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1 Scope

1.1 These requirements cover 14 — 4/0 AWG single-conductor PVC-insulated and -jacketed
underground feeder and branch-circuit cable and flat multiple-conductor PVC-jacketed underground
feeder and branch-circuit cables containing two or three 14 — 6 AWG PVC-insulated circuit conductors with
or without an equipment grounding conductor. These Type UF cables are intended for use in accordance
with Article 340 and other applicable parts of the National Electrical Code, ANSI/NFPA 70 in wiring
systems operating at a potential of 600 V or less. Submersible water-pump cables and multiple-conductor
assemblies to which a type-letter designation is not assigned are also covered in these requirements.

1.2 Multiple-conductor cable that is marked "UF-B" has a 75°C jacket and conductors with insulation of
90°C dry and at least 60°C wet locations. Multiple-conductor cable that is marked "UF" has a 60°C jacket
and conducto{ with insulation for 60°C dry and wet locations. Single-conductor cable is mdrked "UF" and

has an integral insulation and jacket for 60°C dry and wet locations. The ampacity of all caljles covered in
these requirements is that of 60°C conductors.

1.3 These requirements do not cover insulation other than PVC, round cables’containing two or more
circuit condugtors, flat cables containing more than three circuit conductors, or multiple-conductor cables
containing cir¢uit conductors larger than 6 AWG.
2 General
2.1 Units of measurement
2.1.1 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 convenigntly usable in
countries employing the metric system (practical;Sl). Equivalent — although not necegsarily exactly

identical — refpults are to be expected from applying a requirement in USA or metric terms. Equipment
calibrated in metric units is to be used when arequirement is applied in metric terms.

2.2 Reference publications

2.2.1 Any undated reference towa code or standard appearing in the requirements of this [standard shall
be interpreted as referring to the latest edition of that code or standard.

3 Definitions

3.1 The follgwing“definitions apply in this Standard:

Composite insulation system —a multiple-Tayer system of materials that fulfills The requirements for both
electrical and mechanical integrity of the cable or wire.

Thermoplastic — a jacket or insulation material that repeatedly can be softened by heating and hardened
by cooling through a temperature range characteristic of the material, and that in the softened state can be
shaped through the application of force.

4 Construction
4.1 General

4.1.1 Underground feeder and branch-circuit cable shall be designated as Type UF and shall comply in
all respects with the applicable requirements for construction details and test performance.
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4.2 Materials
4.2.1 Only materials that are acceptable for the use shall be employed in a cable.

4.2.2 Each of the materials used for the insulation, spacers, fillers, jacket, and other non-metallic parts of
a cable shall be resistant to fungi, moisture, and corrosion. In addition, each of the materials used as
insulation on the circuit conductors shall be acceptable for use in wet locations.

4.2.3 Polypropylene, PVC, and glass are known to be resistant to fungi and hence are acceptable in this
respect without exposure tests. Tests to determine the degree of resistance to fungi are to be made as
indicated in the Standard Practice for Determining Resistance of Synthetic Polymeric Materials to Fungi,
ASTM G21, on materials not known to have the requisite property. Cotton, paper, jute, hemp, and the like
are not acceptable whether treated or not.

4.3 Conductors

4.3.1 Only s¢ft-annealed copper, copper-clad aluminum, or an acceptable aluminum alloy
for the conduftor or conductors in a cable. Soft-annealed copper shall eomply with AS
aluminum conductors in size 12 — 8 AWG shall comply with the requirements for alumin
(aluminum-allgy conductor material). All other aluminum conductors shall.comply with the rec
semi-annealed 8000 series aluminum conductors in Section 10~0f UL 1581. Copper-c
conductors shall comply with the Requirements for Copper-Clad Aluminum Conductors Us
Wire in Section 12 of UL 1581. In a given cable, all conductors:shall be of the same metal.

4.3.2 The conductor in single-conductor cable shall notbe smaller than 14 AWG and shal
than 4/0 AWGQ]if of copper, and shall not be smaller than"12 AWG and shall not be larger th
of aluminum gr copper-clad aluminum. A copper circuit conductor in a multiple-conductor g
be smaller than 14 AWG and shall not be larger than 6 AWG. An aluminum or copper-c
circuit conducior in a multiple-conductor cable\shall not be smaller than 12 AWG and shall

than 6 AWG.
4.3.3 Single ponductors sized 14 — 8 AWG may be solid or stranded, and single conductors
AWG shall be|stranded. In multiplesconductor cable constructions, 14 — 10 AWG conductors

or stranded, a
comprise pum

nd 8 — 4/0 AWG(conductors shall be stranded. See 7.1.1 for single-conduct
b cables.

4.3.4 Ajoint|n a solid-cenductor or in one of the individual wires of a stranded conductor sh
a workmanlik¢ manner and shall not increase the diameter of the solid conductor, the i
strand, or the pverall stranded conductor AJomt shall not be made in a stranded conductor &

shall be used
TM B3. Solid
im-wire stock
uirements for
ad aluminum
ed in Building

not be larger
an 4/0 AWG if
able shall not
ad aluminum
not be larger

sized 6 — 4/0
may be solid
br cables that

all be made in
hdividual wire
s a whole but

shall be madeLb

@ coverings, if

any, are applied to an insulated conductor. The insulation applied to such jOII’ltS shall be equivalent to that
removed and shall have insulation-resistance and dielectric withstand-voltage characteristics complying
with the Standard for Thermoplastic-Insulated Wires and Cables, UL 83.

4.3.5 Conductors shall comply with the requirements in the Standard for Thermoplastic-Insulated Wires
and Cables, UL 83.

4.4 Insulation and coverings

4.4.1 The circuit conductors in a finished multiple-conductor cable that is marked "UF-B" shall not have
any surface marking of the ampacity or temperature rating and shall comply with one of the following:

a) NYLON JACKET OVER INSULATION — The insulation and the nylon jacket shall comply with
the thickness and other applicable requirements for Types THWN-2, THWN, and THHN
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thermoplastic-insulated wires. The markings "THWN-2", "THWN", "THHN", "THWN OR THHN",
and "-B" shall not be used.

b) NO NYLON JACKET — The insulation shall comply with the thickness requirements for a Type
TW thermoplastic-insulated wire complying with the requirements for both Type TW and THHN
insulation (tensile strength and elongation complying with Table 50.155 of UL 1581 and
deformation test conducted at 121.0 £1.0°C with a decrease of not more than 50 percent in the
thickness of the PVC insulation). The surface marking "-B" is optional on the insulation.

442

In all single- and multiple-conductor cables that are marked "UF" (without the suffix "-B"), the

insulation employed on the circuit conductor or conductors shall comply with the applicable requirements
for Type TW thermoplastic-insulated wire (the surface marking "TW" is optional on the insulation). In any

cable, an eq
and with the t

443 Thein
and minimu
finished cabl
measuremen
Insulated Wir

4.5 Alternatf

4.51 Anins
the PVC mat
insulation in S
be of a mater
feeder and brj
as described

ickness and other requirements stated in this Section for the circuit conduetor

ulation and jacket on single-conductor cable shall be integral with one anothe
-at-any-point thicknesses of the thermoplastic insulation determined on

shall not be less than indicated in Table 1. The method of prepating specimg
s, and determining compliance shall be as specified in the“*Standard for

s and Cables, UL 83.

ive materials

iance with 4.5

D.

r. The average
specimens of
ens, taking the
Thermoplastic

ulation or jacket that is of material genericallydifferent from PVC (new materi
brial specified in this Standard yet does nat,comply with the short-term tes
pecific Materials, Section 50 of UL 1581 ,*0r with the tests for the PVC jacket i
al and in thicknesses and with the temiperature rating required for the specifi
Bnch-circuit cable type. The materiakshall be evaluated for the requested tem
n the test, Dry temperature rating-of new materials (long-term aging test) of UL

), or that is of
for the PVC

}I
Table 2, shall

C underground
berature rating
2556.

ble using the
acket material
act, abrasion,

4.5.2 |Investigation of the electrical, mec¢hanical and physical characteristics of the ca

material shall{show the material to be'\comparable in performance to the PVC insulation or

specified in this Standard. The investigation shall include tests such as crushing, img

deformation, heat shock, insulation‘resistance and dielectric voltage-withstand.

