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INTRODUCTION

1 Scope

1.1

carrying copper or thermocouple alloy conductors with or without either or both:

a) Grounding conductor(s), bare or insulated, and

b) One or more optical-fiber members, all under an overall jacket.

These requirements cover Type ITC instrumentation control cables consisting of two or more current-

These electrical and composite electrical/optical-fiber cables are intended for use (optical and electrical

functions as
accordance

1.2 These
Jacketed Ty
tests:

a) Th

sociated in the case of a hybrid cable) on circuits rated 150 V or less angh§
vith Article 727 and other applicable parts of the National Electrical Code (NEC).

A or less in

cables are rated 300 V but are not so marked. Cables for direef-burial ar¢ so marked.

be ITC cables comply with one of the following 70,000 Btu/h (20)5kW) verti

e UL test referenced in 35.2.1 — 35.2.2 of these requirenients. These paragra

test method described as the UL Flame Exposure (smoke measurements are not app

Stang
Fiber

b) Th
test
not

c) Fo
35.4.]
smok

1.3 Acable
tape to indic

o)

ard for Vertical-Tray Fire-Propagation and Smoke-Release Test for Electrical
Cables, UL 1685.

cal-tray flame

bhs apply the
licable) in the
and Optical-

e FT4/IEEE 1202 test referenced in 35.3.1 of these requirements. This paragraph applies the

ethod described as the FT4/IEEE 1202 Type of Flame Exposure (smoke meas
plicable) in UL 1685.

limited-smoke cable, either the ULtest or the FT4/IEEE 1202 test referenced
b of these requirements. These paragraphs apply the test methods described in
B measurements included.

that contains one or more’ electromagnetic shields may be surface marked or
hte that it is "shielded".-A cable that contains one or more optical-fiber memb

supplementing the type letters-and is limited (see 14.3) to carrying optical energy that has b

hazardous tg

the human body.

1.4 All Type ITC cables-qualify for exposure to sunlight (a 720-hour sunlight-resistance tes

see 29.1). A
resistant" on

marking.is not required; however, where used, the marking consists of "sun reg"

the.tag and either on the overall cable jacket or legible through the jacket [see 4]

urements are

in 35.4.1 and
UL 1685 with

ave a marker
brs has "-OF"
een ruled not

is required —
or "sunlight

2. 1(1)]-

1.5 These cables may have a metal sheath or armor over the required non/metallic jacket.

1.6 These requirements do not cover the optical or other performance of any optical-fiber member or
group of such members.

1.7 The overall jacket on Type ITC cable is a "gas/vaportight continuous sheath" in the sense discussed
in Sections 501.15 (D) and 501.15 (E) of the National Electrical Code, ANSI/NFPA 70, (see 16.1.1).

1.8 Cables that are surface marked "-ER" are for use as exposed runs of not more than 50 ft (15.2 m)
between a cable tray and equipment where the cables are supported and secured every 6 ft (1.8 m).
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2 Units of Measurement

2.1 In addition to being stated in the inch/pound units that are customary in the USA, each of the
requirements in this Standard is also stated in units that make the requirement conveniently usable in
countries employing the various metric systems (practical SI and customary). Equivalent — although not
necessarily exactly identical — results are to be expected from applying a requirement in USA or metric
terms. Equipment calibrated in metric units is to be used when a requirement is applied in metric terms.

3 References

Wherever the designation "UL 1581" is used in this Standard, reference is to be made to the
j i j UL 1581.

CONSTRUC]
4 Materials

4.1 Each material used in a cable shall be compatible with all of the other taterials used in the cable.

4.2 irements for

construction ¢

Instruméntation tray cable shall comply in all respects with‘-the applicable requ
etails, test performance, and markings.

5 Conductgrs

5.1 The corjductors shall be of soft-annealed copper@rthermocouple alloy. Soft-annealed|copper shall

comply with
Section 8 shg
complying wi

required). Thérmocouple alloys are not specified.

5.2 Each cg

19.1 and 19.4.

6 Size, Teni

6.1 Conduc
alloy. The siZ
marking that
comply with 3

ASTM B3. A metal coating that is previded on soft-annealed copper, in compliance with

Il be of tin complying with ASTM B330f a tin/lead alloy complying with ASTM B
h ASTM B355, of silver complying with ASTM B298 or of another metal or allo

nductor shall be contindous throughout the entire length of the finished cable

per, and Assembly

ors shall be-solid or stranded 22 — 12 AWG copper or solid size 22 — 12 AWG t
es of thermocouple-extension wire are nominal and are intended only for use
is described in 42.1(g). The conductor in a thermocouple-extension wire is nd
diammeter or resistance value.

189, of nickel
y (evaluation

— see test in

hermocouple

in the cable
t required to

7 Conductor Diameter and Cross-Sectional Area

7.1 The diameter of a solid conductor shall not be smaller than indicated in Table 20.1 of UL 1581 when
determined as described in 200.1 and 200.2 of UL 1581. The cross-sectional area of a stranded conductor
shall not be smaller than indicated in the 0.98X nominal column Table 20.1 of UL 1581 when determined
as required in 7.2.

7.2 The cross-sectional area of a stranded conductor is to be determined either:
a) As the sum of the areas of its component strands, or

b) By the weight method outlined in 210.1 —210.4 of UL 1581.
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8 Metal Coating

8.1 If the insulation adjacent to a conductor is of a material that corrodes unprotected copper in the test
in 500.1 of UL 1581, and if a protective separator is not provided, the solid conductor and each of the
individual strands of a stranded conductor shall be separately covered with a metal or alloy coating
complying with 5.1 as applicable to the finished wire type.

8.2 Use of a metal coating is not specified on a solid conductor or the individual wires (strands) of a
stranded conductor on which a metal coating is not required for corrosion protection.

8.3 The maximum temperature rating of the cable is not specified relative to the diameter of copper wires
used in the \nr\ling7 Wrap—oF hraid ehinlrling describhed in 1’7\_’;_')(?\)_ nfhar\nlien, copper strands and solid

copper condlictors shall not be used in a cable with a temperature rating higher than indicatedl in Table 8.1.

Table 8.1
Maximum tgmperature rating of cable relative to diameter and coating of solid copper ¢onductor or

of copper conductor strands

Metal coating of copper strands or of Diameter of each strand or. of the solid conductor
solid 1°Pper conductor Smaller than 0.015 in or 0.38 mm At least 0.015 in 0r{0.38 mm
Uncoated orIated with tin or a tin/lead 150°C (302°F) 200°C (392°F)
alloy
Copted with silver 200°C (392°F) 200°C (392°F)
Cohted with nickel Over 200°C (392°F) Over 200°C (392°F)

9 Separatqr

9.1 A sepafator is acceptable between the.conductor and the insulation of a solid or strinded wire or
cable, but is|not required. A separator. shall be insulating but shall not be considered to be part of the
required insylation.

9.2 A sepafator used betweeniia conductor and insulation shall be colored or shall be opaque to make
the separatof clearly distinguishable from the conductor once the insulation is removed. The|color shall be
other than green or greenand yellow and may be solid, striped, or in some other pattern.

10 Joints

10.1  Ajoinfin a Solid conductor or in one of the individual wires of a stranded conductor shall be made in
a workmanlike manner, shall be essentially smooth, and shall hot have any sharp projections. A joint in a
stranded conductor is to be made by separately joining each individual wire, or is to be made by machine
brazing or welding of the conductor as a whole provided that the resulting solid section of the stranded
conductor is not longer than 1/2 in or 13 mm, there are no sharp points, and the distance between brazes
or welds in a single conductor does not average less than 3000 ft or 915 m 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). The insulation applied to joints after insulating shall be
equivalent to that removed and shall comply with the requirements in this Standard.

11 Resistance

11.1 The direct-current resistance of any length of conductor shall not be higher than the maximum
acceptable (nominal x 1.02) indicated in the applicable one of the eleven Tables 30.1 — 30.5, 30.6, 30.6A,
and 30.7 — 30.10 of UL 1581 at 20°C (68°F) or at 25°C (77°F) or in Table 11.10or Table 11.2 of this Standard
when measured as described in 220.1 — 220.9 of UL 1581.
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Table 11.1
Maximum direct-current resistance of solid copper conductors
Uncoated Coated
AWG size 20°C 25°C 20°C 25°C
of Q/1000 Q/km /1000 Q/km Q/1000 Q/km Q/1000 Q/km
conductor feet feet feet feet
22 16.5 54.1 16.8 55.1 17.2 56.4 17.5 57.4
21 13.1 43.0 13.3 43.6 13.6 44.6 13.8 45.3
20 10.3 33.8 10.5 34.5 10.7 35.1 10.9 35.8
19 8.21 26.9 8.37 27.4 8.54 28.0 8.70 28.5
18 552 244 665 248 678 222 694 227
17 5.15 16.9 5.25 17.2 5.36 17.6 5.47 17.9
16 4.10 13.5 4.18 13.7 4.26 14.0 4.35 14.3
15 3.24 10.6 3.30 10.8 3.37 1.1 3.43 11.3
14 2.57 8.45 2.62 8.61 2.68 8.78 2.72 8.96
13 2.04 6.69 2.08 6.82 2.12 6.96 2.16 7.09
12 1.62 5.31 1.65 5.42 1.68 5,53 1.71 5.64
Table 11.2
Maximum direct-current resistance of stranded’'copper conductors
Uncoated Coated
20°C 25°C 20°C 45°C
AWG size of Q/1000 Q/km Q/1000 Q/km Q/1000 Q/km /1000 Q/km
conductors feet feet feet feet
22 16.9 55.4 17.2 56.4 17.5 57.4 17.9 58.7
21 13.3 43.6 13.6 44.6 13.9 45.6 14.1 46.3
20 10.5 34.4 107 33.1 10.9 35.8 1.1 36.4
19 8.39 275 8.66 28.4 8.71 28.6 8.87 29.1
18 6.66 21.9 6.79 22.3 6.92 227 7.0 23.1
17 5.29 174 5.40 17.7 5.47 17.9 5.59 18.3
16 4.19 137 4.27 14.0 4.35 14.3 4.44 14.6
15 3.30 10.8 3.37 11.1 3.44 11.3 3.50 11.5
14 2.62 8.60 2.67 8.76 2.73 8.96 2.77 9.09
13 2.08 6.82 212 6.96 2.16 7.09 2.20 7.22
12 1.65 5.41 1.68 5.51 1.17 5.61 1.74 5.71

12 Stranding

12.1 A stranded wire or cable shall have a minimum of seven strands. The length of lay of the strands
shall be a maximum of 20 times the diameter of the conductor for 19 — 12 AWG conductors and shall be a
maximum of 25 times the diameter of the conductor for 22 — 20 AWG conductors. The direction of the lay
shall be left-hand.

12.2 The individual wires used in making up a stranded conductor are usually drawn to a specified mil
diameter which may or may not be the diameter of any AWG or other standard gauge number. The
individual wires of a concentric-lay-stranded conductor are not necessarily all of the same diameter.


https://ulnorm.com/api/?name=UL 2250 2022.pdf

MARCH 30, 2022

UL 2250

13 Insulation

13.1 Material and application

13.1.1  Each conductor shall be insulated for its entire length with one or more of the insulation materials
indicated in Table 13.1, Table 13.2, or referenced in note a to Table 13.1. The insulation shall be solid. In

any case, a solid dielectric skin (a thin, solid, extruded layer that may or may not be separable) of the
same or other material from Table 13.1 may be applied over the solid insulation. The insulation shall be
applied directly to the conductor, shall have a circular cross section, and shall fit tightly to the conductor but
shall not adhere excessively. The insulation shall be uniform and shall not have any defects (bubbles,
open spots, rips, tears, cuts, or foreign material) that are visible with normal or corrected vision without

magnification

13.1.2 Either of the following materials that the manufacturer wishes to use as insulation/or|a jacket shall
for the requested temperature rating as described in Long-Term Aging, Section 481 of UL

be evaluated
1581:

a) Mdterial generically different from any insulation or jacket material that is named in|Table 13.1 or

Table|16.1 (new material).

b) Material that is named in Table 13.1, Table 13.2, or Table'16.1 yet does not comply with the
short{term tests specified for the material.

The tempera

ure rating of materials (a) and (b) shall be the temperature rating for the cable determined as

specified in 16.1.2. The thicknesses of insulation and/or jacket using materials (a) and/or (b) shall be as
required for fhe cable. Investigation of the electrical, mechanical, and physical characteristics of the cable
using material (a) and/or (b) shall show the material(s) t6 be comparable in performance to an insulation or
jacket materfal named in Table 13.1 or Table 16.@;for the required temperature rating. The investigation
shall include|tests such as crushing, impact, abrasion, deformation, heat shock, insulation rgsistance, and

dielectric volfage-withstand.

