in UL 1685. The char height for each specime

exceed 0.15.
ation.

SA C22.2 No.
ments are not

bsure  (smoke
h shall be less

N o oo e rorn thoe ottt Afth Ao treay

than 244 cm

AAL Bn-rA A Ff
oW mecasSurct o T T oo o e oaoicaay:

7.14.5 Types CMX and CMUC shall comply with the VW-1 flame test described in CSA C22.2 No. 2556
or UL 2556. Burning shall cease within 60 s after any application of flame, and not more than 25 percent of
the extended indicator shall be burned. The specimen shall not emit flaming, glowing particles or flaming
droplets that ignite the cotton (flameless charring of the cotton is not considered ignition).

7.14.6 Type CMH shall comply with the vertical flame/FT1 test described in CSA C22.2 No. 2556 or UL
2556. Burning shall cease within 60 s, and not more than 25 percent of the extended portion of the
indicator shall be burned.
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7.15 Measuring thickness of insulation and rounding off the results

7.15.1

Thickness measurements of insulation having an average thickness or minimum thickness at any

point of not more than 0.152 mm (0.006 in), including any skin, shall be made in accordance with the test,
Thickness, in CSA C22.2 No. 2556 or UL 2556.

7.15.2 Rounding off to the nearest 0.0001:

a) Afig

ure in the fourth decimal place shall remain unchanged if

i) the figure in the fifth decimal place is 0 — 4 and the figure in the fourth decimal place is odd

or even; or

b) A fig

7.15.3 Roun

a) Afig

b) A fig

ii) if the figure in the fifth decimal place is 5 and the figure in the fourth decimal
(0, 2, 4, and so forth).

ure in the fourth decimal place shall be increased by 1 if

or even; or

ii) the figure in the fifth decimal place is 5 and the figur€.in the fourth decimal p
3, 5, and so forth).

ing off to the nearest 0.001:
ure in the third decimal place shall remain;unchanged if

i) the figure in the fourth decimal place is 0 — 4 and the figure in the third de
odd or even; or

ii) if the figure in the fourth decimal place is 5 and the figure in the third de
even (0, 2, 4, and so forth):

ure in the third decimal place shall be increased by 1 if

i) the figure in the-fourth decimal place is 6 — 9 and the figure in the third de
odd or even;‘or

ii) the figure in the fourth decimal place is 5 and the figure in the third decimg
(1, 3x5and so forth).

place is even

i) the figure in the fifth decimal place is 6 — 9 and the figure in the fourth decimal place is odd

ace is odd (1,

cimal place is

cimal place is

cimal place is

| place is odd

7.15.4 Roun

a) Afig

b) A fig

dingoff totheearest -0

ure in the second decimal place shall remain unchanged if

i) the figure in the third decimal place is 0 — 4 and the figure in the second decimal place is

odd or even; or

ii) if the figure in the third decimal place is 5 and the figure in the second decimal place is

even (0, 2, 4, and so forth).

ure in the second decimal place shall be increased by 1 if

i) the figure in the third decimal place is 6 — 9 and the figure in the second decimal place is

odd or even; or
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7.16 Condu

7.16.1
procedure of t

ii) the figure in the third decimal place is 5 and the figure in the second decimal place is odd

(1, 3, 5, and so forth).

ctor resistance

he test, DC resistance, in CSA C22.2 No. 2556 or UL 2556.

Resistance measurements shall be made by testing in accordance with the relevant test

7.16.2 For temperatures other than 20 and 25°C, temperature factors for adjusting the dc resistance of
all be made according to Table 1 of CSA C22.2 No. 2556 or UL 2556.

conductors sh

7.16.3 The
2or Table 3

7.17 Cond

Measurement
cross-section
made in acco
mass (weight

7.18 Compr

7181 A mi
plates of a cq
dimensions o
but are othery
the steel disk
of sharp edgq
folded back o

hen multiplied by the appropriate factor Table 13.
ctor diameter or cross-sectional area

s of the diameter of a solid conductor or of a wire (strand) fromva stranded
bl area of a stranded conductor, or the cross-sectional area of\a tubular cong
Fdance with the procedure outlined in the test, Conductor diameter, Cross-se
method, or Cross-sectional area by diameter method,.in CSA C22.2 No. 2556

essive loading test for Type CMUC

nimum of three specimens, each tested separately, shall be placed betweer
mpression machine whose jaws close atca rate of 5.0 £0.5 mm/min (0.2 +0.d

value in Table

conductor, the
juctor shall be
ctional area by
or UL 2556.