4.6 Assembly of mutiple=conductor cables

4.6.1 Genenal

4.6.1.1 At Idast/two, but not more than three circuit conductors shall be used in a mulfiple-conductor

cable. In a given cable, all of the circuit conductors shall be of the same size.

4.6.1.2 An equipment grounding conductor in a multiple-conductor cable is acceptable, but not required.
An equipment grounding conductor shall not be part of a single-conductor cable.

4.6.2 Cabling methods

46.2.1

In multiple-conductor cable, the circuit conductors shall be laid parallel.

4.6.2.2 The metal of the circuit conductors in finished multiple-conductor cable, with or without an
equipment grounding conductor, shall be at least as far apart as indicated in Table 3. A spacer of
applicable material is an acceptable means of maintaining the separation.
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4.6.2.3 The insulated circuit conductor or conductors, any equipment grounding conductor, and any
insulation on the equipment grounding conductor shall be readily separable from one another and from the
rest of the finished cable without damage to the insulation, covering, or any other part of the cable.

4.6.3 Equipment grounding conductor

4.6.3.1 If an equipment grounding conductor is used in multiple-conductor cable, it shall be entirely in
one location in the cable, that is, it shall not be divided into two or more parts located separately or
distributed helically.

4.6.3.2 In multiple-conductor cable, the equipment grounding conductor shall be placed in the valley
between two of the circuit conductors. In all constructions in which a bare equipment grounding conductor
on. The cable

is used, this cltnductor shall be kept from coming into contact with circuit-conductor insulati

shall be cons
circuit conduct

4.6.3.3 The(

4.6.3.4 An equipment grounding conductor shall not be smaller than indicated in Table 4 or

4.6.3.5 Finis
firm exterior. H

4.7 Outer cd

4.7.1 Assem

4.7.2 The ph
cables shall ¢
material other

47.3 The ay

ucted so that the equipment grounding conductor maintains its location béf
ors.

olor of an insulated equipment-grounding conductor shall be as described in 6|

ween the two

1.2,

Table 5.

ned multiple-conductor cable shall be essentially voidsfree and shall have a s
illers may be integral with the jacket or may be separate.

vering on multiple-conductor cables
bled multiple-conductor cable shall be enclosed completely by a PVC jacket.

ysical properties of specimens of PVC jackets prepared from finished multi
bmply with the requirements_in Table 2. See 4.5.1 for the long-term evaluati
than PVC or of a PVC that:does not comply with the short-term tests specified

erage and minimumspoint thicknesses of the PVC jacket shall not be less tha

mooth, even,

ple-conductor
bn of a jacket
n Table 2.

n indicated in

Table 6. The method of preparing-specimens, taking the measurements, and determining compliance is

not specified however, in the @vent of disagreement, the referee method specified in 4.7.4 44.7.6 is to be
used.
4.7.4 The minimum average thickness and the minimum thickness at any point of the jacket on finished

multiple-condyctor cable are to be determined by means of a pin-gauge dial micrometer whose presser
foot exerts 25 2 gf'(0.25+£0.02 N) on a specimen. The pin is to be 0.437 inches (11.10 mm) Iqmg and 0.043
inches (1.09 mm) in diameter, and the rectangular end of the presser foot that makes contact with a
specimen is to be 0.043 inches (1.09 mm) wide and 0.312 inches (7.92 mm) long. Specimens 2 — 6 inches
(50 — 150 mm) long are to be cut from the finished cable and the metal circuit and equipment grounding
conductors are to be withdrawn (not the insulation). The ends of each specimen are then to be sliced off
perpendicular to the longitudinal axis of the specimen. The conductor insulation and any separable fillers
are then to be withdrawn leaving only the undeformed jacket.

4.7.5 For cable with separable fillers, a total of 16 measurements [each estimated to the nearest 0.1 mil
(0.001 mm)] is to be made (see upper drawing in Figure 1) at both ends of each specimen. For cable
having two circuit conductors and filler integral with the jacket, 10 measurements [each estimated to the
nearest 0.1 mil ( 0.001 mm)] are to be made (see center drawing in Figure 1) at both ends of each
specimen. For cable having three circuit conductors and fillers integral with the jacket, 12 measurements
[each estimated to the nearest 0.1 mil (0.001 mm)] are to be made (see lower drawing in Figure 1) at both
ends of each specimen. The specimen of the jacket is to be placed on the pin and so located on the pin
that the entire length of the presser foot makes contact with it. The presser foot is to be brought to rest
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gently on the specimen, and the reading [estimated to the nearest 0.1 mil (0.001 mm)] is to be taken
immediately. The presser foot is not to be in contact with the specimen while the latter is being rotated. The
16, 10, or 12 measurements at each end of each specimen are to be averaged, and the smallest of the two
averages for each specimen is to rounded off to the nearest 1 mil (0.01 mm) and is then to be compared
with the average thickness specified in Table 6. When the average for a specimen is less than the average
in the table, the cable is not acceptable.

4.7.6 The lowest single reading on either end of a specimen is to be rounded off to the nearest 1 mil
(0.01 mm) and compared with the minimum thickness at any point specified in Table 6. In the case of an
equipment grounding conductor in a cable with integral jacket and fillers, an additional measurement is to
be made as shown as 11 in the center drawing in Figure 1 or as shown as 13 in the lower drawing in Figure

1. If the minimum for a specimen is less than the minimum in the table, the cable is not acceptable.

4.8 Asseml

4.8.1 Single|
with or withg
considered ag
hold the ass
aluminum corf
other suitable
meets the fol

dielectric voltage withstand as indicated in the Standard for Thermoplastic-Insulated Wires g

83 after immg
tested for dig
Standard for ]
to be sparkec
continuity acd

5 Test Requirements

5.1 Genera

5.1.1 Every
5.2-5.13, as|

5.2 Contind

5.2.1 Each

lies that include single-conductor type UF cables

-conductor Type UF cables that individually comply with the requirements in
ut including other single-conductor cables, may be cabled into-assembli
cables) without overall coverings (an open, skeleton tape or wrap obviously in
bmbly together is acceptable) and without a bare or covered aluminum ¢
ductor (a bare copper conductor — size is not specified — that is acceptably co
metal may be included; such a conductor is not to be/covered) if the compl
owing requirements. Assemblies in which a bare gonductor is included are t

rsion in water for at least 1 h. Assemblies in which a bare conductor is not in
lectric voltage withstand (1 h or longer immersion) or spark tested as in
'hermoplastic-Insulated Wires and Cables, UL 83 (each layer in a multiple-lay|

separately). Each 14 — 8 AWG conductor in an assembly is to be individu
prding to 5.2 after the assembly is completed.

applicable.
ity

ircuit.conductor and any equipment grounding conductor shall be continuous

this standard,
s (not to be
tended only to
r copper-clad
hted with tin or
bted assembly
b be tested for
nd Cables, UL
cluded may be
dicated in the
er assembly is
ally tested for

ength of finished(insulated conductor shall be capable of complying with the r¢quirements of

hroughout the

entire length

f-the finished cable aor nccnmhly Einished Qinglpmnndnr‘fnr cahle _and fini

shed multiple-

conductor cables and assemblies shall be tested for continuity of each 14 — 10 AWG conductor by the

manufacturer

at the factory.

5.2.2 Compliance shall be determined according to 8.2.1.

5.3 Vertical

5.3.1

flame test

Finished single-conductor cable, finished multiple-conductor cable shall not convey flame, continue

to burn for more than 60 s after five 15 s applications of a standard test flame, and drop flaming particles
that ignite cotton.