Table 13.1
Index to insulations

Temperature rating of Applicable table of physical
Material(s)? Insulation properties in UL 1581 (see 13.2)
CP 90°C (194°F) 50.1
75°C (167°F) 50.1
E'(I?IIEE 150°C (302°F) 50.63
FEP 200°C (392°F)° 50.70
EDDFFIEPPEE 75°C (167°F) 50.133
HDPE 75°C (167°F) 50.136
LDPE 75°C (167°F) 50.136
PFA 200°C (392°F)° 50.137
MFA 250°C (482°F)° 50.137
Polypropylene: 75°C (167°F) 50.139
PP, FRPP 60°C (140°F) 50.139
PTFE 250°C (482°F)° 50.219

Table 13.1 Continued on Next Page
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Table 13.1 Continued
Temperature rating of Applicable table of physical
Material(s)? Insulation properties in UL 1581 (see 13.2)
TFE
PVC 105°C (221°F) 50.182
90°C (194°F) 50.182
75°C (167°F) 50.182
60°C (140°F) 50.182
SRPVC (semirigid PVC) 105°C (221°F) 50.183
90°C (194°F) 50183
75°C (167°F) 50.183
60°C (140°F) 50,183
PVDF and PVOF copolymer 150°C (302°F) 50.185
125°C (257°F) 50.185
Silicone rubber 200°C (392°F) 50.210
150°C (302°F) 50.210
TPE 105°C (221°F) 50.223
90°C (194°F) 50.224
XL:
XLPE 105°C (221<F) 50.245
XLPVC 90°C (194°F) 50.237
XLEVA 75°C(167°F) 50.241
blends of these
XLPO 105°C (221°F) 50.233

@See 13.1.2fo

b 150°C (302°F

the long-term evaluation of an insulation.material not named in the first column or not complying with the short-
term tests referenced in the last column.
is the limit for the cable temperature rating (see 8.3) where conductor strands are used that are smaller in
diameter than (J.015 in or 0.38 mm and are unceated or are coated with tin or a tin/lead alloy. The indicated rating higher than
150°C (302°F) applies where, regardlessfef diameter, the strands are coated with silver [200°C (392°F)] or nickel [2$0°C (482°F)].

Physical properties 200°C (392°F) and 150°C (302°F) silicone insulation? suitable for ug

Table 13.2

braid or covering

e without a

Temperature rlating of

Condition of specimens at

Minimum ultimate elongation

insulation

time of measurement

fd o M M
\ =T O 29=1Tr veTielr mar kS'

—Minmimunrtensile strength

oven for 60 d at 158.0 £1.0°C
(316.4 £1.8°F)

(1.5in or 37.5 mm)
or

25 percent of the result with
unaged specimens

150°C (302°F) 1200 Ibf/in? or
or Unaged 250 percent 8.27 MPa (MN/m?) or
200°C (392°F) (2.5in or 62.5 mm) 827 N/cm? or
0.844 kgf/mm?
150°C (302°F) Aged in a full-draft circulating-air 150 percent 850 Ibf/in? or

5.86 MPa (MN/m?) or
586 N/cm? or
0.598 kgf/mm?

Table 13.2 Continued on Next Page
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Table 13.2 Continued

Temperature rating of

Condition of specimens at

Minimum ultimate elongation

insulation time of measurement (1-in or 25-mm bench marks) Minimum tensile strength
or
60 percent of the result with
unaged specimens
200°C (392°F) Aged in a full-draft circulating-air 100 percent 600 Ibf/in? or

oven for60d at 210 £1.0°C
(410.0 £1.8°F)

(1inor 25 mm)

or

4.14 MPa (MN/m?) or
414 N/cm? or

25 percent of the result with

0422 K§f/mm?

unaged specimens
o

60 percent of t
unaged sg

he result with
ecimens

a Silicone rubb)

br designates a thermoset compound whose characteristic constituent is poly=organo-siloxane.

13.2 Propdrties

13.2.1 The
either the ing

a) Al

b) Ag
note
testeq

13.2.2 PHY
the flexibility
with the appl
the finished (¢
as indicated

13.2.3 The

following jackets and insulations in place on the ‘conductor shall not show g
de or outside surface after specimens are testediin accordance with 20.2.1:

solid insulations with a skin that cannot be rémoved without damage to the insul

ed specimens of PVDF and PVDF:.¢opolymer jackets and solid insulations. A
h to Table 50.185 of UL 1581, unaged specimens of these jackets and insulati
for tensile strength and elongation.

SICAL PROPERTIES TESTS — Specimens prepared from samples of insulati
test is not indicated shall have values of tensile strength and ultimate elongatio)
cable table of physical properties referenced in Table 13.1. The samples are to
able. The specimens are to be prepared from the samples and the testing is to
n13.2.3.

making the
indicated un
Electrical W

measurements and calculations for ultimate elongation and tensile strength
erthé heading "Physical Properties of Insulation and Jacket" in the Referencs

ny cracks on

Ation.

5 indicated in
pns are to be

pns for which
n that comply
be taken from
be conducted

methods)of preparation of samples, of selection and conditioning of specifnens, and of

shall be as
Standard for

insulations with band-marking inks may have the ink removed before specimens are aged.

13.3 Thicknesses

13.3.1

E and ETFE

The average thickness and the minimum thickness at any point of insulation (including any skin)

in a coaxial member, and on every other conductor, before and after separation and in nonintegral flat
cable, shall not be less than indicated in Table 13.3. The thicknesses of insulations (including any skin) are
to be determined by means of measurements made as described in Thicknesses of Insulation on Flexible
Cord and on Fixture Wire, Section 250 of UL 1581, with the following modifications for stranded
conductors that leave one or more strand impressions in the insulation that are too small to accommodate
the smaller pin referred to in 250.11 of UL 1581, which is to be 0.0200 in (20.0 mils) or 0.508 mm in

diameter:
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a) The 0.003-in (3-mil) or 0.08-mm thickness-reduction allowance mentioned in 250.5 of UL 1581 is
to be applied only to insulation that is from a stranded conductor as mentioned above and has an
average thickness (including any skin) of at least 0.015 in or 0.38 mm.

b) Only an optical method as applicable from 13.3.2 and 13.3.3 is to be used for thickness
measurements of insulation that is from a stranded conductor as mentioned above and has an
average thickness (including any skin) less than 0.015 in or 0.38 mm.

Table 13.3
Minimum thickness of insulation
ECTEE ETEE LD H 1
PVC, CP, TPE, XL, XLPO, BCTRE, ETFEFER-MPA— PVC with-nylonjaset
PE?, PP, FRPP, and silicone PFA, PTFE, TFE, PVDF, PVC Nyl
Y rubi)er PVDF copolymer, and ylon
SRPVC
Minimum Minimum Minimum Minimum Minimum Minimum Minimum
AWG size of average thickness at average thickness at average thickness at | thickness at
conductors thickness any point thickness any point thickness any point any point
mils
22-20 12 11 9 8 9 8
19-15 15 13 9 8 9 8
14 -12 20 18 12 11 12 11
mm
22-20 0.30 0.28 0.23 0,20 0.23 0.20 0.05
19-15 0.38 0.33 0.23 0.20 0.23 0.20 0.05
14 -12 0.51 0.46 0.30 0.28 0.30 0.28 0.05
@ Includes HDPE, LDPE, HDFRPE, and LDFRPE.

13.3.2 Thickness measurements of a nylon) or similar covering or of insulation having
thickness or minimum thickness at any point of not more than 0.0060 in or 0.152 mm (includ
are to be made by means of a micrometer-microscope or other optical instrument that is calib
directly to at least 0.0001 in (0.1 mil) ~0.001 mm. Each of these measurements is to be re
nearest 0.0001 in or 0.001 mm. Otherwise, under 13.3.1(b), a simply manipulated optical d
accurate to 01001 in (1 mil) or@0:01 mm may be used for insulation, with each measuremen
the nearest 0J001 in or 0.01 mm.

an average
ing any skin)
rated to read
corded to the
evice that is
t recorded to

13.3.3 For 13.3.1(b),the conductor and any covering over the insulation or skin are to be removed from
the finished i{sulated eonductor, wire, or member. A thin slice of the insulation plus any skinlis then to be

cut perpendiqular.torthe longitudinal axis of the resulting hollow tube. Measurements are to bg taken of the
maximum and ‘minimum wall thicknesses of the slice. The recorded maximum and minimum thicknesses
are to be added together and divided by 2 without any rounding off of the sum but with the resulting
average rounded off (see 13.3.4 — 13.3.7) to the same degree as stated in 13.3.2 for the recorded
measurements. The average thickness so determined and the recorded minimum thickness are to be
taken as the average and minimum-at-any-point thicknesses that are to be compared with the applicable
Table 13.3.

13.3.4 ROUNDING OFF to the NEAREST 0.0001 in — A figure in the fourth decimal place is to remain
unchanged if the figure in the fifth decimal place is:

a) 0 — 4 and the figure in the fourth decimal place is odd or even, or

b) 5 and the figure in the fourth decimal place is even (0, 2, 4, and so forth).

A figure in the fourth decimal place is to be increased by 1 if the figure in the fifth decimal place is:
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c)6—

d)5a

9 and the figure in the fourth decimal place is odd or even, or

nd the figure in the fourth decimal place is odd (1, 3, 5, and so forth).

13.3.5 ROUNDING OFF to the NEAREST 0.001 in — A figure in the third decimal place is to remain

unchanged if
a)0—

b)5a

the figure in the fourth decimal place is:
4 and the figure in the third decimal place is odd or even, or

nd the figure in the third decimal place is even (0, 2, 4, and so forth).

A figure in the third decimal place is to be increased by 1 if the figure in the fourth decimal place is:

c)6

d)5a

13.3.6 ROl
unchanged if

a) 0+
b) 5 a
A figure in th

c)6

d)5a

13.3.7 ROU
unchanged if

a) 0
b) 5 a
A figure in th
c)6

d)5a

9 and the figure in the third decimal place is odd or even, or

nd the figure in the third decimal place is odd (1, 3, 5, and so forth).

the figure in the fourth decimal place is:
4 and the figure in the third decimal place is odd or even, or

nd the figure in the third decimal place is even (0, 2, 4,"and so forth).

b third decimal place is to be increased by 1 if the figure in the fourth decimal pla
9 and the figure in the third decimal place issodd or even, or

nd the figure in the third decimal placeis odd (1, 3, 5, and so forth).

NDING OFF to the NEAREST*0:01 mm — A figure in the second decimal plac
the figure in the third decimalplace is:

4 and the figure in the seeond decimal place is odd or even, or

nd the figure in the~seécond decimal place is even (0, 2, 4, and so forth).

e second decitmal place is to be increased by 1 if the figure in the third decimal p
9 and.thelfigure in the second decimal place is odd or even, or

nd'the figure in the second decimal place is odd (1, 3, 5, and so forth).

NDING OFF to the NEAREST 0.001 mm — A figure in the thirdhdecimal placg is to remain

Ce is:

P is to remain

ace is:

13.4

13.4.1

Individual covering

Silicone insulation that complies with the requirements in Table 13.1 shall have a braid covering or

a covering of nylon. A covering is not required over a silicone insulation that conforms to the requirements

in Table 13.2

13.4.2 The thicknesses at any point of a required or optional nylon or similar covering shall not be less
than 0.002 in or 0.05 mm when measured as described in Thicknesses of Jacket on Flexible Cord, Fixture
Wire, and Elevator Cable, Section 280, of the Reference Standard for Electrical Wires, Cables, and
Flexible Cords, UL 1581.
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14 Optical-Fiber Member(s)
14.1 Each optical-fiber member shall consist of one of the following and shall be separated from the rest
of the cable by material that is electrically nonconductive (an insulation grade is not required):
a) One or more glass fibers that are individually coated and tight buffered and then are covered by
a nonmetallic tape, wrap, or braid (complete coverage is required) or by a jacket. Except that the
covering shall be electrically nonconductive, the materials, thickness, and other features of these
elements are not specified.
b) One or more glass fibers that are individually coated, are or are not tight buffered, are enclosed
with or without a gel in a loose buffer tube, and then are or are not covered by a nonmetallic tape,
wrap, [OF_braid, (COmpIete coverage 15 required) or by a Jacket. Any covering applied shall be
electrically nonconductive. A covering is not required over a loose buffer tube that/|s electrically
nonconductive. Except that the tube or covering shall be electrically nonconductive, the materials,
thickngss, and other features of these elements are not specified.
14.2 No elegtrical element of the cable shall be located in an optical-fiber member or group of optical-
fiber members. Strength members, moisture barriers, heat shields, and other nonelectricgl parts of an
optical-fiber member are not specified; however, where such part ds™of metal or othgr electrically
conductive mpterial, its presence shall be indicated by a marking as detailed in 43.1(e).
14.3 The enfergy that an optical-fiber cable carries in some lasér'systems presents a potential risk of eye,
or other injury to people. Consequently, where optical-fiber:cables are installed in a laser system, the

recommenda
optical-fiber g
component of

15 Assembly

15.1

15.1.1 Optiq

Opticgl-fiber member(s)

ions of the ANSI Z136 laser system safety standards should be applied. To
able installers, users, service personnel,;and anyone who handles the optic
the system after installation, 43.1 specifies a tag, reel, or carton marking.

al-fiber member(s) alone shall not constitute a cable. One or more optical-fil

may be inclu
Optical-fiber

ed in a cable. Optical-fiber members may be grouped with or without electrica
embers in a cable’shall be cabled alone or as a group with the same direction

same length ¢f lay as the electrical conductors. In the performance of the cable, each optical-
is to be consiglered as a-filler. A group of optical-fiber members without any electrical conductq
include one of more mon-current-carrying metal parts (earth-grounded or interrupted when the
is installed) sfich as-a metal strength element or a metal vapor barrier. The construction of {
not specified} Each such part shall be physically and electrically isolated from any ba

etable

help protect
bl-fiber cable

er members
conductors.
and with the
iber member
r(s) in it may
hybrid cable
hese parts is
e grounding

conductor in i

15.2 Circuit and grounding conductors

15.2.1
rating. Insulated conductors with different temperature ratings may be mixed in a given cable
rated for the lowest temperature rating of any of the constituent insulated conductors.