parallel steel
2 in/min). The

the lower plate shall be such that the test specimen is completely supported during the test,

vise not specified. The dimensions ofdhe upper plate shall be such that it con
it will be brought to bear down on, but are otherwise not specified. Both plate
s and burrs. A 0.5 m (1.6 ft) specimen of finished Type CMUC cable that h
n itself to simulate a right-angle turn shall be placed on the lower plate. A 14

square of commercial carpet, consisting of 300 g/m? of nylon with 950 g/m? of foam ba

placed over t
over the carp
brought toget
3s, and then

four more tim
strength test
between the

ne specimen. A steel disk 13 mm (0.5 in) in diameter, 13 mm (0.5 in) thick, s
bt square and centred over the cable fold. The plates of the compression mz
ner such that they.bear down on the steel disk with a force of 1.3 kN (290 Ibf)
released. The cycle of applying and releasing the compressive force shall thg
bs. After thefive compressive load cycles, the specimen cable shall comply wit
described™in Clause 7.18.2 as applicable. The test specimens shall not b
compressive load cycles or before the dielectric strength test. For cable not ¢

pletely covers
s shall be free
s been hand-
0 mm (6.0 in)
king, shall be
hall be placed
chine shall be
for a period of
n be repeated
h the dielectric
b straightened
esigned to be

folded, this tegt shall be performed without folding the specimens.

7.18.2 Specimens of nonshielded Type CMUC cable that have been subjected to the compressive
loading test described in Clause 7.18.1 shall be immersed in water for 1 h, with between 153 mm (6 in)
and 203 mm (8 in) length submerged to either side of the compressed area. The ends of the specimens
shall be kept dry, and shall extend a minimum of 33 mm (1.3 in) above the water. The cable shall
withstand, without breakdown, the application of a 48 — 62 Hz sinusoidal or nearly sinusoidal rms potential
of 1.0 kV between conductors, and between all conductors and the water for 60 s. The applied potential
shall be increased from near zero at a uniform or nearly uniform rate that is not less than 100 percent of
the potential rating of the wire or cable in 60 s, and is not more than 100 percent in 10 s (the rate of
increase is not to exceed 500 V/s in any case.

7.19 Heat shock test for cross-connect wire

The test method shall be in accordance with the test, Heat shock, in CSA C22.2 No. 2556 or UL 2556. The
insulation shall be aged in a circulating-air over conforming to ASTM Standard D5423 (Type Il ovens) and
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ASTM Standard D5374 for 1 h at the temperature of 100 £1.0°C (212.0 £1.8°F) for cables rated 60°C. For
cables rated above 60°C, the conditioning temperature shall be as specified in Table 10. Each specimen
shall be tightly wound for six complete turns around a mandrel with a diameter of 1.59 mm (0.062 in). A
minimum of three specimens for each insulation type shall be tested. The insulation shall not show any
cracks on the inside or outside surface. In the event of test results that do not comply, an additional
minimum of six specimens shall be tested, all of which shall comply with the requirement.

7.20 Deformation test for cross-connect wire
The test method shall be in accordance with the test, Deformation, in CSA C22.2 No. 2556 or UL 2556.

The insulation shall be aged in an air oven at 100.0 £1.0°C (212.0 £1.8°F). Conductor sizes 16 — 20 AWG
shall be subjected to a load of 0.40 kgf or 3.92 N (0.88 Ibf). Conductor sizes 21 — 30 AWG shall be

subjected to a
50 percent. A

load of 0.25 kgf or 2.45 N (0.55 Ibf). The maximum decrease in insulation thick
minimum of three specimens for each insulation type shall be tested. Inthe

results that d¢ not comply, an additional minimum of six specimens shall be tested;-all

comply with th

7.21 Dielect

7.21.1 Diele

A minimum of
overall length
aging in an ai
60°C at the tg
period of 1 h

wound around
The specimen
less than 1 h.

at a uniform o
cable in 60 s 4
case). This adg
1500 V (1060
specimens sh
that do not ¢
requirement.