5.3.2 Compliance shall be determined according to 8.3.1.
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5.3.3 Where multiple-conductor cable is being tested, two specimens 18 inches or 455 mm long are to
be cut from a sample length of the finished cable. The insulated circuit conductors are to be removed from
one of the two specimens, and any glass covering over the insulation is to be removed before the
conductors are tested. The other specimen is to be tested with the conductors in place.

5.4 \Vertical-tray flame test

5.4.1 The range of sizes 14 — 6 AWG of finished multiple-conductor cables that are marked (see 6.1.7 —
6.1.9) for use in cable trays are acceptable where the insulation and jacket on the 14 or 12 AWG size
containing two circuit conductors, with or without an equipment grounding conductor, do not exhibit
damage that reaches the upper end of any sample after two sets of samples are separately installed in a
vertical ladder type of cable tray and subjected to 20 min of flame.

5.4.2 Compliance shall be determined according to 8.4.

5.5 Dielectric voltage-withstand test

5.5.1 Afterin
finished cable
essentially sin
shall be appli
multiple-condy
any equipmen

5.5.2 Compl
5.6 Tension
5.6.1 Finishg
imparted by a
point, or shoy
specimen leng

5.6.2 Compl

5.7 Unwindi

571 After
conductor cab
5.7.2 Compli

mersion in water at room temperature for 24 hr and, while stillimmersed, spe
wound around an earth-grounded metal mandrel shall withstand for 60 s
usoidal rms potential of 5000 V. The potential in the case of single-conduct
ed from the conductor to the earth-grounded wateryand mandrel and, in
ctor specimens, from each conductor (separatelyj to'the other conductor or
I grounding conductor, and to the earth-grounded.water and mandrel.

ance shall be determined according to 8.5.
and elongation test

d multiple-conductor cable shall"be capable of withstanding the applicatiorn
weight that exerts 300 Ibf. (1334 N or 136 kgf) for 60 s without parting, oper
ing a permanent elongation of more than 1 in per foot (5 mm per 60 m
th.

ance shall be determined according to 8.6.
Ing test atlow temperature

cooling for 4 h to minus 25.0 +2.0°C, each component of finished single-

cimens of the
h 48 — 62 Hz
or specimens
each case of
onductors, to

of a tension
ing up at any
m) of original

and multiple-

es shall remain undamaged after the low-temperature unwinding.

ance shall be determined according to 8.7.

5.8 Pulling-through-joist test

5.8.1

After being pulled through joists, multiple-conductor cable with a nonintegral jacket and web shall

maintain the minimum acceptable separation between circuit conductors shown in Table 3 and, if an
equipment grounding conductor is used, the equipment grounding conductor shall not move directly
between the circuit conductors, and the metal of the equipment grounding conductor shall not touch
circuit-conductor insulation.

5.8.2 Compliance shall be determined according to 8.8.
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5.9 Impact test

5.9.1 Finished 6 AWG single-conductor cable, finished multiple-conductor cable containing two 14 or 12
AWG copper circuit conductors with or without an equipment grounding conductor, and finished multiple-
conductor cable containing two 12 AWG copper-clad aluminum or aluminum circuit conductors with or
without an equipment grounding conductor shall withstand the impact energy and subsequent application
of an rms potential of 6000 V (dielectric voltage-withstand test required only for multiple-conductor cable)

indicated in Table 7.

5.9.2 Compliance shall be determined according to 8.9.

5.10 Crushing resistance test

5101 Ana
AWG copper,

erage force of not less than 1700 Ibf (7562 N or 771 kgf) shall be needed.to'c
copper-clad aluminum or aluminum single-conductor cable. The results shall

representativg of the performance of all 14 — 4/0 AWG single-conductor cables.

5.10.2 Ana
less than 120
on flat cable
an equipmen
AWG multiple

erage crushing force of not less than 4500 Ibf (20017 N or 2041.kgf) applied fl
D Ibf (5338 N or 544 kgf) applied edgewise shall be needed to’crush a flat cab
ontaining two 14 or 12 AWG copper or 12 AWG aluminum’circuit conductors
grounding conductor shall be considered representative of the performanc
-conductor flat cables containing two or three circuit/conductors with or without

grounding copductor.

5.10.3 Com
5.10.4 Com
5.11

5111
aluminum cir
overload curr
potential of 5(

5.11.2 Com

Overload test

cuit conductors with_or without an equipment grounding conductor shall
ent of 40.0 A and subsequently shall withstand a 48 — 62 Hz essentially
00 V applied for60’s.

bliance with-5.11.1 shall be determined in accordance with 8.13.

5.12 Sunlig

bliance with the requirements in 5.10.1 shathbe determined according to 8.10.1.

bliance with the requirements in 5.10.2sshall be determined according to 8.10.4

rush finished 6
be considered

atwise and not
le. The results
with or without
p of all 14 — 6
an equipment

Finished cables containing twoor three 14 AWG copper or 12 AWG copper-clad aluminum or

withstand an
sinusoidal rms

rt resistance test

5.12.1

The ratio of the average tensile strength and ultimate elongation of five conditioned specimens to

the average tensile strength and ultimate elongation of five unconditioned specimens shall be as follows:

a) 0.85 or more for specimens from cable whose outer surface is marked "sunlight resistant" in
accordance with 6.1.6. The specimens shall be conditioned for 300 h of xenon-arc exposure.

b) 0.80 or more for specimens from cable whose outer surface is marked "sunlight resistant, for CT
use" or "sunlight resistant, for use in cable trays " in accordance with 6.1.7. The specimens shall be

conditi

oned for 720 h of xenon-arc exposure.

5.12.2 Compliance shall be determined according to 8.12.
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5.13 Durability of ink printing

5.13.1 Printing on the finished wire shall remain legible after being conditioned in accordance with 5.13.2
and 5.13.3.

5.13.2 One of the specimens shall be aged in a forced air-circulating oven; the other left at room
temperature for 24 h in still air at 23.0 £5.0°C before being tested. The time and temperature shall be in
accordance with the forced air-circulating oven aging conditions corresponding to the rated temperature
printed on the outer surface of the insulation or jacket material. The specimen shall then be removed from
the oven and kept in still air to cool to room temperature for 60 min before being tested.

5.13.3 The temperature and time for accelerated aqging in circulating-air oven for conditioning shall be as
specified in Taple 11 of UL 83 for the insulation and as specified in Table 6 of this Standard-for the jacket.

5.13.4 Compgliance with 5.13.1 — 5.13.3 shall be determined in accordance with 8.11.

6 Markings

6.1 Markingp on product

6.1.1 All printing on the outer surface of finished cable or anywhere within a cable shall be repeated at
the following intervals throughout the length of the cable:

a) Size|shall be repeated at intervals that are not longer'than a nominal 24 inches (610 mm).

b) The|marking in 6.1.11 for identification of copper-clad aluminum shall be repeatgd at intervals
that arI not longer than 6 in (150 mm).

c) All information other than size and the identification of copper-clad aluminum shall be repeated
at interpals that are not longer than 40.in (1.02 m).

d) Datg of manufacture by month and year (or in the sequence month, day and year)/ if not marked
on packaging according to 6.2.8.