15.2.2 Two or more insulated conductors shall be assembled in a cable. Sizes may be mi
may contain precabled groups of conductors as described in 15.2.4.

15.2.3
cable — see 15.2.4) or laid parallel (flat cable).

All of the circuit conductors and insulated grounding conductors shall have the same voltage

if the cable is

xed. A cable

In a cable, the conductors, and any grounding conductor, bare or insulated, may be cabled (round
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15.2.4 The conductors in a round cable shall be cabled with a length of lay that is uniform throughout the
length of the cable and is not greater than indicated in Table 15.1. Grouping of the circuit conductors into
pairs, triads, quads, and other precabled subassemblies is not required but is acceptable if the length of
lay of the conductors in each group and of the groups in the overall assembly comply with this paragraph
and with Table 15.1. The direction of lay may be changed at intervals throughout the length of the cable.
The intervals need not be uniform. In a cable in which the lay is reversed:

a) Each area in which the lay is right- or left-hand for several (typically 10) complete twists (full 360°
cycles) shall have the insulated conductors or precabled groups of insulated conductors cabled
with a length of lay that is not greater than indicated in Table 15.1, and

b) The length of each lay-transition zone (oscillated section) between these areas of right- and left-
hand o 4 4

1T TJ. 1

laall 4 a4 _Q ¢ 4lo + l +lo £1 HA H F P Talo
ay Q1A TIUUTAUVTCTU 1.0 UTTTTO UITC TTIAAITTIUTTI ICIIULII Ul Iay miarocatcu it 1dadJ

If the directid e direction of

lay of succeg

n of lay is not reversed in a cable containing layers of conductors or greups;, th
sive layers is not specified.

Table 15.1
Length of lay of insulated conductors and precabled‘groups®

Number of insulated conductors in cable Maximum‘acceptable length of lay

2 3@timés conductor diameter®
3 35 times conductor diameter®
4 40 times conductor diameter®
5 or more 15 times the calgulated diameter of the overall assembly but, infa multiple-layer

cable, the length-of lay of the conductors in each of the inner layers of the
cable is notspecified (governed by the construction of the cablijfg machine)

& The length off
length of lay of]

b "Conductor d

lay of each conductor in a group shall comply with the tabulated value as if the group were a cable.
each group in a cable shall comply with the tabulated value as if each group was a conductor.

ameter" is the calculated diameter of the largest individual finished insulated conductor in the cable.

likewise, the

15.25 Asi
cable (cond
conductor sh
required to b

15.2.6 For
in voice com
marked as

hgle insulated conductor,"added for use in voice communications during installation of the

ictor then abandoned), may be surface marked as a communications cg
all comply with the requirements in UL 2250 for insulated copper circuit condud
e included in the-cable surface marking.

cables manufactured with a dual PLTC/ITC rating, a single insulated conductor,
munigations during installation of the cable (conductor then abandoned), ma3
b communications conductor. The conductor shall comply with the require

Standard for

nductor. The
tor and is not

hdded for use
y be surface
ments in the

Power-Limited Circuit Cables, UL 13 Table 7 3 for insulated copper circuit co

hductors, and

is not required to be included in the cable surface marking.
15.3 Fillers

15.3.1 Fillers may be provided in a cable to make the finished cable firm at all points. Fillers may be
provided in a cable to make the finished cable round. In a round cable, fillers shall be cabled with the
conductors or, if applicable to the construction, may be in the center of the cable. Fillers may be integral
with or separate from any binder jacket or the overall cable jacket. If fillers are integral with a jacket, they
and the jacket shall be readily separable from the underlying cable assembly. Fillers shall be of
nonconductive nonmetallic material.
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15.4 Binders
15.4.1 The entire cable assembly, or any group of conductors (with or without one or more optical-fiber

members included in the group), or several such groups within the cable may be enclosed in a binder
consisting of a shield (see 15.5.1 — 15.5.3) or of a braid, tape, or other unspecified means. An individual
group or several groups may be enclosed in a thin binder jacket that is of the same material and

temperature rating as the overall cable jacket.

15.5 Shield

15.5.1

A shield is not required but is acceptable over an individual insulated conductor, over one or

several grou
entire cable &

15.5.2 Ash

a)Ap
contag
alumin
under

b) Aw
c)Am

d) An

15.5.3 The
are to be jug
standard. Thq

16 Overall

16.1 Materi

16.1.1 A jag
round assem
shall be com
(bubbles, ope
without magn

hl and application

s of conductorswith or without one or more-ontical-fiber members-inesach arou
~ J

ssembly. Several shields may be used in a given cable.

eld shall consist of one of the following:

pblyester and metal laminated shield tape with or without a bare copper drain wir
t with the metal part of the tape. The drain wire shall be metal-coated if the

um; otherwise, the drain wire may be metal-coated or uncoated. The drain

or over the tape.

rap or braid of metal-coated or uncoated copper wires.
etal-coated or uncoated copper tape.

bvaluated equivalent of any of the above.

Jetails of the construction of a shield-and the manner of its application are not
ged on the basis of the performance of the finished cable in the tests des
re are no requirements for the electromagnetic performance of a shield.

Jacket

ket of one of.the’materials indicated in Table 16.1 shall be extruded directly o
bly of conductors and any optical-fiber members, fillers, binders, and the like. T
pletely (covered and well centered in the jacket. The jacket shall not have

ification. The absence of the defects mentioned in the previous sentence is ev

integrity of ar

overall jnnknf_ that ie, the overall jnrknf constitutes the gne/\/npnrﬁghf contid

D, or over the

e in electrical
ape metal is
wire may be

specified but
cribed in this

er the flat or
he assembly
any defects

n spets; rips, tears, cuts, or foreign material) that are visible with normal or corrected vision

dence of the
uous sheath

mentioned in 1.7. The overall jacket shall be sunlight-resistant as determined by test (see 29.1). A
sunlight-resistance marking is not required; where used, this marking shall comply with 42.1(i).
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Table 16.1
Overall jacket
Applicable table of
Temperature rating of physical properties in UL
Material(s)? jacket 1581
CP 90°C (194°F) 50.1
75°C (167°F) 50.1
Thermoplastic CPE 90°C (194°F) 50.28
Thermoset CPE 90°C (194°F) 50.29
75°C (167°F) 50.30
E_(?"__I’EE 150°C (302°F) 50.63
FEP 200°C (392°F) 50.70
NBR/PVC 90°C (194°F) 50.83
75°C (167°F) 50.80
Neoprene 90°C (194°F) 50.124
75°C (167°F) 50.123
PFA 200°C (392°F) 50.137
MFA 250°C(482°F) 50.137
'Fr)IIEE 250°C (482°F) 50.219
PVC 105°C (221°F) 50.182
90°C (194°F) 5(.182
75°C (167°F) 5(.182
60°C (140°F) 50.182
PVDF and 150°C (302°F) 50.185
PVDF copolynjer 125°C (257°F) 50.185
Silicone rubbe 200°C (392°F) 50.210
150°C (302°F) 50.210
TPE 105°C (221°F) 50.223
90°C (194°F) 50.224
XL:
XLPE 105°C (221°F) 5(.245
XLPNMC 90°C (194°F) 5(.237
XLENA 75°C (167°F) 50.241
blends of these
XLPO 105°C (221°F) 50.233
@ See 13.1.2 for the long-term evaluation of a jacket material not named in the first column or not complying with the short-term
tests referenced in the last column.

16.1.2 Cables on which a jacket thicker than indicated in Table 16.2 and Table 16.3 is necessary to
enable the cable to comply with any applicable flame or other test described or referenced in these
requirements shall be made with whatever greater thicknesses of jacket may be needed for this purpose.
In this case, the minimum thickness at any point of the heavier jacket shall not be less than 80 percent of
the average thickness of the heavier jacket.

a) For a cable in which the insulation is rated for 60 — 105°C (140 — 221°F), the jacket material shall
have a temperature rating that is not more than 15°C (27°F) lower than the temperature rating of
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the insulation in the cable. The temperature rating of the cable is the same as the temperature
rating of the insulation.

b) For a cable in which the insulation is rated for 125 — 250°C (257 — 482°F), the relationship
between the temperature ratings of the insulation and the cable jacket is not specified but the
temperature rating of the cable is that of whichever insulation or jacket in the cable has the lowest
temperature rating.

16.2 Properties
16.2.1 Specimens prepared from samples of the overall jacket taken from the finished cable shall exhibit

properties that comply with the applicable table referenced in Table 16.1 when tested as indicated in
16.2.2.

16.2.2 The |methods of preparation of samples, of selection and conditioning of specimens, and of
making the measurements and calculations for permanent set, ultimate elongation, and tensile strength
shall be as |ndicated under the heading "Physical Properties Tests of Insulation and Jacket" in the
Reference Standard for Electrical Wires, Cables, and Flexible Cords (UL 1581),\eéxcept that cables with an
overall diameter not greater than 0.200 in or 5.1 mm may have their jackets\tested as tubulgr specimens
rather than ag a die-cut specimens.

16.3 Thicknesses

16.3.1 The pverage thickness and the minimum thickness-at'any point of the overall jackef shall not be
less than indigated in Table 16.2 — Table 16.3 when measured as described in 13.3.2 and 13.3.3.

Table 16.2
Thicknesses®° of-non-fluoropolymer jacket
Calculated diIneter of round assembly under jacket
or calculated pquivalent diameter® of flat assémbly Minimum thickhess at any
under jacket Minimum average thickness poinf
in mm in mm in mm
0-0.400 0-5.08 0.035 0.89 0.028 0.71
Over 0.200 byit not over Over'5.08 but not over 0.040 1.02 0.032 0.81
0.30p 7.62
Over 0.300 bdit not over. Over 7.62 but not over 0.050 1.27 0.040 1.02
0.50p 12.70
Over 0.500 bdit not over Over 12.70 but not over 0.060 1.52 0.048 1.22
0.75p 19.05
Over 0.750 but not over Over 19.05 but not over 0.070 1.78 0.056 1.42
1.100 27.94
Over 1.100 but not over Over 27.94 but not over 0.080 2.03 0.064 1.63
1.450 36.83
Over 1.450 but not over Over 36.83 but not over 0.090 2.29 0.072 1.83
1.800 45.72

& A thicker jacket is required to enable some cables to comply with one or more tests. See 16.1.2.

Table 16.2 Continued on Next Page
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Table 16.2 Continued

Calculated diameter of round assembly under jacket
or calculated equivalent diameter® of flat assembly
under jacket

Minimum average thickness

Minimum thickness at any
point

in mm

in | mm

® The equivalent diameter of a flat assembly is to be calc

in which:

T is the length of the minor axis and

ulated as

1.1284 x (TW)'"2,

i o-lonath-aofthaomaior axic
W is theHength-oftho-mafer-axis-

¢ A jacket of thickness other than indicated in this table is acceptable if, upon evaluation, it has been found to gemply with the
requirements df this standard. Evaluation of thinner jackets may include but not be limited to crush, impact, and.abrasion tests.

Table 16.3

Thickness®® of fluoropolymer jacket

Calculated diameter of round assembly under jacket
or calculated equivalent diameter® of flat assembly

Minimum thickness at any

under jacket Minimum average‘thickness point

in mm mils mm mils mm

0-0J700 0-17.78 20 0.51 16 0.41

Over 0.700 Hut not over Over 17.78 but not over 30 0.76 24 0.61
1.000 25.40

Over 1.000 Hut not over Over 25.40 but not over 45 1.14 36 0.91
1.500 38.10

Over 1.500 Hut not over Over 38.10 but not over 60 1.52 48 1.22
2.500 63.50

in which:
T is the length of the miner.axis and

W is the length ofithe.major axis.

@ A thicker jacKet may be required to enable the cableto comply with one or more tests. See 16.1.2.
® The equivaleft diameter of a flat assembly is-to.be calculated as

1.1284 x (TW)'"2,

° A jacket of thickness other than indicated in this table is acceptable if, upon evaluation, it has been found to comply with the
requirements qgf this standard. Evaluation of thinner jackets may include but not be limited to crush, impact, and abrlasion tests.