7.21.2 Diele

e requirement.
ric tests for cross-connect wire
ctric test before and after aging on a mandrel tested in.water

three specimens each shall be tested both beforeland after the specified con
of the specimen shall be 457 mm (18 in). Samples of finished wire both be
over for 1 h at a temperature of 100°C for cable rated 60°C, and for cable
mperature and for the time indicated in Table 10, shall be placed in a cold ¢
at a temperature of -10°C (14°F). At thevend of the conditioning, the specir
a 1.59 mm (0.062 in) mandrel for six.complete and close turns with the ends t
s shall then immediately be placed\in a water bath at room temperature for 3
he specimens shall be subjected)to an applied ac potential that is increased f|
r nearly uniform rate that is not less than 100 percent of the potential rating
nd is not more than 100 percent in 10 s (the rate of increase is not to exceed §
potential shall be applied between the conductor and an electrode placed
V dc) is attained. Thétest potential shall be held for a period of 1 min without b
bll withstand the 4500 V potential for 1 min without breakdown. In the event

ctric test-on unaged specimens in water at room temperature

Six metres (2(

ness shall be
event of test
bf which shall

ditioning. The
fore and after
5 rated above
hamber for a
nens shall be
aped in place.
period of not
fom near zero
of the wire or
500 V/s in any
in water until
reakdown. All
of test results

bmply, an additional six specimens shall be tested, all of which shall comply with the

ftyof 7.6 m (25 ft) coils shall be immersed in a tank of water at room tempd

rature for not

less than 12 h. At the end of this period, an ac potential that is increased from near zero at a uniform or
nearly uniform rate that is not less than 100 percent of the potential rating of the wire or cable in 60 s, and
is not more than 100 percent in 10 s (the rate of increase is not to exceed 500 V/s in any case) shall be
applied between the conductor and an electrode placed in water until 1500 V (1060 V dc) is attained. This
test potential shall be held for a period of 1 min. Three specimens each shall be tested. All specimens shall
withstand the 1500 V potential for 1 min without breakdown. In the event of test results that do not comply,
an additional minimum of six specimens shall be tested, all of which shall comply with the requirement.

7.22 Sunlight resistant test

Any cable that is marked for sunlight-resistant use as described in 8.3.8 shall be considered acceptable
for use in sunlight if the ratio of the average tensile strength and ultimate elongation of five conditioned
specimens of the overall jacket to the average tensile strength and ultimate elongation of five
unconditioned specimens of the overall jacket is 0.80 or more, when the finished cable is conditioned and



https://ulnorm.com/api/?name=UL 444 2023.pdf

JUNE 30, 2023

CSA C22.2 No. 214-17 ¢+ UL 444

27

tested in accordance with the weather (sunlight) resistance test in CSA C22.2 No. 2556 or UL 2556, using
720 h xenon-arc exposure.

7.23 Circuit integrity test for cable marked "-CI"

(United States only)

Cable that is marked as specified in Clause 8.4.3 to indicate circuit integrity shall comply with the

requirements

for cable marked "-ClI" in Tests for Fire Resistive Cables, UL 2196.

7.24 Cable heating test for cables marked "-LP" (XX)

7.241 Whe
insulation an
temperature
at room ambi

7242 The
series to a pg

jacket of the cables, after being corrected to an ambient of 45°C, shall

t and then adding 45°C.

cables shall be arranged in a bundle consisting of 192 cables,'and electricall

37 cables shall be arranged in a hexagonal densest packing structure-which represents

thermal dissig

ation situation. The remaining cables shall be evenly distributed in a random

 tested as described in Clause 7.24.2 and 7.24.3, the temperatures .measured on the

;i

t exceed the

ting of the cable. The temperature shall be determined by measuring ithe tepnperature rise

connected in

wer supply capable of providing the rated current marked as part of the LP rafing. The inner

e worst case
shion to form

a 192-cable hundle. The bundle shall be placed in a 1.83 m %5 cm (6 foot £ 2 in) lond commercially

available non
without puttin

-metallic conduit (Schedule 40) with the minimium diameter needed to ins
) pressure on the cables. Each end of the conduit shall be filled with insulation,

all the bundle

7.24.3 The {emperatures shall be measured on the\outer jacket and conductor insulation of the centre

cable at the
conductor ins

7.244 Temq
(0.21 mm?) 4
temperatures
wires with 4
measuremen{

midpoint of the cable. In addition, demperatures shall be measured on t
Llation on the centre cable 0.6 m (2+ft) on each side of centre thermocouple.

eratures shall be measured by means of thermocouples that are not larger
nd not smaller than 30(AWG (0.05 mm?). When thermocouples are used

it is common practice'to employ thermocouples consisting of 30 AWG iron &

suitable indicating\‘instrument. This equipment shall be used whene
of temperature-is.necessary.