6.1.2 An insplated conductor,intended for use as an equipment-grounding conductor shall be green
throughout thg entire length.and circumference of its finished outer surface with or withouf one or more
straight or helital, continuous or non-continuous yellow stripes. See 6.1.5 for details on stripgs. In the case
of the flat, webbed, cable that includes an insulated equipment-grounding conductor, the equipment
grounding conductor shall be identified as such either as indicated above in this paragraph or by means of
readily legible| durable ink printing of "grounding only" or an equivalent wording on the outersurface of the
finished conductor:

6.1.3 An insulated conductor intended for use as a grounded circuit conductor shall be white or gray
throughout the entire length and circumference of its finished outer surface, or shall be identified by three
continuous straight or helical, white or gray stripes on other than green insulation, along its entire length.
See 6.1.5 for details on stripes. Straight stripes are to be placed a nominal 120° apart. Where multiple
grounded circuit conductors are used in a cable, no more than one shall employ white or gray stripes. A
white or gray conductor intended for use where different systems are installed in the same raceway, box,
gutter or other wiring enclosure shall have a raised tracer or one or more continuous or non-continuous
straight or helical stripes that are of even or varying width and of a contrasting color other than green (see
6.1.5).

6.1.4 An insulated conductor intended for use as an ungrounded insulated circuit conductor shall be
finished to show a color or combination of colors other than and in contrast with white, gray, and green.
The outer surface so colored also complies with the intent of this requirement where it contains any one of
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the following throughout the length of the cable in a color or combination of colors other than and in
contrast with white, gray, and green:

a) One or more continuous or non-continuous straight or helical stripes.

b) An unbroken series of identical hash marks or other symbols with dimensions as specified for
stripes and with regular spacing.

c) Numerals, letter, words, or a combination thereof that comply with this Standard.

See 6.1.5 for details on stripes.

The markings

coverad-in-thic naraaranh chall nat conflict or he-confused with anv of tho
66V erea——tHs—paragraph-—ShanRot+-6eRHHEHBB -6 HSea—WHHRaR/-B+e

aother markings

required or ot

6.1.5 Stripe
70 percent of]
case of a yell
of the finisheg
percent of th
non-continuo
length of eac
greater than 3

6.1.6 Cable
outside surfad

6.1.7 The dgsignation "sunlight resistant, for CT.use" or "sunlight resistant, for use in cabl¢g

marked on th
with or withod
conductors w
5.4 and with
FT4/IEEE 12(

6.1.8 The d
finished 14 —|
grounding co
equipment gr
for sunlight rg
the cable is t

J

herwise covered in this Standard.

5 as specified in 6.1.2 — 6.1.4 shall be of even or varying width and shallloccup
the calculated circumference of the outer surface of the finished insulated cq
bw stripe(s) or a total of 15 — 70 percent of the calculated circumference of thg
insulated conductor in the case of white or gray stripes, with*ne’individual wi
t same circumference. The width shall be measured perpendicular to each
s stripes are appropriate, they shall consist of a series of identical marks ar
h mark shall be at least 1/8 inch (3 mm) and the lin€ar 'spacing between mar!
/4 inch (19 mm).

e of the cable consisting of the words "suhlight resistant".

e outer surface of finished 14 — 6 AWG cables that contain two or three cirg
t an equipment grounding conductor if finished cable containing two 14 or 1
th or without an equipment grounding conductor complies with the flame tests
the 720 h sunlight-resiStance requirements in 5.12.1. Where the cable is
2 Vertical tray flame test, the cable may additionally be marked "FT4/IEEE 12(

6 AWG cables that contain two or three circuit conductors with or without
nductor if finished cable containing two 14 or 12 AWG circuit conductors with
bunding conductor complies with the flame tests referenced in 5.4, but have n
sistance or do not comply with the 720 h sunlight-resistance requirements in
bsted/to the FT4/IEEE 1202 Vertical tray flame test, the cable may additiona

y a total of 5 —
nductor in the
outer surface
jth less than 5
stripe. Where
d spaces, the
s shall not be

that complies with the 300 h test requiremenis‘in 5.12.1 may have a durable marking on the

trays" may be
uit conductors
2 AWG circuit
referenced in
tested to the
2" or"FT4".

bsignation "for €T-use" or "for use in cable trays" may be marked on the oulter surface of

an equipment
or without an
pt been tested
5.12.1. Where
lly be marked

"FT/IEEE 12

6.1.9 Single

Y [l mim o L1
~— T T L Y

-conductor cable shall not be marked for use in cable trays.

6.1.10 Finished cable shall have a durable marking on the outside surface of the cable consisting of the

following:

a) The letters "UF-B" for multiple conductor cable with 90°C insulation and "UF" for all other
multiple-conductor cable and for single-conductor cable (only one type-letter designation shall be
marked on any cable);

b) The AWG size and number of the insulated circuit conductors (the number of conductors is not
required on a single-conductor cable);

c) The

maximum working potential "600 volts" or "600 V"; and


https://ulnorm.com/api/?name=UL 493 2023.pdf

14

UL 493

NOVEMBER 7, 2023

d) The name of the cable manufacturer, that cable manufacturer's trade name for the product, or
both, or any other acceptable distinctive marking by means of which the organization responsible
for the cable can readily be identified. When the organization that is responsible for the cable is
different from the actual manufacturer, both the responsible organization and actual manufacturer
shall be identified by name or by appropriate coding such as by trade name, trademark, the
assigned electrical reference number, or the assigned combination of colored marker threads. The
meaning of any coded identification shall be made available. A private labeler may also be
identified.

No surface markings shall include temperature or ampacity rating.

6.1.11
conductor cab
single-conduc
throughout the
designations:

a) "AL
b) "ALl
¢) "CU-

d)"CO

In the cases o
orange stripes
the conductor
Wherever use
shall be mea
conductor cirg
finished condd
calculated cirg
identification (¢
orange stripes
AWG size des

6.1.12 Embd
PVC integral i
cables are no

The outer surface of the insulation on each copper-clad aluminum conductor in a multiple-

e and the outer surface of the integral insulation and jacket on each copper-g
or cable shall be durably and legibly printed at intervals not exceeding 67inc
entire length of the cable with the AWG size of the conductor and withyone o

CU-CLAD)":
JMINUM (COPPER-CLAD)";
CLAD AL"; or

PPER-CLAD ALUMINUM".

a single-conductor cable and a circuit conddctor in a multiple-conductor cablg
of even or varying width are acceptable,in-place of or in addition to the word id
metal. One or more orange stripes shall not be used on an equipment ground
d, one or more orange stripes shall ‘be straight and shall occupy a total wid
sured perpendicular to the longitudinal axis of each stripe, not necessaril
umference — of 5 — 70 percent of the calculated circumference of the outer

ctor or single-conductor cable and an individual width that is not less than 5
umference of the finished-outer surface. One or more orange stripes used in
f the conductor metal may be broken only by the AWG size designation.

used in addition"teword identification of the conductor metal may be brokg
gnation and the work identification of the conductor metal.

ssed (raised) lettering is acceptable. Indent printing is acceptable if the thick]
hsulation-and jacket on single-conductor cables and if the PVC jacket on multi
reduced below the average and minimum at any point shown in Table 1 a

lad aluminum
hes (150 mm)
f the following

, one or more
entification of
ng conductor.
h — the width
y around the
surface of the
bercent of the
place of word
One or more
n only by the

nesses of the
ple-conductor
nd Table 6 as

being the thinn

estiacceptable. Ink printing is acceptable.

6.1.13

If the organization responsible for the product produces a cable or cables covered in this standard

in more than one factory, each of that organization's finished Type UF cables shall have a permanent
distinctive marking throughout its entire length by means of which the finished cable can be identified
readily as the product of a particular factory. Except in the case of single-conductor cable, the identifying
marker for the finished cable shall not be located under the insulation.

6.1.14 The organization responsible for the insulated conductors, if other than the organization
responsible for the finished cable, may use indelible ink printing on the surface of each of the insulated
conductors as the means for its identification and the factory identification. Such printing shall appear in
conjunction with the identification of the organization responsible for the cable and shall appear at the
intervals mentioned in 6.1.1. The printing shall consist of an identification of the organization responsible
for the circuit conductors and an identification of the factory (if the organization operates more than one).
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No other wording or identification of the organization responsible for the circuit conductors shall appear in
the printing.