17 Metal Covering

17.1 General

17.1.1 Interlocked metal armor, or a continuous metal sheath is acceptable over the jacket on any cable.
See tests in Crushing Test for Cable Marked for Direct Burial, Section 30, Tension Test of Interlocked Steel
or Aluminum Armor, Section 37, and Flexibility Test for Cable Having Interlocked Armor or a Smooth or
Corrugated Metal Sheath, Section 38. Any metal covering that is provided shall be as follows:

a) A smooth metal sheath shall comply with 17.1.2 and 17.2.1 — 17.2.3.

b) A welded and corrugated metal sheath shall comply with 17.1.2, 17.1.3, 17.3.1, and 17.3.2.



https://ulnorm.com/api/?name=UL 2250 2022.pdf

20

UL 2250

MARCH 30, 2022

c) An extruded and corrugated metal sheath shall comply with 17.1.2, 17.1.3, 17.4.1, and 17.4.2.

d) Interlocked metal armor shall comply with 17.1.2 and 17.5.1 — 17.5.9.

€) Wire armor or a metal braid applied over a jacket that complies with Cable Jacket, Section 16.

17.1.2 The sheath, or the strip forming the interlocked armor, shall be continuous throughout the length
of the cable. A sheath shall not have flaws that affect its integrity — that is, a sheath shall not have any weld
openings, cracks, splits, foreign inclusions, or the like. The strip from which interlocked armor is formed

may be spliced (see 17.5.4) but there shall not be any cut or broken ends.

17.1.3 The number of convolutions per unit length of a welded or extruded corrugated metal sheath is

not specified put is to be judged on the basis of the performance of the finished cable in the.tgsts specified

in this Standdrd.

17.2 Smooth metal sheath

17.21

percent or legs. The sheath shall be tightly formed around the underlying cable.

less than indigated in Table 17.1. The thicknesses of the smooth_sheath are to be determined

A smooth metal sheath shall be of an aluminum-base alloy havingla copper coptent of 0.40

by means of

17.2.2 The g@verage thickness and the minimum thickness at any point of the smooth sheatI shall not be

a machinist's|micrometer caliper that has a hemispherical surface on the anvil, has a flat s

rface on the

end of the spjndle, and is calibrated to read directly to at least0.001 in or 0.01 mm. The spindle shall be

round.

Thicknesses? of smooth aluminum sheath

Table 17.1

Calculated dipmeter under aluminum See Mils mm
51 Minimum Minimum Minimum Minimum
acceptable acceptable acceptable jacceptable
average thickness at any average thickness at any
in mm thickness point thickness point
0-0.40 0-+10:16 35 32 0.89 0.81
Over 0.400 b{it not Over 10.16 but not 45 41 1.14 1.04
over 0.740 over 18.80
Over 0.740 byitnot Over 18.80 but not 55 50 1.40 1.27
over 1.0 over26-6F
Over 1.050 but not Over 26.67 but not 65 59 1.65 1.50
over 1.300 over 33.02
Over 1.300 but not Over 33.02 but not 75 68 1.90 1.96
over 1.550 over 39.37
Over 1.550 but not Over 39.27 but not 85 77 2.16 1.96
over 1.800 over 45.72
Over 1.800 Over 45.72 95 86 2.41 2.18
& Thicknesses that are less than indicated in this table may be accepted based on performance of the sheath under the
requirements in the Standard for Metal-Clad Cables, UL 1569.
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17.2.3 A smooth or corrugated metal sheath that does not comply with the requirements in this standard
may be stripped from the entire length of the cable and the cable may be resheathed.

17.3 Welded and corrugated metal sheath

17.3.1 A welded and corrugated metal sheath shall be of an aluminum-base alloy having a copper
content of 0.40 percent or less, a stainless steel alloy having a chromium content of not less than 16
percent, a copper alloy or a bronze alloy. The sheath shall be tightly formed around the underlying cable
and shall be welded and corrugated. See 17.2.3.

17.3.2 The minimum thickness at any point of the unformed metal tape from which the welded and

Corrugated sheath-is-made-shallnotbeless-than-0.022 inor 0. 56 mm-The-thickhess-of the-t

rmined by means of a machinist's micrometer caliper having an anvil and(sp|
e not larger than 0.200 in or 5.1 mm in diameter, with flat surfaces on each;

is to be detsg
round and arj

17.3.3 Inth
binder, sepa
contain chlor

17.4 Extru
17.4 1
content of 0

17.2.3.

17.4.2 The
corrugated s

second sentgnce of 17.4.1.

17.5

17.5.1 Arm
and 17.5.2 —

17.5.2 The

An g¢xtruded and corrugated metal sheath shall be of{an“aluminum-base alloy ha

Interlocked armor

e case of stainless steel sheathed cables, any outer jacket compound-and any
rator or insulation material coming in direct contact with the stainless steel ar
ne.

Hed and corrugated metal sheath

40 percent or less. The sheath shall be tightlysformed around the underlyin

minimum thickness at any point of the unformed metal tape from which the

heath is made shall not be less than 0;022 in or 0.56 mm when determined as in

br shall consist of interlocked zinc-coated steel or aluminum strip and shall comg
17.5.9.

strip shall be made of steel or of an aluminum-base alloy with a copper cg

percent or |

including edges andsplices. The coating on each surface shall be evenly distributed, shall ag
all points, and shall-be smooth and free from blisters and all other defects that can diminish
value of the ¢oating.

ss. Steel sttip shall be protected against corrosion by a coating of zinc on

nformed tape
ndle that are

cable jacket,
mor shall not

ing a copper
g cable. See

extruded and
dicated in the

ly with 17.1.2

ntent of 0.40
all surfaces,
here firmly at
the protective

17.5.3 The steel or aluminum strip shall be uniform in width, thickness, and cross section and shall not
have any burrs, sharp edges, pits, scars, cracks, or other flaws that can damage the underlying cable or
any jacket over the armor. Splices shall not materially increase the width or thickness of the strip nor shall
they lessen the mechanical strength of the strip or adversely affect the formed armor.

17.5.4 Zinc-coated steel strip shall have a tensile strength of not less than 40,000 Ibf/in? or 276 MN/m? or
27,600 N/cm? or 28.1 kgf/mm? and not more than 70,000 Ibf/in? or 483 MN/m? or 48,300 N/cm? or 49.2
kgf/mm?. The tensile strength shall be determined on longitudinal specimens, consisting of the full width of
the strip when practical, and otherwise on a straight specimen slit from the center of the strip. The test
shall be made prior to application of the strip to the cable.

17.5.5 Zinc-coated steel strip shall have an elongation of not less than 10 percent in 10 in or not less
than 10 percent in 254 mm. The elongation shall be determined as the permanent increase in length of a
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marked section of the strip (originally 10 in or 254 mm in length) measured after the specimen has
fractured. The test shall be made prior to application of the strip to the cable.

17.5.6 Finished zinc-coated steel strip, prior to being applied to the cable, shall have a zinc coating that
remains adherent without flaking or spalling when the strip is subjected to a 180° bend over a mandrel that
is 1/8 in or 3.2 mm in diameter. The zinc coating is to be considered as complying with this requirement if,
when the strip is bent around the specified mandrel, the coating does not flake or fly off and none of it can
be removed from the strip by rubbing with the fingers.

17.5.7 Loosening or detachment during the adherence test and superficial (small) particles of zinc
formed by mechanical polishing of the surface of the zinc-coated steel strip do not constitute reason for
rejection.

17.5.8 Unfofmed and formed zinc-coated steel strip shall comply with the copper sulphate t¢st described
in Copper Sulphate Test of Zinc Coating on Steel Strip for and from Interlocked Steel Armor, Section 36 for
the zinc coatipg.

17.5.9 The width of unformed aluminum strip or of unformed zinc-coated steel strip shall npt be greater
than indicated in Table 17.2. The minimum thickness at any point of the farmed metal strip removed from
the finished cpble shall not be less than indicated in Table 17.2 when measured by means of g machinist's
micrometer caliper having an anvil and spindle that are round and are’not larger than 0.020 infor 5.1 mm in
diameter, with flat surfaces on each.

Table 17.2
Dimensions of metal strip.for'interlocked armor

Minimum acceptable thickness at any point ¢f the formed
- - b
Calculated dikmeter under Maximum acceptable v:idth strip removed from the finished cable
arnjor of unformed strip? Steel Alumjnum
in mm mils mm mils mm mils mm
0-0.500 0-12.7 500 12.7 17 0.43 22 0.55
Over 0.500 Over 12.7 but 750 19.0 17 0.43 22 0.56
but not over || not over 25.4
1.000
Over 1.000 Over 25(4 hut 875 222 17 0.43 22 0.56
but not over not over,38.1
1.500
Over 1.500 Over 38.1 but 875 222 22 0.56 27 0.69
but not over not over 50.8
2.000
Over 2.000 Over 50.8 1000 25.4 22 0.56 27 0.69
& The acceptable tolerance for the width of steel strip are plus 10 mils and minus 5 mils or plus 0.2 mm and minus 0.1 mm. The
acceptable tolerances for the width of aluminum strip are plus and minus 10 mils or plus and minus 0.2 mm.
b When the performance of the armor complies with the Standard for Metal-Clad Cables, UL 1569, dimensions of the armor may
differ from those shown in this table.

18 Jacket over Metal Covering

18.1 A jacket is required over a metal covering that is on any cable intended for direct burial. A jacket is
not required over a metal covering on other cable. Any jacket over a metal covering shall comply with
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Overall Jacket, Section 16. The thicknesses shall be in accordance with Table 16.3 and Table 18.1. The
same calculated core diameter that is used in determining the thickness of the required cable jacket, in
Table 16.2 and Table 16.3, is to be used in determining the thickness required for an over-metal jacket -
that is, an over-metal jacket need not be thicker than a cable jacket that is not over a metal covering.

Table 18.1
Thicknesses of non-fluoropolymer jacket materials over armor

Calculated diameter of round
assembly or equivalent diameter of
flat assembly under jacket Minimum average thickness Minimum thickness at any point
in T 1] TITTTT 1] mm
0-0.200 0-5.08 0.035 0.89 0.028 0.76
Over 0.200 buf not Over 5.08 but not 0.040 1.02 0.032 0.81
over 0.425 over 10.80
Over 0.425 but not | Over 10.80 but not 0.050 1.27 0.035 0.89
over 1.50( over 38.10
Over 1.500 but not | Over 38.10 but not 0.060 1.52 0.042 1.07
over 2.25( over 57.15
Over 2.250 buf not | Over 57.15 but not 0.075 1.90 0.052 1.32
over 3.00( over 76.20
Over 3.00Q Over 76.20 0.085 2.16 0.060 1.52
PERFORMANCE
19 Continyity Test of Conductors

19.1 The cable shall be tested for continuity of-each conductor. The continuity testing is to pbe conducted
in one of the following ways on 100 percent ef\production by the cable manufacturer at the caple factory:

a) The finished cable is to be.tested on each master reel before the final rewind operation or as
indivigual shipping lengths after the final rewind operation. A master reel is any ree| containing a
singlg length of finished cable'that is intended to be cut into shorter lengths for shipping.

Q

b) The assembled cable is to be tested before the overall covering is applied. In this case, one
shipp|ng length from each master reel of the finished cable is also to be tested. If any conductor in
the finished cable.in that length is found not to be continuous, 100 percent of the finighed cable on
the master reelfrom which the length was taken is to be tested.

19.2 To defermine whether or not the finished cable complies with the requirement in 5.2 ¢r in 32.10 for
cable marked -ER”, each conductor taken separately is 1o be connecfed in series with a light-emitting
diode (LED), lamp, buzzer, bell, or other indicator, and an appropriate low-voltage a-c or d-c power supply.

20 Heat Shock and Flexibility Tests
20.1 Heat shock

20.1.1 The insulation and any jacket of PVC, semirigid PVC, or TPE shall not develop any cracks either
on the inside or outside surface when the specimens described in 20.1.2 are tested as described in 20.1.3.

20.1.2 Specimens of each of the following are to be prepared from the finished cable:
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a) Insulation representative of each conductor, wire, and coaxial member in the cable. In the case
of a non-air-gap coaxial member, the member is to be tested as a whole after removal of the outer

condu

ctor and any overall jacket.

b) Integral insulation and jacket on flat cable.

¢) Each individual jacket, binder jacket, cable jacket, and jacket over a metal covering in the cable
(this includes the jackets on coaxial and optical-fiber members).