7.24.5 The thermocouples and related instruments shall be accurate and calibrated in ag

standard labg
Tolerances or

ratory_practice. The thermocouple wire shall conform to the requirements s
Initial-Values of EMF versus Temperature tables in ANSI/ASTM E230/E230M

he jacket and

than 24 AWG
n determining
nd constantan
er a referee

cordance with
pecified in the

7246 Ath

Tmocoupte junctiom and—adjacent thermocoupte teadwire stattbe—securety

held in good

thermal contact with the surface of the material whose temperature is being measured. In most cases,
acceptable thermal contact results from securely taping or cementing the thermocouple in place.

8 Marking of Cables

8.1

General

Markings shall be readily legible and repeated at intervals in accordance with Clause 8.5 throughout the
entire cable length. The voltage rating for the cable shall not be marked on or in the cable. Surface
marking of cross-connect wire is not required.
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8.2 Type of marking

8.2.1 General

The type of marking shall be as specified in Clause 8.2.2 or 8.2.3, as applicable.

8.2.2 Surface marking

Surface marking shall be ink, laser, indented, or embossed marking that is printed on the outside surface
of the overall jacket.

The thickness

of tha insulation or iacket under the nrintina shall nat ha radiiced halow.
—HRe—RStHatHoR—eja6ket+—uhRae—e—pHAHRg—SHar—RE+Be8—+eaHc8 66— 810W

the minimum

required.

Laser printing
after conditior
buffed or skive

shall be acceptable if it does not reduce the tensile strength and elongation
ing) below the minimum allowed for the material. The laser-imprinted ares
d during the test.

8.2.3 Printed marker tapes

Printed marke

r tapes shall be allowed only as follows:

a) Direftly under a transparent or translucent jacket; provided that it is readily legib
jacket;
b) Anyyhere in the cable, outside an insulated.conductor, and outside a unit assembl
cable whose outermost covering is wire armaur, a metal braid, or interlocked armour;
¢) Whefre impracticality of a surface marking is demonstrated.

8.3 Required marking

8.3.1 General

The sequence

of items is not specified.

8.3.2 AWG gize

For cables wif]

(unaged and
shall not be

e through the

y, and only for
or

hall conductors of the same size, only the size (but not the quantity) shall be

required. If a

coaxial member(s)is present, the size shall be marked.

For cables containing a mixture of AWG sizes, the quantity and size of each shall be required.

Conductors that exceed the maximum resistance requirement in Table 2 and Table 3 for a specific AWG
size shall be identified as the AWG of the next smaller AWG conductor (next higher AWG number).

The use of ma

8.3.3 Flame

8.3.3.1

rking “AWG” shall be optional.

test classification

Cables shall be marked as follows:

a) CMP — for cables meeting CSA FT6 or NFPA 262;


https://ulnorm.com/api/?name=UL 444 2023.pdf

JUNE 30, 2023

CSA C22.2 No. 214-17 ¢+ UL 444

29

b) CMR - for cables meeting the requirements for flame propagation and maximum exposure
temperature described in UL 1666;

c) CMG - for cables meeting CSA FT4 or FT4/IEEE 1202 type of flame exposure (without smoke
measurements) in UL 1685 or the Vertical flame test (Method 2-FT4) in CSA C22.2 No. 2556 or UL

2556;

d) CM or cross-connect — for cables meeting UL flame exposure (without smoke measurements) in
UL 1685 or the Vertical flame test (Method 1 — Vertical tray) in CSA C22.2 No. 2556 or UL 2556;

e) CMX or CMUC - for cables meeting the VW-1 test specified in CSA C22.2 No. 2556 or UL 2556

f) CMH — for cables meeting vertical flame/FT1 test of CSA C22.2 No. 2556 or UL 2556.

8.3.3.2 Cab
designations

8.3.4 Respc

Markings sha
location ident
identification
or any other @
identified.

es containing optical fibore member(s) shall be marked with the suffix “QF”
n Clause 8.3.3.1.

pnsible organization

| specify the name, trade name, or applicable mark, or file humber, as well as
fication if the cable is manufactured in more than one/loeation. The manufaad
s the name of the cable manufacturer, that manufacturer's trade name for the
istinctive marking by means of which the manufacfuring location for the cable

8.3.5 Temperature rating

For cable ratg
8.3.6 Type'

A cable which
2556, and m
standard may

Cables meeti
and meet the
the requireme

d over 60°C, the temperature rating shall be stated as °C or C.
CMX Outdoor"

meets the requirements in 5.1.11, passes the VW-1 flame test in CSA C22.2 \
bets the weatherometér test and the cold impact test described in 7.12 an
be marked "CMX-Qutdoor".

ng the requiréments in 5.1.12, pass the VW-1 flame test in CSA C22.2 No. 25
weatherometer test and the cold impact test described in 7.12 and 7.13 of this
nts for CMR may be marked "CMX Outdoor-CMR".