6.2 Markings on package

6.2.1 A tag on which the following information is indicated plainly (the sequence of the items is not
specified) shall be attached to every shipping length of finished cable. Where the cable is wound on a reel
or coiled in a carton, the tag may be eliminated and the information printed or stenciled directly onto the
reel or carton. Other information, where added, shall not confuse or mislead (see 6.2.5 — 6.2.7) and shall
not conflict with these requirements. See 6.2.8 for date marking.

a) "600 volts" or "600 V".

b) Thg name of the cable manufacturer, that manufacturer's trade name for the catLIe, or both, or
any other appropriate distinctive marking by means of which the organization reSppnsible for the

cable
the ac
identif;
electri
of any

is app

c) The
multip

d) The

e) Ver

6.2.2 Ifan 4
followed by th
cartons.

6.2.3 If a cd
wherever the
(CU-CLAD)",

6.24 Ifacd
size appears
The word CO

s readily identifiable. Where the organization that is responsible for the cable ig
tual manufacturer, both the responsible organization and the actGalmanufa
ed by name or by appropriate coding such as by trade name;*trademark,
Cal reference number, or the assigned combination of colored marker threads
coded identification shall be made available by the organization responsible f
opriate also to identify a private labeler; the means is not specified.

marking "UF-B" for multiple-conductor cable with 90°C insulation and "UH
e-conductor cable and for single-conductor cable(see 6.1.12).

AWG size of the circuit conductors and the.quantity of circuit conductors.

fy terminations are suitable for use withithe conductor material.

luminum conductor or conducters)are used, the AWG size of the circuit cond

pper-clad aluminum\conductor or conductors are used, the AWG size of tf
size appears (onthe tag, reel, or carton), shall be followed by one of the des
'ALUMINUM (COPPER-CLAD)", "CU-CLAD AL", or "COPPER-CLAD ALUMIN

mpact-stranded copper conductor is used, the AWG size of the conductor
(on the.tag, reel, or carton) — shall be followed by COMPACT COPPER or G
MPACT may be abbreviated CMPCT.

different from
Cturer shall be
the assigned
The meaning
or the cable. It

" for all other

ictors shall be

e word "aluminum" or the abbreviation "AL" shall appear in the marking on tags, reels, and

e conductors,
ignations, "AL
uM".

wherever the
OMPACT CU.

6.2.5 A current or temperature designation shall not be included in the marking on the tag, reel, or
carton.

6.2.6 The tags, reels, and the like may indicate the conductor type-letter designation, but such
designation, if used, shall follow and be separated from the required markings cited in 6.2.1. The
conductor type-letter designation may be marked on the outside surface of each insulated circuit
conductor in multiple-conductor cable that are marked "UF" but not in those marked "UF-B". Wherever the
cable type-letter designation appears, no other letters, figures, or symbols shall appear in conjunction with
the cable type letters.

Note: This requirement is intended to indicate that a clear marking of the cable type-letter designation is required and that the use of
suffix letters, numerals, or other symbols in proximity to the type letters is precluded where such use would be confusing in any way.
In the legend on a cable, for example, "UF-B 8 AL" is not acceptable, but "UF-B — 8 AL" is acceptable.
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6.2.7 The markings on coils, reels, and cartons of flat UF-B cables, containing 14 — 10 AWG copper
circuit conductors, or 12 — 10 AWG copper-clad aluminum or aluminum circuit conductors, or on the tags
attached thereto, may include the statement "Also for use as Type NMC-B cable" or "Also for use as NMC-
B cable" if the added statement is separated from (and preferably follows) the required markings indicated
in6.2.1.

6.2.8 The date of manufacture by month and year (or in the sequence month, day, and year) shall be
included among the tag, reel, or carton markings described in 6.2.1, or shall be included among the cable
markings described in this Standard where legible on the outer surface of the cable. The date shall be
shown in plain language, not in code.

6.2.9 A statement shall appear on tags, and on all reels, cartons, and other packaging containing the
circuit conducfors to indicate that the conductors contained therein are intended for further-prpcessing.

7 Deep-Well Submersible Pump Cable

7.1 Conductors

hersible water
b copper or 12

7.1.1  The cirpuit conductors in a cable for use within well casings for witing deep-well subn
pumps shall consist of single-conductor Type UF cables having solid or stranded 14 — 2 AW(Q

— 2 AWG alu
stranded.

712 An eq
conductor shg
circuit conduc
circuit conduct

7.1.3 SeebH
does not comy

7.2 Assemb

7.2.1 Thecir

a) Two
(length
jacket

minum or copper-clad aluminum conductors. Circuit,‘conductors 1 — 4/0 A

Lipment grounding conductor is not required. Where used, an equipme
Il consist of a fully insulated solid or stranded conductor that is of the sam
ors, is of a size that is not smaller than\indicated in Table 8 or Table 9, for th
or used, and is identified as indicated;in'6.1.2.

or the long-term evaluation of aninsulation or jacket material other than PVC
ly with the specified short-termtests.

ly
cuit and equipmentgrounding conductors shall be assembled in one of the foll

through six<circuit conductors plus any equipment grounding conductor are
of lay not'specified) with an overall covering. The overall covering shall con
complying with the requirements in this Standard, including the jacket thickng

WG shall be

nt grounding
e type as the
e largest size

br of PVC that

bwing ways:

to be cabled
sist of a PVC
sses in Table

10, for the\largest size circuit conductor used, and the physical properties in Table 2.

b) Two through six circuit conductors plus any equipment grounding conductor are to be cabled
(length of lay not specified) without an overall covering.

c) Two or three circuit conductors plus any equipment grounding conductor are to be laid flat and
parallel to one another with an interconnecting web between adjacent conductors extruded
simultaneously with the insulation and jacket. Polarity identification of each circuit conductor shall
be present and shall consist of ridges, surface striping, or word printing. The minimum thickness at
any point of the integral insulation and jacket on each circuit conductor and any equipment
grounding conductor after separation shall not be less than the minimum thickness at any point
indicated for the integral insulation and jacket of single-conductor Type UF cable of the same
construction.

d) Two or three circuit conductors plus any equipment grounding conductor are to be laid flat and
parallel to one another with a nonintegral, overall PVC jacket complying with the requirements in
this Standard, including the jacket thicknesses in Table 10 and the physical properties in Table 2.
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There shall be an interconnecting web between adjacent conductors. The web shall be integral
with the jacket. The thickness of the web is not specified.

7.3 Marking

7.3.1 In addition to the applicable markings required in Markings, Section 6, the markings in 7.3.2 - 7.3.4
shall apply.

7.3.2 The outer surface of the overall covering on a pump cable of any of the constructions detailed as
specified in 7.2 (a), (c), and (d) shall be durably and legibly marked "submersible pump cable". If each
circuit conductor is not surface-marked with its type-letter designation, the marking on the outer surface of

the pump cable shall include the conductor type letters.

7.3.3 Thes
cable may be
surface of ea(

7.3.4 Forsu

rface of single-conductor Type UF cable intended to be used in submersib
durably and legibly marked "pump cable". In a pump cable without an overa
h circuit conductor shall be durably and legibly marked with the conpddctor typs

bmersible water-pump cable the tag shall also include the following wording: '

the well casing for wiring deep-well water pumps where the cable is fhot’subject to repsg

caused by fre
7.4 Tests

The complete
8 Test Meth
8.1

Genera

The test meth
presented in §

8.2 Continu

8.21
2556.

Testin

8.2.2 Forth

Huent servicing of the pump units."

d cable shall be subjected to the tests in Test,Requirements, Section 5.

ods

ods for determining compliarice with the requirements in Test Requirements,
.2 — 8.13.

ity test

) shall be performed in accordance with the test, Continuity, Method 2 (eddy

p factory production continuity testing, the manufacturer may elect to substitut

e water pump
| covering, the
letters.

For use within
titive handling

Section 5 are

current) in UL

e a continuous

eddy-current

procedure as indicated in the test Continuity, Method 2 (eddy current). in UL 25

56.