20.1.3 Each specimen is to be tightly wound for the number of turns indicated in Table 20.1 around a
circular metal mandrel of the diameter indicated in Table 20.1. Adjacent turns are to touch one another,
and each end of each spe0|men is to be held in place by a clamp or other secure means. The

specimen/madr 0 min at the
temperature i d|cated in Table 20 2. No specimen is to touch anything other than the mandrgl on which it
is wound. At the end of the hour of heating, each specimen/mandrel assembly is to be.remgved from the
oven and exgmined for cracks on the inside and outside surfaces immediately and~again after cooling to
room temperature in still air. Cracking on the inside surface is detectable as circumferential dgpressions in
the outer surface of a specimen of material other than a fluoropolymer. Circumferential depressions in a
fluoropolymer surface are indicators of cracking or are yield marks (locally stronger points), so the inside
fluoropolymer surface is to be examined visually. The examinations are’ to be made with normal or
corrected visipn without magnification.
Table 20.1
Heat-shock mandrel diameters and-humber of turns
apecimen or calculated fength of lumber of
. . . . conjplete turns of
. minor axis of ribbon or flat cable Diameter of mandrel sbecimen on
Specimen in mm in mm mandrel
Nonintegral Any Any, 0.062 1.6 6
insulation
Integral insulatipn Any Any 0.062 1.6 1
and Jacket
Central conducjor Any Any 2 times specimen diameter 6
and insulation ffom
any coaxial
member
Jacket other than 0-0.375 0-95 0.750 19.0 6
over a metal
covering
Over 0.375 but not Over 9.5 but not 1.625 41.3 6
over 0.625 over 15.9
Over 0.625 but not | Over 15.9 but not 3.000 76.2 1
over 1.000 over 25.4
Over 1.000 but not | Over 25.4 but not 3 times specimen diameter 1/2 (U bend)
over 2.000 over 50.8
Over 2.000 Over 50.8 4 times specimen diameter 1/2 (U bend)
Jacket over a Any Any 5 times cable diameter 1/2 (U bend)
metal covering
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Table 20.2
Air temperature for heat-shock test

Material Temperature rating of wire, °C (°F) Air oven temperature, £1.0°C (+1.8°F)
PE (polyethylene) 60 (140), 75 (167), and 80 (176) 100.0 (212.0)
TPE (thermoplastic elastomer 90 (194) and 105 (221) 150.0 (302.0)

PVC 60 (140), 75 (167), and 90 (194) 121.0 (249.8)

PVC 105 (221) 136.0 (276.8)
20.2 Flexihility test
20.2.1 The|specimens that are to be aged are to be placed in a full-draft eirculating-airf oven for the
length of time and at the temperature indicated for the jacket material, or|for the insulation material

adjacent to the conductor, in the applicable physical-properties table refereficed in Table 13.1
to be followed by 16 — 96 h of rest in still air at room temperature before the specimens are
mandrel. Thg aged specimens are to be wound at room temperature férsix complete turns (
touching) onfo a circular mandrel having a diameter twice that of<he diameter over the
binder jacket, coaxial member jacket, or optical-fiber member jacket, or over the insulation
skin). Each |specimen is to be unwound before being examined. Cracking on the insi
detectable ap circumferential depressions in the outer surtface of a specimen of material
fluoropolymer. Circumferential depressions in a fluoropalymer surface are yield marks (lo
points) rath
The examingtions are to be made with normal~0r corrected vision without magnifica
appearance (stress whitening) of a PVDF or PVDF copolymer insulation or jacket after flexin
for rejection.

!

. The aging is
wound onto a
djacent turns
verall jacket,
including any
le surface is
other than a
cally stronger

than indicators of cracking, so the inside fluorpolymer surface is to be exanined visually.

ion. A white
j is not cause

21 Deformption Test
211 The insulation and any separable jacket shall not decrease more in thickness than the percentage
indicated in Table 21.1 under(thge' load indicated in Table 21.1 while being maintained at the temperature
indicated in Table 21.1. The.tést is to be conducted as described in Deformation Test, Sectjon 560 of UL
1581, using test specimens described in 21.2 — 21.4.
Table 21.1
Load, temperature, and decrease in thickness for deformation test
Load Maximum
acceptable
decrease in
AWG size of Test thickness in
Material Sample conductor gf N temperature percent
FEP Nonintegral 30 - 21 500 4.90 121.0£1.0°C 25
insulation 20-12 800 7.85 (249.8 +1.8°F) 25
Any separable - 40007 39.232 121.0 £1.0°C 25
jacket (249.8+1.8°F)
HDFRPE, Nonintegral 30-21 250 2.45 100.0 +1.0°C 50
LDFRPE, insulation 20-12 400 3.92 (212.0 +1.8°F) 50
LDPE, or HDPE

Table 21.1 Continued on Next Page
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Table 21.1 Continued

Load Maximum
acceptable
decrease in

AWG size of Test thickness in
Material Sample conductor gf N temperature percent

PVC or Nonintegral 30-21 250 2.45 121.0£1.0°C 50

semirigid PVC insulation or 20-12 400 3.93 (249.08+1.8°F) 50
intergral 10-7 500 4.90 50
insulation and 6-—1 1600 9.80 50
jacket 1/0 - 4/0 2000 19.61 50
Any separable - 2000° 19.61°2 121.0 £1.0°C 50

| Jacket (2498 ET6 )

TPE Nonintegral 30-21 250 2.45 150.0 £1.0°C 50
insulation 20-12 400 3.92 (302.0 +1,8%F) 50
Any separable - 20002 19.612 150.0&1,0°C 50
jacket (302:0%1.8°F)

XLPO or XL Nonintegral 30-21 250 2.45 12170 £1.0°C 50
insulation or 20-12 400 3.92 (249.8 +1.8°F) 50
integral
insulation and
jacket
Any separable - 2000° 19.61° 121.0£1.0°C 50
jacket (249.8 +1.8°F)

@ A jacket is to Be tested in tubular form if it is too small in diameter to yield flatspecimens having a width equal to or|exceeding the

diameter of the |presser foot. In this case, a solid steel rod having a diameterthat is neither too loose nor tight in the facket is to be

inserted into th¢ jacket. Using the nominal diameter in Table 20.1 in UL'\1581, the diameter of the rod is to be converted to the
equivalent AW size and that size is to be used to determine the load\from Table 21.1. A solid conductor may be usgd inserted of
the steel rod.

21.2 The test is to be conducted using specimens prepared from samples of each of the following taken

from the finished cable:

a) Insulation representative ofleach conductor, wire, and non-air-gap coaxial memberin the cable.
Specimens are to have solid conductors.

b) Integral insulation and.jacket from flat cable.

c) Eagh individualijacket, binder jacket, cable jacket, and jacket over a metal covering in the cable
(this includes thé&.jackets on coaxial and optical-fiber members).

21.3 For an
rectangular s
buffed, or planed spllt or sklved to a unlform thlckness of not more than 0.050 +0 010 inor 1 .27 £0.25 mm,

with both surfaces smooth.

VA Jacket that does not need to be tested in tubular form (see note a to Table 21.1), a

21.4 The insulated conductors of a flat, parallel cable with integral insulation and jacket are to be
separated. The insulation thickness T, of an insulated conductor from integral cable or of an individually
insulated conductor or wire or of the center conductor of a non-air-gap coaxial member (any jacket is to be
removed) or of a jacket that is to be tested in tubular form as described in note a to Table 21.1 is to be
determined by the difference method from measurements made on a 1-in or 25-mm length of the insulated
conductor from the finished cable.

22 Cold Bend Test of Insulation

22.1 After being conditioned for 4 h in circulating air that is precooled to and maintained at a temperature
of -20.0°C, +3.0°C, -2.0°C (-4.0°F, +5.4°F, -3.6°F), the insulation on specimens removed from the finished
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cable (before being conditioned) shall not crack on the inside or outside surface when the specimens are
individually wound onto a round mandrel in the cold chamber as described in 22.2 — 22.4.

22.2 A circular metal mandrel is to be used in this test. The diameter of the mandrel is to be as indicated
in Table 22.1. The single mandrel is to be securely mounted in the chamber in a position that facilitates the
winding.

Table 22.1
Cold bend mandrel diameter

Calculated diameter over round specimen or calculated
lengtirofmimoraxisof ribbomrorflat cable Diameter of mandrel |

In mm in mm

0-0.045 0-1.14 0.125 318

Over 0.045 bug not over 0.062 Over 1.14 but not over 1.58 0.188 4178
Over 0.062 bug not over 0.083 Over 1.58 but not over 2.11 0.250 6135
Over 0.083 buf not over 0.104 Over 2.11 but not over 2.64 0.313 7195
Over 0.104 bug not over 0.125 Over 2.64 but not over 3.18 0.375 9553
Over 0.125 buf not over 0.146 Over 3.18 but not over 3.71 0.438 111
Over 0.146 buf not over 0.167 Over 3.71 but not over 4.24 0.500 12.7
Over 0.167 buf not over 0.188 Over 4.24 but not over 4.78 0.563 14.3
Over 0.188 buf not over 0.208 Over 4.78 but not over 5.28 0.625 1%.9
Over 0.208 buf not over 0.229 Over 5.28 but not over 5.82 0.688 171.5
Over 0.229 buf not over 0.250 Over 5.82 but not over 6.35 0.750 19.1
Over 0.250 buf not over 0.271 Over 6.35 but not over 6.88 0.813 20.7
Over 0.271 buf not over 0.292 Over 6.88 but not over 7.42 0.875 292
Over 0.292 buf not over 0.333 Over 7.42 but not over 8:46 1.000 25.4

22.3 The insulated conductors, wires, and any other coaxial members are to be removed ffom a 24-in or
610-mm length of other finished cable and are to be separated from one another and indiv{dually placed
as round spgcimens in the precogled cold chamber. Any jacket and the shield(s) are to be femoved from
coaxial mempers before these-members are placed in the cold chamber. The specimens ang mandrel are
to be conditipned for 4 h in girculating air that is precooled to and maintained at a temperature of -20.0°C,
+3.0°C, -2.0°C (-4.0°F, +5.4°F, —3.6°F). At the end of the fourth hour, the specimens are|to be wound
individually, &nd in quick succession, for 6 full turns onto the mandrel, with adjacent turng touching (1
complete turp is to_be)used for flat cable). The winding of each specimen is to be at an approximately
uniform rate pf 5 seconds per turn. The winding is to be done in the cold chamber.

22.4  With amimimurm of handiing andwhite Termaimning i the coited form, eacit specimemn s to be slid from
the mandrel, removed from the test chamber, and placed on a horizontal surface. The specimens are to
rest on that surface undisturbed for at least 60 min in still air to warm at a room temperature of 24.0 £8.0°C
(75.2 £14.4°F). Each specimen is then to be examined for cracking on the inside and outside surfaces of
the insulation or of the integral insulation and jacket. Cracks on the inside surface can be detected as
circumferential depressions in the outer surface of a specimen of material other than a fluoropolymer.
Circumferential depressions in a fluoropolymer surface are likely to be yield marks (locally stronger points)
rather than indicators of cracking.

23 Cold Bend Test of Complete Cable
23.1 After being conditioned for 4 h in circulating air that is precooled to and maintained at a temperature

of -20.0°C (-4.0°F), -30.0°C (-22.0°F), -40.0°C (-40.0°F), -50.0°C (-58.0°F), -60.0°C (-76.0°F), -70.0°C
(-94.0°F), specimens of the complete cable shall not be damaged when the specimens are individually
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wound onto a round mandrel as described in 23.2 and 23.3. See 42.1 (k) and (I) regarding marking or not
marking the cable with its low-temperature rating.

23.2 Four straight test lengths of the complete finished cable are to be cooled for 4 h in circulating air that
is precooled to and maintained at a temperature of -20.0°C (-4.0°F), -30.0°C (-22.0°F), -40.0°C (-40.0°F),
-50.0°C (-58.0°F), -60.0°C (-76.0°F), -70.0°C (-94.0°F), Tolerances of +3.0°C, -2.0°C (+5.4°F, -3.6°F)
apply to each of these temperatures. At the end of the fourth hour, the specimens are to be removed from
the cold chamber one at a time and are to be wound individually for 3 full turns around a circular wooden
mandrel of a diameter equal to 8 times the calculated diameter or length of minor axis of the outside of a
cable that does not contain any shield, 15 times the cable diameter or length of minor axis of the outside of
a cable that contains the specific metal sheath described in 15.5.2, or equal to 12 times the calculated
diameter or length of minor axis of the outside of a cable that contains one or more shields (coaxial

members are
applied to a s
Adjacent turr
approximatel
chamber and

the cold chamber using wood or metal mandrels.