Cables meeti

after the type

manufacturing
turing location
cable, or both,
can readily be

No. 2556 or UL
d 7.13 of this

b6 or UL 2556,
standard and

ng.the requirements in 5.1.13, pass the VW-1 flame test in CSA C22.2 No. 25!

b6 or UL 2556,

and meet the weatherometer test and the cold impact test described in 7.12 and 7.13 of this standard and
the requirements for CMG may be marked "CMX Outdoor-CMG".

Cables meeting the requirements in 5.1.14, pass the VW-1 flame test in CSA C22.2 No. 2556 or UL 2556,
and meet the weatherometer test and the cold impact test described in 7.12 and 7.13 of this standard and
the requirements for CM may be marked "CMX Outdoor-CM".

Cables meeting the requirements in 5.1.15, pass the VW-1 flame test in CSA C22.2 No. 2556 or UL 2556,
and meet the weatherometer test and the cold impact test described in 7.12 and 7.13 of this standard and
the requirements for CMP may be marked “CMX Outdoor-CMP”.
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8.3.7 "AUDIO ONLY" cable

Cables, other than coaxial cable, that employs 15 — 6 AWG copper conductors shall be marked with the
words “ AUDIO ONLY” in addition to other required markings.

Note: Coaxial cable is not required to be marked with the words “AUDIO ONLY”.
8.3.8 Sunlight resistant

Cable that complies with the sunlight-resistant test referenced in Clause 7.22 shall be marked with the
designation "sun res" or "sunlight resistant".

8.3.9 Cableg with grounding/bonding conductor

8.3.9.1 For p cable, other than a coaxial cable, a cable employing a single 14 — 6 AWG
grounding/bor|ding conductor in addition to the conductors used for the communications circuit, the
following wordjng shall be provided:

“XX AWG green insulated conductor for equipment grounding/bonding only”; or

=

“XX AWG green/ yellow insulated conductor for equipment gréounding/bonding only”; g

“XX AWG bare conductor for equipment grounding/bonding only”.
The XX shall He filled in with the AWG size of the grounding/,bonding conductor.
8.4 Optiona| marking
8.4.1 “Shielded” may be marked on cable cantaining one or more shields.

8.4.2 The temperature rating of 60°C-rated cable may be included if marked in accordance with Clause
8.3.5.

8.4.3 Cable that complies with the requirements in Clause 7.23 may be marked with the suffix "ClI". If so
marked, the guffix "-CI" shall_be added immediately after the cable designation. This marking is not
required.

8.4.4 Sequential length marking may be specified.

8.4.5 Cables-may-be-marked-with-etherirformation—excepta—voltagerating—fthe-irfermation does not
confuse or mislead. Cables with multiple qualifications, such as additional NEC type(s) or AWM, include
voltage ratings among additional markings. The additional multiple markings as a group shall be clearly
separated from other markings.

8.4.6 Cables that comply with the cable heating test described in Clause 7.24 may be marked with the
suffix LP (XX) where XX shall be 0.5A, 0.6A, 0.7A, 0.8A, 0.9A, or 1.0A to designate the current rating of
each conductor in the cable. If so marked, the suffix "LP" shall be added immediately after the cable
designation. This marking is optional.

8.4.7 In the United States, the optional designation “ST1” (signifying limited smoke) may be added as a
suffix or immediately following the letters for types CM or CMR or cross-connect that comply with the fire
and smoke requirements in the ST1 limited smoke (Method 1 — Vertical Tray) requirements in CSA C22.2
No. 2556 or UL 2556.
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In Canada, this requirement does not apply.

8.4.8 The optional designation “FT4-ST1” (signifying limited smoke) may be added following the letters
for type CMG that complies with the fire and smoke requirements in the ST1 limited smoke (Method 2 —
FT4)in CSA C22.2 No. 2556 or UL 2556.

8.4.9 In the United States, the “HF” suffix may be added to designate cable where all of the combustible
materials used in the construction (e.g., insulation, fillers, jackets) are halogen-free in accordance with UL
2885, “Outline of Investigation for Acid Gas, Acidity and Conductivity of Combusted Materials and
Assessment of Halogens”.