8.3 \Vertical

8.3.1

flame test

Compliance shall be determined by cutting two specimens 18 inches (455 mm) long from a sample

length of the finished cable, and removing the insulated conductors from one specimen and testing the
conductors individually. An additional specimen shall be tested as a complete cable.

8.3.2 Testing shall be conducted according to the test, FV-1/Vertical Flame, in UL 2556.

8.4 \Vertical-tray flame test

8.41
"FT4/IEEE 12

02 Type of Flame Exposure" (smoke measurements are not applicable).

Testing shall be performed according to UL 1685, as indicated under "UL Flame Exposure" or


https://ulnorm.com/api/?name=UL 493 2023.pdf

18 UL 493 NOVEMBER 7, 2023

8.5 Dielectric voltage-withstand test

8.5.1 The apparatus is to consist of an immersion tank; a set of metal mandrels, each a right-circular
cylinder having a diameter equal to seven times the diameter or length of minor axis of the cable with
which it is used; and a supply circuit, circuit breaker, and voltmeter as described in 8.5.2.

8.5.2 The rms test potential is to be obtained from a 48 — 62 Hz supply whose output potential is
continuously variable from near zero to at least 5000 V at a rate that is not greater than 500 V/s. With a
specimen in the circuit, the supply potential is to have a crest factor (peak voltage divided by rms voltage)
equal to 95 — 105 percent of the crest factor of a pure sine wave over the upper half of the output range.
The supply voltage is to be monitored continuously by a voltmeter that, if of the analog rather than digital
type, shall have a response time that does not introduce a lagging error greater than 1 percent of full scale
at the specified rate of increase in voltage, and that has an overall accuracy that does nolintroduce an
error exceeding 5 percent. The maximum current output of which the supply is capable iSto‘g¢nable routine
testing of full reels of the cable without tripping of the circuit breaker by the charging current.

8.5.3 A spedimen of finished cable of a length for making seven or more turns around the applicable
diameter of mandrel plus 28 inches (711 mm) is to be opened at each end_so that the ingulated circuit
conductors extend 4 inches (102 mm) from the rest of the cable. The insulation is not to bg damaged. At
one end of thg specimen, each of the circuit conductors and any equipment grounding condyctor are to be
bared for 1 ingh (25 mm) to facilitate connection to the testing circuit:The specimen of cablg is then to be
wound onto tHe mandrel starting at the center of the specimen and/winding simultaneously toward each
end. The endg are then to be secured so that not less than ax10-inch (254-mm) length of ¢able extends
away from the|mandrel at each of the coil. The specimen and\the mandrel on which it is woupd are then to
be immersed in tap water at room temperature for 24 h. During the immersion, the ends of the coil are to
extend at leasf 8 inches (200 mm) above the surface ofthe water, and care is to be taken that the ends do
not become wgt. After the coil has been immersed fori24 h, and while it is still immersed, the|potential is to
be increased from near zero at an essentially uniform rate in the range of 10 — 60 V/s. The|increase is to
continue in this manner until the voltage is 5000. If the 5000 V level is reached without a bifeakdown, the
voltage is to bg held constant at that level for 60 s and is then to be reduced to near zero at jan essentially
uniform rate ir] the range of 10 — 60 V/s.The cable is not acceptable if, during any application of voltage,
breakdown ocfurs in less than 60 s at 5000 V or while the voltage is being increased or decrgased.

8.6 Tensionfand elongation test

8.6.1 The apparatus is to_consist of a pair of clamps, a weight that exerts a pull of 300 Ibf (1334 N or 136
kgf), and a d|fferential<pulley or a block and tackle for raising the specimen and weight gently and
gradually. The| clamping arrangement shall be such that the cable is securely held in place so that there
isn't any slippdge-orbreakage at the clamps.

8.6.2 A specimen of finished cable approximately 4-1/2 ft (1.4 m) long is to be secured in the clamps so
that somewhat more than 36 inches (900 mm) of cable extends between the clamps. Two fine marks are
to be placed on the cable 36 inches (900 mm) apart, penciled lines on the surface of the cable at such
point are acceptable as markers.

8.6.3 The upper clamp is to be raised gently by means of the differential pulley or block and tackle until
the weight is supported by the specimen and is a short distance from the floor. The method to be used is
shown in Figure 2. The weight is to be supported in this manner clear of the floor for 60 s and then lowered
to the floor to release the tension. Sixty seconds after removal of the load, the distance between the marks
is to be measured again. The specimen is then to be examined for damage.

8.6.4 The cable is not acceptable if a specimen parts, opens up at any point, or shows a permanent
elongation of more than 1 inch per foot of original specimen length between the marks or more than 5
millimeters per 60 millimeters of the original specimen length between the marks. The interior of the cable
need not be examined
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8.7 Unwind
8.7.1 Prepa

8.7.1.1

ing test at low temperature

ration of specimens

Two straight specimens of a representative size from Table 11, at least 36 inches (1 m) long are

to be cut from a sample length of finished cable without bending the cut ends of the conductor or
conductors. The specimen chosen shall be representative of that size and larger conductor sizes.

8.7.2 Teste

quipment

8.7.2.1 The apparatus for this test is to consist of a mandrel 3/4 £1/64 inch (19 £ 0.4 mm) in diameter and

a chamber ¢
thermometer
to be provide

8.7.2.2 Mea
enables the

space below
or the walls o
the unwound
without dama

o

-+

r other means of continuous, accurate indication of the temperature in thele
, and its indications are to be clearly legible from outside the chamber.

s are to be provided for securing the mandrels within the cold chamber in
nwinding operation to be conducted in the chamber at the low temperature.
he mandrels to enable the weighted specimens to hang freelywithout touchir]
[ floor of the chamber as and after they are unwound. Space is to be provided
specimens from the opened chamber and their separation-from the mandrels f
pe or stress to the insulation in the course of the removal and separation.

8.7.2.3 Weights in accordance with Table 11 are to be provided.

8.7.3 Proce

8.7.3.1 The
wound onto th

8.7.3.2 Whil
be secured {4
adjacent turn
chamber. The
the cooling pe

8.7.3.3 Afte
weights attac
damaging the
the chamber.

dure

empty cold chamber is to be precooled to the low temperature before the s
e mandrels and put into the chamber.

e the specimens and the mandrels are at room temperature, one end of each

the mandrel and each( specimen is to be wound onto the mandrel for five
5 touching. The assemblies of mandrel and specimen are to be placed in
weight indicated in‘Table 11 is to be attached to each specimen and left attach
riod and during-the’unwinding.

the 4 h,<and while the chamber remains at the low temperature, the specir
hed) are fo be unwound from the mandrels at the rate of 4 — 6 turns per m
specimens, the weights are then to be detached and the specimens are to be

. An accurate
bld chamber is

a manner that
There is to be
g one another
for removal of
br examination

pecimens are

specimen is to
full turns with
the precooled
ed throughout

nens (with the
inute. Without
removed from

8.7.3.4 During the loading of the cold chamber and the unwinding of the specimens, the temperature in

the chamber i
8.7.4 Resul

8.7.4.1
8.7.4.2.

s not to rise above minus 22.0°C

ts

Two specimens are to be cut open and their interiors examined for damage as described in

8.7.4.2 Any cable from which a specimen exhibits inside or outside cracks, tears, splits, or other
openings or any internal cracking in the insulation or in the overall PVC jacket is not acceptable. Internal
cracks are those within the thickness of the insulation or jacket as evidenced by slight depressions
(checks) in the outer surface.
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8.8 Pulling-through-joists test

8.8.1 The joists are to be simulated by four straight, knot-free 6-inch (150-mm) or longer lengths of
Douglas fir 2-by-4 kiln-dried lumber [actual cross section measures 1-1/2 by 3-1/2 inches (38 by 89 mm)].
Both ends of each length are to be cut perpendicular to the long surfaces.