23.3 Witha
the mandrel &
atleast4 hin

pecimen than is necessary to keep the surface of the specimen in contact with
s are to touch one another. The winding of each specimen is to be-cong

uniform rate of 5 s per turn, and the time taken to remove a spéecimen fi
complete the winding is not to exceed 30 s. As an alternative, thetest may be
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for surface damage. Each specimen is then to be disassembléd and examined further for amage. The

cable is acce
any part of th
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24 Spark Test after Insulating

241 Thein

comply with & spark test. One’hundred percent of production shall be tested by the manufz

factory. No fa

24.2 The sp
and coaxial n

btable if, for the first length tested, there aren't any cracks, splits, tears, or othe
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ts) rather than indicators of cracking. If the first test length has any of
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normal or corrected vision without magnification.
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Llts are aceeptable.

nembér after it is insulated and before any subsequent operation. The test eq

o0 L1101l 4004

r openings in
detected as
bther than a
narks (locally
these faults,
The cable is
ations are to

pf cable shall
cturer at the

ark testiindicated in 24.1 is to be at the voltage shown in Table 24.1 on each copductor, wire,

uipment and

method are to

[ A bad i Maotbaod O tH Q
VT do UTOoUTNMVTU T IViC vy, OCUUUIT UV, UT UL TJY0U T,

Table 24.1
Test potentials
Voltage-withstand test potential in L
Thickness of insulation volts? Spark potential in volts
15 mils or 0.38 mm or less 1500 ac or 2500 dc 3000 ac
30 mils or 0.76 mm or less 1500 ac or 2500 dc 5000 ac

min.

@ For routine production dielectric voltage-withstand testing, the time of application of the test potential may be 15 s instead of 1
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25 Dielectric Voltage-Withstand Test

251 The insulation on each conductor, wire, and coaxial member in every length of finished cable shall
withstand without breakdown a 48 — 62 Hz essentially sinusoidal rms or dc test potential as shown in Table
24.1 applied for 1 min. In the case of a coaxial member or a single, shielded, insulated conductor, the test
potential shall be applied between the conductor and the shield, with the shield connected to earth ground.
In all other cases, the test potential shall be applied between each conductor taken separately and all
other conductors and any shield(s) and/or metal covering connected together and to earth ground. The
test equipment and method are to be as described in Dielectric Voltage-Withstand Tests for Power-Limited

Circuit Cable and Power-Limited Fire-Protective-Signaling Circuit Cables, Section 830 of UL 1581.

26 Insulati

26.1 The in
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istance at 60.0°F (15.6°C) of not less than 100 megohms based on 1000 con
30.5 megohms based on a conductor kilometer, when the cable is:tested ag

sulation-resistance test is not a routine production test at the factory. It is to be
of the factory-inspection follow-up work.

easuring equipment and test procedure shall be applicable but otherwise are n¢
ge used for these measurements shall be of applicable range and calibration,
are accurate to 10 percent or less of the valugiindicated by the meter, and shall
er open-circuit potential.

bl conductors are to be tested dry with-the insulation-resistance readings mads
uter conductors on specimens that are at least 50 ft or 15 m long. Insulated co
ilar covering is to be in place)@re to be immersed in tap water for at leasf]
before the insulation-resistancé reading is taken. The immersion vessel is
grounding the water to the €arth (this may be the inside surface of a metal tank
1l or otherwise insulated\from the water). For the test in water, the immersed I
o be at least 50 ft onnd5 m, and at least 2.5 ft or 750 mm at each end of each s
the water and is to\be kept dry as leakage insulation.

0°F (2.8°C)-from the temperature of the water, one of the following is to be

certain that the water,/the insulation, and the conductor or wire are at the same temperatu

that the insul
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all exhibit an
uctor feet, or
described in

conducted as
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between the
hductors (any
6 h at room

to have an
if that surface
ength of each
pecimen is to

e time of immersion the temperature of any part of the coil or reel of finished cable differs by

lone to make
re at the time

a) Th

c insulation and the conductor or wire are to be considered o be atthe same t

mperature as

the water in which they are immersed whenever the same d-c resistance of the conductor is
obtained in each of three successive measurements made at intervals of 30 min by means of a
Kelvin-bridge ohmmeter that presents readings accurate to 2 percent or less of the value indicated
by the meter.

b) The water is to be heated or cooled, as necessary, to within 5.0°F (2.8°C) of the temperature of
the insulation and conductor or wire before the coil or reel is immersed.

26.6 The water and the entire length of the immersed insulated conductor are to be at any one
temperature in the range of 40.0 — 95.0°F (4.4 — 35.0°C) at the time that the insulation resistance is
measured. If their temperature at this time is other than 60.0°F (15.6°C), the resulting insulation resistance
is to be multiplied by the applicable factor M indicated in Table 26.1.
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Table 26.1
Multiplying factor M? for adjusting insulation resistance to 60.0°F (15.6°C) from another room
temperature
Ma
Temperature CP, XL, and PVCP® and semirigid PVCP

°F °C XLPO I 1l n v

40 4.4 0.53 0.12 0.17 0.21 0.31
41 5.0 0.55 0.13 0.19 0.23 0.33
42 5.6 0.57 0.15 0.21 0.25 0.35
43 6.1 0.59 0.16 0.22 0.27 0.37
44 6.7 0.60 0.18 0.25 0.29 0.39
45 7.2 0.62 0.20 0.27 0.31 0.42
46 7.8 0.64 0.23 0.29 0.34 0.44
47 8.3 0.66 0.2 0.32 036 0.47
48 8.9 0.68 0.28 0.35 0:39 0.49
49 9.4 0.70 0.31 0.38 0.43 0.53
50 10.0 0.73 0.35 0.42 0.46 0.56
51 10.6 0.76 0.39 0.46 0.50 0.59
52 1.1 0.78 0.43 050 0.54 0.63
53 1.7 0.80 0.48 055 0.58 0.67
54 12.2 0.83 0.54 0.60 0.63 0.70
55 12.8 0.86 0.60 0.65 0.68 0.75
56 13.3 0.88 0.66 0.71 0.74 0.79
57 13.9 0.91 0.73 0.78 0.80 0.84
58 14.4 0.94 0.82 0.85 0.86 0.90
59 15.0 0.97 0.90 0.92 0.93 0.95
60 15.6 1.00 1.00 1.00 1.00 1.00
61 16.1 1.03 1.11 1.09 1.08 1.06
62 16.7 107 1.24 1.19 1.17 1.13
63 17.2 1:10 1.38 1.30 1.26 1.19
64 17.8 1.13 1.53 1.41 1.36 1.26
65 18.3 1.17 1.70 1.54 1.47 1.34
66 18.9 1.20 1.88 1.69 1.59 1.42
67 194 1.24 2.09 1.84 1.72 1.51
68 20.0 1.28 2.31 1.99 1.85 1.60
69 20.6 1.32 2.57 2.18 2.00 1.69
70 241 1.36 285 238 247 1.79
71 21.7 1.40 3.17 2.59 2.34 1.90
72 222 1.45 3.52 2.82 2.53 2.02
73 22.8 1.50 3.90 3.08 2.72 2.14
74 23.3 1.55 4.31 3.35 2.94 2.27
75 23.9 1.59 4.78 3.65 3.18 2.40
76 24.4 1.64 5.30 3.98 3.43 2.54
77 25.0 1.69 5.88 4.34 3.70 2.70
78 25.6 1.75 6.51 4.73 4.00 2.86
79 26.1 1.80 7.27 5.16 4.33 3.03
80 26.7 1.86 8.07 5.61 4.67 3.21

Table 26.1 Continued on Next Page
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Table 26.1 Continued

M2
Temperature CP, XL, and PVCP and semirigid PVC®

°F °C XLPO 1 I ] v
81 27.2 1.90 8.98 6.12 5.04 3.40
82 27.8 1.97 9.92 6.69 5.45 3.60
83 28.3 2.02 11.0 7.28 5.89 3.82
84 28.9 2.10 12.2 7.92 6.35 4.05
85 294 2.23 13.5 8.67 6.84 4.30
86 30.0 2.30 14.9 9.31 7.30 4.53
87 30.6 2.30 16.6 10.1 7.93 4.81
88 31.1 2.37 18.5 11.0 8.50 5.09
89 31.7 2.43 20.6 12.0 9.23 5.40
90 32.2 2.53 23.0 13.1 9.95 5.72
91 32.8 2.60 25.3 14.3 10.7 6.08
92 33.3 2.68 28.2 15.6 11.6 6.44
93 33.9 2.76 31.2 17.0 12.5 6.83
94 344 2.86 35.0 18.5 13.5 7.24
95 35.0 2.94 39.0 20.3 14.6 7.68

& M=1.00 for silicone rubber, ECTFE, ETFE, FEP, FRPE, HDPE, LDPE, MFA, PFAYPP, FRPP, PVDF, PVDF-copolymer, PTFE,

and TFE. M is fo be determined individually for each TPE compound by means of the method described in Test Procedure for

Determining thie Multiplying-Factor Column for Adjusting Insulation Resistance, Section 27.

® Normally, ong of the four columns I, 1, ll, or IV in this table is to be assigned to each PVC and semirigid PVC comjpound used.

However, whefe a PVC compound or semirigid PVC compound dogs hot fit into any of the four patterns (columns in this table),

applicable valdes of M are to be determined by means of the method described in Test Procedure for Determining the Multiplying-

Factor Column for Adjusting Insulation Resistance, Section 27:

26.7 Atestjat 60.0°F (15.6°C) is to be made-for a coil or reel that does not show acceptablg results when
the water temperature is other than 60.0°F,(15.6°C).

26.8 If coilg or reels are connected.together for the insulation-resistance test and acceptalle results are
not obtained| the individual coils;or reels are to be retested to determine which ones have at least the
required insylation resistance.

27 Test Procedure for-Determining the Multiplying-Factor Column for Adjusting Insulation
Resistance

27.1  Two specimens, conveniently of a 16 — 20 AWG solid conductor with a wall of instilation whose
average thickness is 10 — 15 mils or 0.25 — 0.38 mm, are to be selected as representative of the insulation
under consideration. The specimens are to be of a length (at least 200 ft or 60 m) that yields insulation-
resistance values that are stable within the calibrated range of the measuring instrument at the lowest
water-bath temperature.

27.2 The two specimens are to be immersed in a water bath equipped with heating, cooling, and
circulating facilities. The ends of the specimens are to extend at least 2 ft or 600 mm above the surface of
the water to reduce electrical leakage. The specimens are to be left in the water at room temperature for
16 h before adjusting the bath temperature to 50.0°F (10.0°C) or before transferring the specimens to a
50.0°F (10.0°C) bath.

27.3 The d-c resistance of the metal conductor is to be measured at applicable intervals of time until the
temperature remains unchanged for at least 5 min. The insulation is then to be considered as being at the
temperature of the bath indicated on the bath thermometer.
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27.4 Each of the two specimens is to be exposed (27.3 applies) to successive water temperatures of
50.0, 61.0, 72.0, 82.0, and 95.0°F (10.0, 16.1, 22.2, 27.8, and 35.0°C) and returning, 82.0, 72.0, 61.0, and
50.0°F (27.8, 22.2, 16.1, and 10.0°C). Insulation-resistance readings are to be taken at each temperature
after equilibrium is established.

27.5 The two sets of readings (four readings in all) taken at the same temperature are to be averaged for
the two specimens. These four average values and the average of the single readings at 95.0°F (35.0°C)
are to be plotted on semilog paper. A continuous curve (usually a straight line) is to be drawn through the
five points. The value of insulation resistance at 60.0°F (15.6°C) is then to be read from the graph.

27.6 The resistivity coefficient C for a 1.0°F (0.55°C) change in temperature is to be calculated to two

o

decimal place raph by the

insulation resjstance at 61.0°F (16.1°C). In Table 27.1, C heads the column of multiplying)factors M that

applies to the|particular insulation.