In Canada, the marking “HALOGEN-FREE” or “HAL-FREE” may be added to designate cable where all of

the combustilple materials used in the construction (e.g., insulation, fillers, jackets) are-h

determined by:

a) X-re
Each

y fluorescence or by analysis of the chemical composition of all combustible n
component shall have less than 0.2 percent (by weight) of halogen eleme

Bromine); and

b) The
tested

84.10 Inth
requirements
61034-2, "Me
Procedure an

acid gas generation of the combustible materials used shall not exceed 2.0
in accordance with the Acid gas emission test (Method’2) in CSA C22.2 No. 21

e United States, the “LSHF” suffix may be added o designate cable that m
and also complies with the requirements for low)smoke when tested in accorg
asurement of Smoke Density of Cables Burning Under Defined Conditions
0 Requirements”.

blogen-free as

haterials used.
nts (Chlorine,

percent when
b56.

eets the “-HF”
ance with IEC
— Part 2: Test

In Canada, th|s requirement does not apply

8.5 Intervalg

8.5.1 Requited marking shall appear’ at intervals throughout the entire cable length gds specified in
Clauses 8.5.4and 8.5.3.

8.5.2 All required markings_on the outside surface of the overall jacket or on a marker tape visible
through the oyerall jacketishall be repeated at intervals that are not greater than 1 m (40 in).

8.5.3 Wherg permitted by Clause 8.2.3 (b) or (c), markings on a marker tape not visible through the

overall jacket

shall be repeated at intervals not greater than 635 mm (25 in).

9 Marking on Tag, Reel, or Carton

9.1

9.11

General requirements

of cable, its reel or carton, or directly printed on the reel or carton.

9.1.2 All of the information required in Clause 8.3 shall be provided.

9.1.3 The number of conductors or pairs shall be provided.

The information specified in Clauses 9.1.2 — 9.1.8 shall be on a tag affixed to each shipping length

9.1.4 The date of manufacture by month and year shall be provided. See Section 10 for requirements
relating to date marking on the cable.
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9.1.5 If the cable is also marked AWM (Appliance Wiring Materials) style, the voltage marking shall be
acceptable.

9.1.6 For a cable that contains one or more optical fibres, the following statement, or another statement
to the same effect, shall be provided:

“Optical fibre portion(s) of cable are for installation(optical and electrical functions associated) as
described in applicable parts of the Canadian Electrical Code, Part |, and the National Electrical Code
(ANSI/NFPA 70). Where optical fibre is installed in a laser system, the system shall comply with the ANSI
Z136 laser system safety Standards.”

9.1.7 For a cable that contains one or more optical fibore members with any individual optical fibre
member or group of such members having a metal or other electrically conductive part,|the following
wording, or other wording to the same effect, shall be provided:

“Optical fibre gortion(s) of cable contain non-current-carrying metal or other electrically condyctive parts.”

9.1.8 For a gable, other than a coaxial cable, employing 15 — 6 AWG copper conductors| the following
wording shall be provided: “For use in audio applications only.”

9.1.9 For a [cable other than a coaxial cable employing a single 14 — 6 AWG groupding/bonding
conductor in addition to the conductors used for the communicatiens circuit, the following wagrding shall be
provided:

“XX AWG green insulated conductor for equipment.grounding/bonding only”; or

“XX AWG green/yellow insulated conductor forequipment grounding/bonding only”; o

-

“XX AWG bare conductor for equipment-grounding/bonding only”.
The XX shall Qe filled in with the AWG size'of the grounding/bonding conductor.
9.2 Other marking
Other information may be added if it does not confuse or mislead.
10 Date of Manufacture

For cable on Wwhich/the outer surface is a jacket, the date of manufacture by month and |year shall be
included among-the tag, reel_or carton markings described in Clause 9 1 or shall be included among the

product markings described in this Standard, where legible on or througmhe outer surface of the cable.
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TABLES

Table 1

Maximum temperature rating of cables relative to diameter and coating of the solid copper
conductor or of each copper conductor strand or thickness and coating of the tubular copper

conductor

(See Clause 5.1.3.)

Diameter of each strand or of the solid conductor or thickness of the tubular

(See Clauses 5.1.6 and 7.16.3, and 8:3.2.)