8.8.2 By means of a power wood auger, three holes, each 5/8 inch (16 mm) in diameter, are to be bored
(at a speed of approximately 1800 r/m) through the broad faces of each length of 2 by 4 as shown in
Figure 3. The longitudinal axes of the holes are to be parallel and at an angle of 15° to the horizontal, as
shown in the end view, and 1-1/2 inches (38 mm) apart. An attempt is not to be made to smooth or round

the edges of the holes or to remove splintered wood, sawdust, or drilling chips from the holes.

8.8.3 Asiillug
are to be supq
the test room

plane. The 2

(longitudinal &
horizontal dist
down from abg

8.8.4 A 250-
clad aluminun
and is at roon
removed from
on the floor t
containing the
and a vertical

of approximatgly 77° to the vertical. Typical dimensions are 23 inches by 100 inches (583 mn

shown in Figu
other cables.

8.8.5 One e
Figure 4. As ¢
from hole D is
cable emerge;
to pull (hand-
end of this len
is to be made|
would keep th

trated in Figure 3, an open, rigid, metal frame is to be provided on which four
orted on edge (width of broad faces vertical) approximately 8.5 ft (2.6 m).abo
with their center lines 16 inches (406 mm) apart and parallel to one another i
Dy 4's are to be secured to the frame with all of their holes inclingdiin the s
xes of holes parallel, see the four end views in Figure 4) and’ progress
ance of 6 inches (150 mm) as shown in the top view of Figure. 4, which is &
ve the 2 by 4's.

[t (75-m) coil of finished cable that contains two 14 or 12 AWG copper or 12
or aluminum insulated circuit conductors with or witheut an equipment ground
temperature and in its carton, is to be placed flat on the floor and the inner
the carton to make the inner end of the cable*accessible. The carton is to be

b make the vertical distance between the.bottom of the carton and the ho
centerlines (see Figure 3) of the 2 by 4's and the horizontal distance between
ine perpendicular to the center of the.carton such that the cable enters the joig

e 3 or 18 inches by 80 inches (457 mm or by 2.0 m) as used in low-tempera

d of the cable is to be threaded in succession through the holes labeled A, E
pon as the cable has.been threaded through the four holes, the end of the ca
to be grasped securely by one or two people standing on the floor in a position
5 from hole D at an angle of about 45° to the vertical. While maintaining this a

pth of cable-emerges from hole D. The cable is to be pulled through within 30 s
to uneoil, untwist, or otherwise straighten or adjust the cable except to rem
b cable from being pulled completely through the four holes. All of the pulling

pf the 2 by 4's
ve the floor of
h a horizontal
ame direction
ively offset a
view looking

AWG copper-
ing conductor
circle is to be
bositioned flat
rizontal plane
he first 2 by 4
ts at an angle
n by 2.5 m) as
fure testing of

B, C, and D in
ble emerging
such that the
ngle, they are

ver-hand whenever possible) 50 ft (15 m) of the cable entirely through the holes until the

| and no effort
bve kinks that
is to be done

from beyond h

ole D, none from between the 2 by 4's.

8.8.6 As soon as 50 ft (15 m) of the cable emerges from hole D, that initial test length is to be cut off and
set aside. The cable extending from hole D back through holes C, B, and A are to be cut off and discarded.

8.8.7 A second 50 ft (15 m) of cable from the coil is to be pulled through holes E, F, G, and H. As soon as
50 ft (15 m) of the cable emerges from hole H, that second test length is to be cut off and set aside. The
cable extending back through holes H, G, F, and E to the coil is to be cut off and discarded.

8.8.8 A third (and final) 50 ft (15 m) of the cable from the coil is to be pulled through holes |, J, K, and L.
As soon as 50 ft (15 m) of the cable emerges from hole L, the third test length is to be cut off and set aside.

8.8.9 The 36 inch (1 m) section of the cable that shows the most scuffing, abrasion, twisting, and/or
disturbance of the conductor configuration is to be cut from each test length. The most severely scuffed,
abraded, twisted, and/or disturbed portion of each test length is to be cut from the 36 inches (1 m) section.


https://ulnorm.com/api/?name=UL 493 2023.pdf

NOVEMBER 7, 2023 UL 493 21

The portion cut from the section is to be 10 inches (250 mm) long, with the scuffing, etc. occupying the
center of its length. These portions are to be examined at both ends for maintenance of the separation
measured between adjacent surfaces of the metal of the circuit conductors. If the separation is less than
indicated in Table 3, the separation is to be recorded as not acceptable. The jacket is to be slit
longitudinally along both of the curved edges of the cable and, with the portion lying flat on a horizontal
surface, the uppermost flat half of the jacket is to be lifted off to expose the interior of the cable. The cable
interior is not to be disturbed while the jacket is slit and its upper half is removed. If the cable contains an
equipment grounding conductor, the interior of the portion is to be examined for maintenance of the
position of the equipment grounding conductor. Spacers and fillers may be removed during this
examination. If the equipment grounding conductor has moved directly between the circuit conductors, this
result is to be recorded as not acceptable. If the metal of the equipment grounding conductor is touching
the insulation on a circuit conductor, this result is to be recorded as not acceptable. If any of the three

examinations
is to be cut fr
section(s) arg
Each addition
unacceptable

8.9 Impact

8.9.1 In acc
multiple-cond
where it is lai
The longitudir
to be in a hor
of 1-1/4 inche

8.9.2 Specimens of finished single-conductor cable are to be subjected to impact wit

replaced by a

8.9.3 Follow
removed fron
insulated equl
mm) in diame
each U-shape
rms potential
from near zer
manner until {
held constant
cable is acce

bm each cable test length from which unacceptable results were obtained: Th

to be the severely scuffed, abraded, twisted, and/or disturbed portions of'th
al section is to be examined as described in this paragraph. The cable’is ng
results are shown in any of the three examinations of any additionalsections.

est

brdance with the specifications shown in Table 7, eachief a number of specim
ictor cable is to be subjected to the impact energy of\a)weight falling freely to s
 over a steel mandrel that is 3/4 inch (19 mm).in diameter and rests on a sg
al axis of the cable is to be held perpendicularfo'the axis of the mandrel, and
zontal plane. A weight of steel in the form ofsa solid right-circular cylinder hay,
5 (32 mm) is to be used, and the flat end ef\the weight is to strike the cable.

flat steel plate of dimensions that-provide a firm base for the impact.

ing the impact on multiplesconductor cable, all coverings except the insula
the specimens without\damaging the insulation. Each insulated circuit cond
pment grounding canductor is then to be bent through 180° around a mand
ter with the portion-of'the wire that received the impact at the center of the ben
d specimen thys,formed is to be buried in lead shot and a 48 — 62 Hz essent
is to be applied between the shot and the metal conductor. The potential is tg
b at an essentially uniform rate in the range of 10 — 60 V/s. The increase is 1o ¢
he rms Voltage is 6000. If the 6000-V level is reached without breakdown, the
at thatlevel for 5 s and is then to be reduced to near zero at the rate mention

btable’ if breakdown occurs at less than 6000 V while the rms potential is bein

describedmthisparagraptrshrow-umacceptabteresutts;oneadditiorat-36-inch

(1 m) section
ese additional
e test lengths.
t acceptable if

ens of finished
trike the cable
lid steel plate.
both axes are
ng a diameter
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tion are to be
uctor and any
irel 1 inch (25
d. The bend of
ally sinusoidal
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oltage is to be
ed above. The
g increased or

decreased or

messtham 5 s at 60660V mnot more tham the mumber of imsutated conducto

the bottom row of Table 7.

rs indicated in

8.9.4 For single-conductor cable, unacceptable performance is to be recorded if a rupture of the PVC
occurs through which the conductor is visible or if, during the impact, the conductor contacts the flat steel
plate or the weight as indicated by a 3-W, 120-V, neon lamp connected in series with the conductor of the
specimen under test and the energized conductor of a 120-V, 48 — 62 Hz, AC supply circuit. The weight
and all metal parts of the impact apparatus are to be connected together, to earth ground, and to the
grounded supply wire.