Table 27.1
Multiplying factor M? for adjusting insulation resistance to 60.0°F (15.6°C)

Temperaturg Resistivity coefficient C for 1.0°F(0.55°C)
°F °¢ 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.10 1.1 1.12
40 ah 0.55 0.46 0.38 0.31 0.26 022 0.18 0.15 0.12 0.10
41 5 0.48 0.40 0.33 0.28 0.28 0.23 0.19 0.16 0.14 0.12
42 56 0.59 0.49 0.42 0.35 0.30 0.25 0.21 0.18 0.15 0.13
43 6t 0.60 0.51 0.44 0.37 0.62 0.27 0.23 0.20 0.17 0.15
44 67 0.62 0.53 0.46 0.39 0:34 0.29 0.25 0.22 0.19 0.16
45 7p 0.64 0.56 0.48 0.42 0.36 0.32 0.28 0.24 0.21 0.18
46 78 0.66 0.58 0.50 0:44 0.39 0.34 0.30 0.26 0.23 0.20
47 8B 0.68 0.60 0.53 0.47 0.42 0.37 0.33 0.29 0.26 0.23
48 8p 0.70 0.62 0.56 0.50 0.44 0.40 0.36 0.32 0.29 0.26
49 ]’} 0.72 0.65 0.59 0.53 0.48 0.42 0.39 0.35 0.32 0.29
50 1010 0.74 0.68 0.61 0.56 0.51 0.46 0.42 0.39 0.35 0.32
51 106 0.77 0.70 0.64 0.59 0.54 0.50 0.46 0.42 0.39 0.36
52 1)1 0.79 0.73 0.68 0.63 0.58 0.54 0.50 0.47 043 0.40
53 1|7 0.81 0.76 0.71 0.67 0.62 0.58 0.55 0.51 0.48 0.45
54 1212 0.84 0.79 0.75 0.70 0.67 0.63 0.60 0.56 0.54 0.51
55 1218 0.86 0.82 0.78 0.75 0.71 0.68 0.65 0.62 0.9 0.57
56 133 0.89 0.86 0.82 0.79 0.76 0.74 0.71 0.68 0.66 0.64
57 139 0.92 0.89 0.86 0.84 0.82 0.79 0.77 0.75 0.13 0.71
58 14.4 0.94 0.93 0.91 0.89 0.87 0.86 0.84 0.83 0.81 0.80
59 15.0 0.97 0.95 0.94 0.95 0.94 0.93 0.92 0.91 0.90 0.89
60 15.6 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
61 16.1 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.10 1.11 1.12
62 16.7 1.06 1.08 1.10 1.12 1.14 1.17 1.19 1.21 1.23 1.25
63 17.2 1.09 1.12 1.06 1.19 1.23 1.26 1.30 1.33 1.37 1.40
64 17.8 1.13 1.17 1.22 1.26 1.31 1.36 1.41 1.46 1.52 1.57
65 18.3 1.16 1.22 1.28 1.34 1.40 1.47 1.54 1.61 1.69 1.76
66 18.9 1.19 1.27 1.34 1.42 1.50 1.59 1.68 1.77 1.87 1.97
67 19.4 1.23 1.32 1.41 1.50 1.61 1.71 1.83 1.95 2.08 2.21
68 20.0 1.27 1.37 1.48 1.59 1.72 1.85 1.99 2.14 2.20 2.48

Table 27.1 Continued on Next Page
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Table 27.1 Continued

Temperature Resistivity coefficient C for 1.0°F (0.55°C)
°F °C 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.10 1.1 1.12
69 20.6 1.30 1.42 1.55 1.9 1.84 2.00 217 2.36 2.56 2.77
70 211 1.34 1.48 1.63 1.79 1.97 2.16 2.37 2.59 2.84 3.1
71 21.7 1.38 1.54 1.71 1.90 2.10 2.33 2.58 2.85 3.15 3.48
72 222 1.43 1.60 1.80 2.01 2.25 2.52 2.81 3.14 3.50 3.90
73 22.8 1.47 1.67 1.89 2.13 2.41 2.72 3.07 3.45 .88 4.36
74 23.3 1.51 1.73 1.98 2.26 2.58 2.94 3.34 3.80 4.31 4.89
75 23.9 1.56 1.80 2.08 2.40 2.76 3.17 3.64 4.18 4.78 5.47
76 24.4 1.60 1.87 2.18 2.54 2.95 3.43 3.97 4.59 5131 6.13
77 25.0 1.65 1.95 2.29 2.69 3.16 3.70 4.33 5.05 5190 6.87
78 25.6 1.70 2.03 2.41 2.85 3.38 4.00 4.72 5.56 6154 7.69
79 26.1 1.75 211 2.53 3.03 3.62 4.32 5.14 6:12 7126 8.61
80 26.7 1.81 2.19 2.65 3.21 3.87 4.66 5.60 6.73 806 9.65
81 21.2 1.86 2.28 2.79 3.40 414 5.03 611 7.40 8195 10.8
82 21.8 1.92 2.37 2.93 3.60 4.43 5.44 6.66 8.14 9J93 12.1
83 28.3 1.97 2.46 3.07 3.82 4.74 5.87 7.26 8.95 11.0 13.6
84 28.9 2.03 2.56 3.23 4.05 5.07 6:34 7.91 9.85 12.2 15.2
85 29.4 2.09 2.67 3.39 4.29 5.43 6.85 8.62 10.8 18.6 17.0
a Calculated frgm the formula M=C'~8 in which C is determined as describ&dhin 27.1 — 27.6 and t is the temperaturg of the cable
in degrees F.

28 Long Term Insulation-Resistance Test in Water

28.1 Insulated conductors from cable that is marked to indicate that it is rated for use in|wet locations
shall have an insulation resistance in tap water that is not less than indicated in the applicable formulas in
28.2 at any time during immersion. The tap-water is to have a temperature of 50 £1.0°C (122 +1.8°F). The
period of immersion is 12 weeks or(more. See 28.3 for the requirement covering the maximum rate of
decrease of {he insulation resistance,

28.2 The ipsulation-resistance values are to be calculated by using one of the followjng formulas,
whichever isfapplicable:

a) (Ingh-pound):
D

in which:

IR50-c is the minimum insulation resistance in megohms based on 1000 conductor feet for
wire in water at 50°C (122°F).

D is the diameter over the insulation in inches; and
d is the diameter of the metal conductor in inches;
b) (SI)
D

in which:
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IR50-c is the minimum insulation resistance in megohms based on a conductor kilometer for
wire in water at 50°C (122°F).

D is the diameter over the insulation in mm,; and

d is the diameter of the metal conductor in mm.

28.3 For every continuous period of 3 weeks during the latter half of the 12-week immersion, a smooth
curve drawn covering the entire immersion period and showing the average of the measured readings of
insulation resistance shall not decrease at a rate exceeding 4 percent per week. A coil that shows a
greater percent decrease in insulation resistance during the extended immersion than specified in 28.2
shall be tested for additional 1-week immersion periods and the coil is to be evaluated based on the last 12

weeks of im

28.4 To det
center 50-ft (2
water at the

brought well

28.5 Thein
not specified
shall present
potential of

galvanomete
each reading
achieve a nul
correct readin

29 Sunligh

ersion.

brmine whether or not the insulation complies with the requirements in28.2 3
0-m) sections of three 55-ft (22-m) coils of the insulated conductor are to be imn
specified temperature for the duration of the test. The ends of each specim

Sulation-resistance test equipment and procedures shall be dpplicable. Othery
A megohm bridge used for this purpose shall be of applicable range and c3
readings that are accurate to 10 percent or less of/thé value indicated by the
00 — 500 V shall be applied to the insulation/for 60 s prior to each rg
indication shall be given 60 s to stabilize befare the reading is recorded. Th

. Delay is not required for instant-reading.equipment that has been demonstrats
gs without a 60-s delay.

Resistance Test

29.1 The ¢

ble is for use in sunlight where the ratio of the average tensile strength

elongation of|five conditioned specimens of the overall jacket to the average tensile strength
elongation offive unconditioned specimens of the overall jacket is 0.80 or more when the fini

conditioned
arc exposure

d tested as described in Xenon-Arc Tests, Section 1200 of UL 1581, using 72

30 Crushing Test for-Cable Marked for Direct Burial

30.1
rupture of the

Finished cable that is marked to indicate that the cable is for direct burial shall withs

way from the tank, and the water is to be maintained at the specified temperature.

nd 28.3, the
nersed in tap
en are to be

vise they are
libration and
meter. A d-c
ading. Each
e duration of

shall be 60 s in the case of range switching.or for metering equipment requiring time to

d to produce

and ultimate
and ultimate
shed cable is
) h of xenon-

tand without

a) Outermost cable covering, and

b) Insulation on any conductor, 1000 Ibf or 4448 N or 454 kgf applied for 60 s by a flat horizontal
steel plate that crushes the cable at the point at which the cable is laid over a steel rod.

The test shall

be conducted and the results evaluated as described in 30.2 — 30.6.

30.2 The results of this test for a given construction are to be taken as representative of the performance
of all other cables of the same construction containing either more conductors of the same size or the
same or a larger number of conductors of a larger size. The performance of the cabled conductors in a
round cable is to be considered representative of the performance of those conductors in both round and
flat cables.
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30.3 The cable is to be crushed between a flat, horizontal steel plate and a solid steel rod mounted on a
second, identical plate. The crushing is to be achieved by the application of dead weight or in a
compression machine whose jaws close at the rate of 0.50 £0.05 in/min or 10 £1 mm/min. Each plate is to
be 2 in or 50 mm wide. A solid steel rod 3/4 in or 19 mm in diameter and of a length equal to at least 6 in or
150 mm is to be bolted or otherwise secured to the upper face of the lower plate. The longitudinal axes of
the plates and the rod are to be in the same vertical plane. The specimens, the apparatus, and the
surrounding air are to be in thermal equilibrium with one another at a temperature of 24.0 +8.0°C (75.2
+14.4°F) throughout the test.

30.4 The cable is to be tested in a continuous length of at least 36 in or 915 mm, with the cable being
crushed at three points along that length. The points at which the cable is to be crushed are to be
measured and marked with chalk or another innocuous means on the test length before the test is begun.
The first mark is to be placed 9 in or 230 mm from one end of the test length and the two remaining marks
are to be magle at succeeding intervals of 9 in or 230 mm down the length of the cable.

30.5 The cable at the first mark is to be placed and held on the steel rod, with the.Jongitudi
cable horizontal, perpendicular to the longitudinal axis of the rod, and in the Vertical plane
bisects the
be tested flafwise. The upper steel plate is to be made snug against the,eable. In a test

weight or we
test using a
in/min or 10

the dead we
+0.05 in/min

30.6 The tq
total of three
examined at

ghts, weight exerting the force indicated in 30.1 is to be placed gently on the up
compression machine, the upper plate is to be moved, downward at the rate

or 10 +1 mm/min until the cable is free.

st length of the cable is to be advanced and crushed at each of the successivj
crushes. The overall jacket or metal €overing and the insulation on each condu
each of the three points at which the cable was crushed. The cable is not acq

overall covelling or any of the insulation is $plit, torn, cracked, or otherwise ruptured at an

hal axis of the
that laterally

per and lower plates and the rod. Flat parallel cable with integralinsulation apd jacket is to

using a dead
per plate. In a
of 0.50 £0.05

1 mm/min thereby increasing the force on the cable until the level indicated in 30.1 is
reached. That level of force is to be held constant for 60 s andtis then to be reduced to zerg
ght(s) or, in the compression machine, by raising the upper steel plate at th¢ rate of 0.50

by removing

e marks for a
ctor are to be
eptable if the
y of the three

points. Flatte

ning of the jacket or the insulation, or both of these, without rupture is acceptablg.

31 Water Absorption Test of Insulation in Direct-Burial Cable
31.1 Condy
Time Insulat
Insulated Wi

ctors for use in"Direct-Burial Cables shall meet the requirements of 31.2 or 31
on Resistance in Water requirements for Type TW wires in the Standard for T
es and Cables, UL 83.

3 or the Long
hermoplastic-

echanical water absorption (MWA) of the insulation on the conductors in a dire¢t-burial cable
shall not be be more than

ore'than 20.0 milligrams mass per square inch of exposed surface or shall not
3.1 miIIigrarL—mwmmmm—mmWWh@nmm—the insulated

conductors are tested as described in Test, Section 1040 of UL 1581. The water temperature is 82.0 +1°C.

31.2 Them

31.3 The capacitance and relative permittivity of the insulation on a conductor in a direct burial cable
shall be determined using the method described in Test, Section 1020 of UL 1581 for 60°C conductors.
The relative permittivity determined after a 24 h immersion shall not be more than 10.0. The capacitance
after 14 days shall not be more than 10.0 percent higher than after one day and 5.0 percent higher than
after 7 days.

32 Impact Test for Type ITC Cable Marked "-ER"

32.1 Type ITC cable marked "-ER" as indicated in 42.1 and 43.1 [NEC 727.4 (6) ] shall be capable of
withstanding without contact between circuit conductors, and without contact between a circuit conductor
and any shield, the energy of a free-falling, flat-faced weight that impacts the cable at the point at which
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the cable is laid over a steel rod. The test shall be conducted and the results evaluated as described in
32.2 — 32.10. Flat cable shall be capable of withstanding the impact when tested with the broad and
narrow faces laid over the rod (flatwise and edgewise using separate specimens).

32.2 The result of this test, conducted on a finished cable containing three circuit conductors that are of
identical size, are to be taken as representative of the performance of all other cables of the same
construction containing either more conductors of the same size or the same or a larger number of
conductors of a larger size. The performance of a two conductor cable is to be tested on a finished cable
containing two circuit conductors that are of identical size and shall be taken as representative of the
performance of all other cables of the same construction containing the same or a larger number of
conductors of the same or of a larger size. The performance of the cabled conductors in a round cable is to

be taken as representative of the performance of those conductors in both round and flat cables.

32.3 A solid rectangular block of steel 4-3/4 in or 121 mm long by 3 in or 76 mm wide-by,5
high, with its ipper face (4-3/4 by 3 in or 121 by 76 mm) horizontal, is to be secured to a,conc

nor 127 mm
rete floor, the

building framg¢work, or another solid support. A solid steel rod 3/4 in or 19 mm in diameter and 4-3/4 in or

pact weight is to be supported with its lower face"horizontal and with the longit
in the same vertical plane as the longitudinal axes of the rod and the uppe

the impact weight and the dimensional center of\the upper face of the stationary block. A s
other vertical jguides is to constrain the impact weight and keep its lower face horizontal while
falling and after it has struck the cable. The,rails or other guides are not to interfere with the fi
impact weighf. A means is to be provided;at the top of the guides for releasing the impact
freely from angy chosen height and strike'the cable. The weight is to be kept from striking th

ock with the
block.

ular block of
hm long. The

Lidinal axis of
r face of the
rod, and the
ower face of
et of rails or
the weight is
ree fall of the
weight to fall
p cable more

than once dufing each drop.