Maximum direct current resistance of copper conductors in ohms per km

conductor
Metal coating Smaller than 0.38 mm (0.015 in) At least 0.38 mm (0.015 in)
Uncoated, tin|or tin/lead alloy coating 150°C 200°C
S|iver coating 200°C 200°C
Nickel coating over 200°C over 200°C
Table 2

Stranded conductor Solid or tubular conductor

Conductor Uncoated Coated Uncoated Coated

size (AWG) 20°C 25°C 20°C 25°C 20°C 25°C 20°C 25°C
30 354 361 371 37 374 384 390 397
29 277 282 288 294 293 299 305 31
28 223 227 232 236 236 240 245 250
27 175 179 182 186 185 189 193 197
26 140 143 145 148 148 151 154 157
25 111 113 115 117 117 119 121 124
24 87.6 89:2 90.9 93.2 93.8 95.8 103 105
23 69.2 705 71.9 73.2 73.2 74.5 76.1 77.8
22 55.4 56.4 57.4 58.7 59.1 60.4 65.0 66.3
21 43.6 446 45.6 46.3 46.3 47.2 48.2 49.2
20 34.4 35.1 35.8 36.4 36.4 37.1 38.1 38.7
19 27.5 284 28.6 291 29.1 29.7 30.2 30.8
18 21.9 22.3 22.7 23.1 214 21.8 22.2 22.7
17 174 17.7 17.9 18.3 16.9 17.2 17.6 17.9
16 13.7 14.0 14.3 14.6 13.5 13.7 14.0 14.3
15 10.8 111 11.3 11.5 10.6 10.8 11.1 11.3
14 8.60 8.76 8.96 9.09 8.45 8.61 8.78 8.96
13 6.82 6.96 7.09 7.22 6.69 6.82 6.96 7.09
12 5.41 5.51 5.61 5.71 5.31 5.42 5.53 5.64
11 4.33 4.43 4.49 4.59 4.22 4.30 4.39 4.48

Table 2 Continued on Next Page
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Table 2 Continued

Stranded conductor Solid or tubular conductor
Conductor Uncoated Coated Uncoated Coated
size (AWG) 20°C 25°C 20°C 25°C 20°C 25°C 20°C 25°C
10 3.41 3.48 3.54 3.61 3.34 3.41 3.48 3.55
9 2.705 2.758 2.813 2.868 2.652 2.704 2.730 2.784
8 2.144 2.186 2.230 2.274 2.102 2.143 2.163 2.206
7 1.700 1.734 1.768 1.802 1.667 1.699 1.716 1.749
6 1.348 1.375 1.403 1.430 1.323 1.348 1.361 1.388
Table 3
Maximum direct current resistance of copper conductors in ohms per,1000(ft
(See Clauses 5.1.6, 7.16.3, and 8.3.2.)
Stranded conductor Selid-or tubular conductpr
Conductor Uncoated Coated Uncoated Goated
size (AWG) 20°C 25°C 20°C 25°C 20°C 25°C 20°C 25°C
30 108 110 113 115 114 117 119 121
29 84.5 86.1 87.9 89.6 89.3 91.1 92.9 94.7
28 67.9 69.3 70.7 72.0 71.8 73.3 74.7 76.2
27 53.4 54.5 55.6 56.6 56.5 57.6 58.8 59.9
26 427 436 44 .4 45.2 451 46.0 46.9 47.8
25 33.7 344 35.0 35.7 35.6 36.3 37.0 37.7
24 26.7 27.2 27.7 28.4 28.6 29.2 315 32.1
23 21.1 21.5 21,9 223 22.3 22.7 23.2 23.7
22 16.9 17.2 17.5 17.9 18.0 18.4 19.8 20.2
21 13.3 13.6 13.9 14.1 14.1 14.4 14.7 15.0
20 10.5 10,7 10.9 11.1 11.1 11.3 1.6 11.8
19 8.39 8.66 8.71 8.87 8.86 9.04 9.21 9.39
18 6.66 6.79 6.92 7.04 6.52 6.65 6.78 6.91
17 5.29 5.40 5.47 5.59 5.15 5.25 5.36 5.47
16 4.19 4.27 4.35 4.44 4.10 4.18 4.26 4.35
15 3.30 3.37 3.44 3.50 3.24 3.30 3.37 3.43
14 2.62 2.67 2.73 2.77 2.57 2.62 2.68 2.72
13 2.08 2.12 2.16 2.20 2.04 2.08 2.12 2.16
12 1.65 1.68 1.71 1.74 1.62 1.65 1.68 1.71
11 1.32 1.35 1.37 1.40 1.29 1.32 1.34 1.37
10 1.04 1.06 1.08 1.10 1.02 1.04 1.06 1.08
9 0.8245 0.8407 0.8574 0.8742 0.8084 0.8242 0.8319 0.8483
8 0.6535 0.6663 0.6795 0.6929 0.6407 0.6532 0.6594 0.6724
7 0.5182 0.5284 0.5389 0.5495 0.5081 0.5181 0.5229 0.5332
6 0.4112 0.4192 0.4276 0.4359 0.4031 0.4110 0.4148 0.4230
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Table 4
Conductor metal and application

(See Clause 5.1.6.)

Application

Conductor metal Conductor size (AWG)
Copper 30-16*
Copper 30-16
Copper 15-6
Copper-clad steel or Copper-clad 30-6
aluminum

Multiple-conductor or Coaxial Cable

Cross-connect Wire (Cable)

Coaxial or Audio Cable

Coaxial Cable only

* Conductors 14
described in 8.3.9.

is marked as

Table 5

Minimum diameter for solid conductors and cross-sectional area forntubular or stranded

conductors

(See Clause 5.1.6.)

Cross-sectional area of tubular or stranded
Conductor kize Diameter of solid conductor conductor

(AWG) mm in mm? cmil
30 0.251 0.0099 0.0497 98
29 0.284 0.0112 0.0633 125
28 0.318 0:0425 0.0790 156
27 0.358 0.0141 0.100 198
26 0.384° 0.01512 0.126 248
25 0.4322 0.01702 0.159 314
24 0.485% 0.01912 0.201 396
23 0.5482 0.02152 0.254 501
22 0.610% 0.0240% 0.318 627
21 0.688% 0.02712 0.404 796
20 0.7722 0.03042 0.509 1000
19 0.866° 0.03412 0.641 1264
18 1.013 0.0399 0.807 1588
17 1.138 0.0448 1.02 2009
16 1.278 0.0503 1.28 2528
15 1.435 0.0565 1.62 3195
14 1.613 0.0635 2.04 4028
13 1.81 0.0713 2.58 5076
12 2.03 0.0800 3.24 6399
1 2.28 0.0898 4.09 8065
10 2.56 0.1010 5.16 10172

Table 5 Continued on Next Page
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Table 5 Continued

Cross-sectional area of tubular or stranded
Conductor size Diameter of solid conductor conductor
(AWG) mm in mm? cmil
9 2.87 0.113 6.50 12828
8 3.22 0.127 8.20 16180
7 3.63 0.143 10.34 20404
6 4.06 0.160 13.03 25715

@ Minimum acceptable diameter (0.95 x nominal) of a solid conductor of this size.

Table 6 L
Thickness Jf integral insulation (solid) and jacket on 2-, 3-. or 4-conductor flat, panali¢l cable and

distance between conductors

(See Clause 5.2.4.)

Nominal thickness away
from tear area(s) (vertical Minimum thickness at
dashed line through web or any point before
webs in Figure 1) and separation measured MinimOm thickness at Minimlum distance
outside point P or X outside point P or X any point after betwleen copper
(defined in Figure 2) (defined in Figure 2) separation cohductors
Aa
(Information only — not a
Cable types requirement) B? c? D2
and sizes in mm in mm in mm in mm
24 -8 AWG 0.030 0.76 0.027 0.69 0.013 0.33 0.047 1.19
7 -6 AWG 0.045 1.14 0.040 1.02 0.027 0.69 0.080 2.03
@Dimensions A D are illustrated in Figure 1.

Table 7
Thickness? of overall jacket (except for fluoropolymers)

(See Clauses 5.10.4 - 5.10.6.)

Tensile strength less than 17.24 MPa (2500 Tensile strength at least{17.24 MPa
psi) (2500 psi)
mm (ih) mm (in)
Cable core diameter Minimum average Minimum thickness Minimum average Minimum thickness
mm (in) thickness at any point thickness at any point
0.0-3.3 0.33 0.25 0.33 0.25
(0.00-0.13) (0.013) (0.010) (0.013) (0.010)
Over 3.3-8.89 0.58 0.46 0.33 0.25
(0.13-10.35) (0.023) (0.018) (0.013) (0.010)
Over 8.89-10.16 0.69 0.56 0.46 0.36
(0.35-0.40) (0.027) (0.022) (0.018) (0.014)

Table 7 Continued on Next Page
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