326 Thete
with one anot

5t samples of the cable, the apparatus and the surrounding air are to be a therm
her at a temperature of 23.0 £5.0°C (73.4 £9.0°F) throughout the test.

bl equilibrium

32.7 Round
being made ¢

th ten strikes
th ten strikes

cable.js to be tested in a single continuous length of at least 11 ft or 3.35 m wi
n thatlength. Two such lengths are to be tested in the case of a flat cable, wi
being made flatwise (broad faces of cable contacting the impact weight and the rod) on one lgngth and ten
strikes being Thade edgewiSe (Marrow faces of cabie contacting the impact weightand the rod) on the
other length. The points at which the cable is to be struck are to be measured and marked with chalk or by
another innocuous means on the test length before the test is begun. The first mark is to be placed 12 in or
305 mm from one end of the test length and the nine remaining marks are to be made at succeeding
intervals of 12 in or 305 mm down the length of the cable.

32.8 The insulated circuit conductors in the length of cable being tested are to be connected in series
with a 3-W 120-V neon lamp to one of the energized conductors of a 208-V 48 — 62 Hz 4-wire grounded-
wye a-c circuit. Any bare or insulated grounding conductor in the test length of the cable is to be connected
to any shield, to all parts of the impact apparatus, to earth ground, and to the grounded supply wire.

32.9 The impact weight is to be secured several cable diameters above the steel rod and the cable at the
first mark is to be placed and held on the steel rod with the longitudinal axis of the cable horizontal,
perpendicular to the longitudinal axis of the rod, and in the vertical plane containing the coincident vertical
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lines mentioned in 32.5. The position of the 10 Ib or 4.54 kg impact weight is to be adjusted to place the
lower face of the weight 1.5 ft or 45.7 cm above the upper surface of the cable (this height results in an

impact energy of 15 ft-Ibf or 20.3 J or 207 kgf-cm). The impact weight is to be released from

this height, is

to fall freely in the guides, is to strike the cable once, and is then immediately to be raised up to and

secured at the initial height. Note is to be taken and recorded of whether either or both of th
light during the impact indicating a momentary or other contact between the circuit conducto
one or both of the circuit conductors and any grounding conductor or shield.

€ neon lamps
rs or between

32.10 The test sample of the cable is to be advanced to and impacted at each of the successive marks

for a total of ten strikes. After each strike, continuity of the circuit conductors is to be ¢

hecked (see

Continuity Test of Conductors, Section 19). When any lamp lights this is considered a failure and the
impacted cable section containing the short should be removed from the cable before continuing with the

impact test. If more than two of the ten impact points on any test length causes a lamp to|i
does not megt the impact-test requirement. Additionally, any failure of the continuity test,is
failure of the [mpact test requirement.

33 Crushing Test for Type ITC Cable Marked "-ER"
33.1 Type
withstanding

and any shig
that crushes

Id and all grounding conductors connected together, the force of a flat horizon
the cable at the point at which the cable is laid over a.steel rod.

33.2 The rgsults of this test, conducted on a finished cable.containing three circuit conduct
identical siz¢, are to be taken as representative of the,performance of all other cables
construction |containing either more conductors of the ‘'same size or the same or a larg
conductors df a larger size. The performance of a two conductor cable is to be tested on a
containing two circuit conductors that are of identical size and shall be taken as represe
performance]| of all other cables of the same, construction containing the same or a larg
conductors of the same or of a larger size, The performance of the cabled conductors in a rou
be taken as representative of the performance of those conductors in both round and flat cab

33.3 The cable is to be crushed between flat, horizontal steel plates in a compression m
jaws close af|the rate of 0.50 £0.05 in/min or 10 £1 mm/min. Each plate is to be 2 in or 50 mm
steel rod 3/4]in or 19 mm in~diameter and of the same length as the plates is to be bolted
secured to the upper face‘ef the lower plate. The longitudinal axes of the plates and the rod a
same vertica] plane.

33.4 The tgst samples of the cable, the apparatus, and the surrounding air are to |
equilibrium with one another at a temperature of 23.0 £5.0°C (73.3 £9.0°F) throughout the tes

TC cable marked "-ER" as indicated in 42.1 and 43.1 [NEC)727.4 (6)] shall !
without contact between circuit conductors, and without contact between a cirg

ght, the cable
considered a

be capable of
uit conductor
tal steel plate

brs that are of

of the same
er number of
inished cable
ntative of the
er number of
nd cable is to
es.

nchine whose
wide. A solid
or otherwise
re to be in the

e in thermal
t.

33.5 Round cable is to be tested in a continuous length of at least 100 in or 2.55 m with th
crushed at ten points along that length. Two such lengths are to be tested in the case of a fl

e cable being
lat cable, with

the cable being crushed flatwise (broad faces of cable contacting the flat plate and the rod) at ten points on

one length and edgewise (narrow faces of cable contacting the flat plate and the rod) at ten

points on the

other length. The points at which the cable is to be crushed are to be measured and marked with chalk or

another innocuous means on the test length before the test is begun. The first mark is to be

placed 9 in or

230 mm from one end of the test length and the nine remaining marks are to be made at succeeding

intervals of 9 in or 230 mm down the length of the cable.

33.6 Each of the insulated circuit conductors in the length of cable being tested is to be

series with a buzzer or other low-voltage indicator and its supply circuit, one leg of which is
grounded. All grounding conductors in the test length of the cable are to be connected to any

metal parts of the crushing apparatus, to earth ground, and to the grounded supply wire.

connected in
to be earth-
shield, to all
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33.7 The upper steel plate in the compression machine is to be raised several cable diameters above the
steel rod and the cable at the first mark is to be placed and held on the steel rod with the longitudinal axis
of the cable horizontal, perpendicular to the longitudinal axis of the rod, and in the vertical plane that
laterally bisects the plates and the rod. The upper steel plate is to be moved down until it is snug against
the cable. The downward motion of the plate is then to be continued at the rate of 0.50 £0.05 in/min or 10
+1 mm/min increasing the force on the cable until one or more of the indicators signal that contact has
occurred between the circuit conductors or between one or more of the circuit conductors and any
grounding conductor. The force indicated by the dial on the compression machine at the moment of
contact is to be recorded.

33.8 The length of cable being tested is to be advanced to and crushed at each of the successive marks
for a total of ten crushes. When the average of the ten crushing trials is less than 1000 Ibf or 4448 N or 454
kgf the cable Hoes not comply with the crush-test requirement.

34 Changes in Construction

34.1 Inregs
is changed (2

rd to the tests referenced in Vertical-Tray Flame Tests on Cables; Section 35, a
nd therefore the full number of burns specified in the chosen test’is to be rep

construction
pated) where

different matg¢rials and/or different amounts of the same materials are introduced that affect the flame

characteristic

34.2 For aq
conducted w
coverage tha
test is affecte
the shield. An
cable in arep

35 Vertical;
35.1

35.1.1 The
FT4/IEEE 12
35.4.2. A test
See 1.2. Cab|
described in |

General

5 of the cable.

able that contains a metal or metallized tape shield\or a wire shield, the flame
th the thinnest metal in the shield tape, smallest-diameter shield wire, and
the manufacturer intends to use in production.>The performance of the cabl¢
d by any change that reduces the tape metal thickness, shield wire size, and/o
y reduction in one or more of these elements during production requires re-eva
pat of the flame test.

Tray Flame Tests on Cables

cable manufacturer is to specify either the UL test referenced in 35.2.1 an

test is to be
least shield
in the flame
coverage of
uation of the

i 35.2.2, the

D2 test referenced™in 35.3.1, or (for limited-smoke cable) the test referenced i
is required for each construction of cable. The same test is not required for all g
es with the.metal covering described in Metal Covering, Section 17, and withg
acket ovérMetal Covering, Section 18, comply with the requirements in 35.2, 3

n 35.4.1 and
onstructions.
ut the jacket
b.3, and 35.4

and are not required.to.be tested.

35.2 UL test

35.2.1 Type ITC cable of a given construction shall not exhibit damage (as defined in UL 1685) that
equals or exceeds a height of 8 ft, 0 in or 244 cm when sets of cable specimens as described in 35.2.2 are
separately installed in a vertical ladder type of cable tray and are subjected to 20 min of flame as
described under UL Flame Exposure (smoke measurements are not applicable) in the Standard Vertical-
Tray Fire-Propagation and Smoke-Release Test for Electrical and Optical-Fiber Cables, UL 1685. The test
specimens shall be of the complete, finished cable. The test specimens shall be representative of the
entire size range that the manufacturer intends to produce in each construction made (see specification of
specimens and evaluation of results in 35.2.2). See 34.1 and 34.2 regarding shields and regarding
construction changes that trigger repeat testing.

35.2.2 The test specimens for the UL or FT4/IEEE 1202 tray flame test typically are the smallest and
largest diameters [equivalent diameter for a cable that is not round is calculated as 1.1284 x (TW)"2, in
which T is the length of the minor axis of the cable and W is the length of the major axis of the cable] cable
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that the manufacturer intends to produce in each construction made. The number of cable lengths in a set
of specimens is to be determined as indicated in UL 1685. Where the cable damage height equals or
exceeds 8ft. 0 in or 244 cm measured upward from the bottom of the cable tray on any individual cable test
length in either set of cable specimens tested, compliance in tests of additional sets of specimens is
required to qualify the full size range desired by the manufacturer.

35.3 FT4/IEEE 1202 test
35.3.1 Finished cable shall not exhibit damage (as defined in UL 1685) that equals or exceeds a height

of 1.5 mor 4 ft 11 in when sets of specimens are tested as described under FT4/IEEE 1202 Type of Flame
Exposure (smoke measurements are not applicable) in the Standard Vertical-Tray Fire-Propagation and

Smoke-Rele

se Test for Electrical and Optical-Fiber Cables, UL 1685, The test specimens shall be of the

complete, fin
manufacture
for evaluatio
sentence in
upward from|
compliance i
manufacture
testing. "FT4
onorinthe (

35.4 \Vertic

3541 Eac
the limits fg
Propagation
specimens a
smoke meas

35.4.2 The
representatiy
made. Speci
diameter tha
are exceede

ished cable. The test specimens shall be representative of the entire size)r
" intends to produce in each construction made. See specification of specimens

35.2.2. Where the cable damage height equals or exceeds 1.5 m on 4 ft 11
the lower edge of the burner face on any individual cable in any)set of spec
h tests of additional sets of specimens is required to qualify the full' size range g
. See 34.1 and 34.2 regarding shields and regarding construction changes that
IEEE 1202" or "FT4" is the applicable (not required) cable’and tag marking — se
able, Section 42, and Information on the Tag, Reel, or €arton, Section 43.

al-tray fire and smoke-release test for cables with "-ST1" marking

N Type ITC cable that is surface marked "-SF1" in accordance with 42.1(a) sha
r smoke release and cable damage ‘height stated in the Standard Verti
and Smoke-Release Test for Electricalk and Optical-Fiber Cables, UL 1685,

s described in 35.4.2 are tested in either of the flame exposures described in

urements included.

test specimens shall be:.6fi'the complete, finished cable. The test specin
e of the entire size range’that the manufacturer intends to produce in each
mens for a UL 1685 fire test typically consist of the smallest, largest, and an
the manufacturerintends to produce in each construction made. Where the |
H by the smoke-released and/or the cable damage height for any set of spec

bnge that the
n 35.2.2 and,

h of results in each case, substitute the following sentence of this paragraph for the final

in measured
mens tested,
esired by the
trigger repeat
e Information

| comply with
al-Tray Fire-
when sets of
UL 1685 with

ens shall be
construction
intermediate
L 1685 limits
mens tested,

compliance in tests of additional sets of specimens is required to qualify the full size range desired by the
manufacturef. See 34.1)and 34.2 regarding shields and regarding construction changes that|trigger repeat
testing.

36 Copper

Sulphate Test of Zinc Coating on Steel Strip for and from Interlocked Steel

Armor

36.1
strip to comp

ly with all of the following requirements. This is indicated in 17.5.8.

The coating of zinc on steel strip for and from interlocked steel armor shall enable specimens of the

a) A specimen of the zinc-coated steel strip tested before forming shall not show a bright, adherent
deposit of copper on any surface, including edges, after two 60-s immersions in a solution of
copper sulphate.

b) A specimen of the partially uncoiled steel armor from finished cable:

1) Shall not show a bright, adherent deposit of copper after one 60-s immersion in a solution

of copper sulphate, and

2) Shall not show a bright, adherent deposit of copper on more than 25 percent of any
surface, including edges, after two 60-s immersions in the copper sulphate solution.
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