8.10 Crushing resistance

8.10.1 Ten specimens of single conductor cable shall be tested according to the test, Crush Resistance
(Method 1), in UL 2556.
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8.10.2 Twenty specimens of finished flat cable, each of a convenient length, are to be tested. Each
specimen is to be placed between steel plates that are 2 inches (50 mm) wide, flat, and horizontal in a
compression machine, the jaws of which are to close at the rate of 0.50 £0.05 in/min (10 £1 mm/min). The
steel plates and any equipment grounding conductor are to be connected together and to earth ground.
The cable, the apparatus, and the surrounding air are to be in thermal equilibrium with one another at a
temperature of 23.0 £2.0°C throughout the test.

8.10.3 The specimen is to be subjected to an increasing force until contact occurs (as indicated by low-
voltage buzzer circuits) between two circuit conductors or between one or more circuit conductors and any
equipment grounding conductor, the earth-grounded frame of the testing machine, or both.

8.10.4 Ten specimens of flat cable are to be tested by applying the crushing force with the cable lying
flatwise betwegn the plates with the length of the cable parallel to the 2 inches (50 mm) dimgnsions of the
plates. The remaining ten specimens are to be tested by applying the crushing force with-the cable held
edgewise between the plates with the length of the cable parallel to the 2 inches (50, mm) flimensions of

the plates. In

direction abo
the case of e
plates.

8.10.5 The fi
cable is not a
5.10.2.

8.11

8.11.1 An 11
second specir
mm) in cross

parallel to one
to be notched
blocks and is {
kgf) is to be at
Any equipmen

e latter case, for each ftrial, the cable, with its axis horizontal and its)flat faceg vertical, is to
be gripped at |points 3 inches (75 mm) to each side of the section of cable tobe crushed jand manually
twisted by turning the cable 90° in opposite directions. The flat faces thus remain vertical a
and the opposijte flat faces are up and horizontal. Half of the ten specimens.are to be twisted

the axis, and the remaining five specimens are to be twisted in the opposit
ch edgewise specimen, the vertical flat faces of the{eable are to be at the

prce at which the contact mentioned in 8.10.2 0ccurs is to be recorded in ec
cceptable if the averages calculated from these forces are less than indicate

Overload test

Lt (3.35-m) specimen of finished cable is to be laid flat and tested on a horiz

section and of any convenient length. As shown in Figure 5, the blocks are
another and with their outer faces 8 inches (203 mm) apart. The outer edge of
to accommodate@steel rod 1/16 inch (1.5 mm) in diameter. The cable is to bg
b be bent down oyer the rods to form an inverted U. A weight that exerts 5 Ibf (
ached to each.end of the specimen and the circuit conductors are to be conne
t grounding-eonductor is not to be in the circuit.

ntof40.0 A is to be passed through the circuit conductors at low voltage fo

the midpoint
n a clockwise
e direction. In
center of the

ch case. The
d in 5.10.1 or

pntal board. A

nen of a convenient lengthnis to be tested on two wooden blocks 2 by 2 inches (51 by 51

0 be secured
each block is
e laid over the
2.2 N or 2.27
cted in series.

60 min, after

8.11.2 Acurte
which the spelimens are to cool to room temperature in still air without being disturbed.

8.11.3 The specimens are then to be coiled and immersed in tap water at room temperature with the
ends of the specimens projecting well away from the water. A 48 — 62 Hz essentially sinusoidal rms test
potential of 5000 V is then to be applied between pairs of the circuit conductors and, separately, also
between each circuit conductor and the water. The potential is to be increased from near zero at an
essentially uniform rate in the range of 10 — 60 V/s. The increase is to continue in this manner until the rms
voltage is 5000. If the 5000-V level is reached without breakdown, the voltage is to be held constant at that
level for 60 s and is then to be reduced to near zero at an essentially uniform rate in the range of 10 — 60
V/s. The cable is not acceptable if either or both specimens break down at less than 5000 V or in less than
60 s at 5000 V.
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8.12 Sunlig

8.12.1
UL 2556.

8.13 Durabi

8.13.1

ht resistance test

lity of ink printing

CSA C22.2 No. 2556 or NMX-J-556-ANCE.

Compliance shall be determined in accordance with the test, Weather (Sunlight) Resistance, in

Compliance shall be determined in accordance with the test, Durability of ink printing, in UL 25586,

Table 1
Minimumracceptabte-thicknessesofintegratinsutationandjacketon-singte=conductor cable
(See 4.4.3)
AWG sizel of Minimum average of PVC Minimum-at any point pf PVC
conducter mils mm mils. mm
14 - 10 60 1.52 54 1.37
8-2 80 2.03 72 1.83
1-4/0 95 2.41 86 2.18
Table 2
Physical propertiescof PVC jacket
[See 4.5.1, 4.722, 7.2.1 (a) and (d)]
Condition of specimens at time of Minimumtuitimate elongation [1 inch
meéasurement (25 mm) bench marks]® Minimum tensile|strength

Unaged

From cable mar

Aged in a force
240 h at 100.0 4

ked "UF-B":

air-circulating oven for
10°C

From cable not
letter "-B":

marked with the suffix

100 percent
[1inch (25 mm)]

Where the specimens are buffed and die-
cut, 45 percent of the result with unaged
specimens; where the specimens are
tubular rather than being buffed and die-
cut 65 percent of the result with unaged
specimens

1500 Ibf/in? or
10.3 MPa

70 percent of the result W

specimens

ith unaged

Aged in a forced air-circulating oven for
168 h at 100.0 +1.0°C

Where the specimens are buffed and die-
cut, 45 percent of the result with unaged
specimens; where the specimens are
tubular rather than being buffed and die-
cut, 65 percent of the result with unaged
specimens.

65 percent of the result with unaged

specimens

@ The methods of preparation of samples, of selection and condition of specimens and of making the measurements and
calculations for ultimate elongation and tensile strength are indicated under the heading "Physical Properties Tests of Insulation
and Jacket" in the Reference Standard for Electrical Wires, Cables, and Flexible Cords, UL 1581. Jacket specimens shall have all
conductors, insulation, and other parts removed. The cross-sectional area of an irregularly shaped tubular specimen of jacket from
a flat cable is to be computed by whichever of the following formulas is applicable:

Table 2 Continued on Next Page
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Table 2 Continued

Condition of specimens at time of
measurement

Minimum ultimate elongation [1 inch
(25 mm) bench marks]®

Minimum tensile strength

in which:

W,

A = 738G

A is the cross-sectional area of the specimens in square inches,

W, is the weight in grams of a 10-inch length of jacket, and

G is the

either dase, the specimen is to be dipped in alcohol as a wetting agent before the specimen is dipped into|water) or;

in which:

A is thel cross-sectional area of the specimen in square meters, square centimeters, or square millimeters|

. 4% 107°W,

Am = T
. 0.04m,
Acmr = —

, _ 4w,
Amm = ——

W, is the weight in grams of a 250-mm length of jacket; and

G is thq specific gravity of the PVC compound determined by one of the means noted above.

ed method (in
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Table 3
Minimum acceptable separation of circuit conductors in multiple-conductor cable with or without

an equipment grounding conductor

(See 4.6.2.2,5.8.1,and 8.8.9)

Measured between centers of the metal of the circuit conductors
Measured between adjacent
. surfaces of metal of the circuit Class B stranding or Compact-stranded aluminum
AWG size of Conductors compressed stranding
circuit
conductors inch mm inch mm inch mm
14-10 0.125 3.2 - - - -
8 0.328 83 0.313 8.0
6 - - 0.406 10.3 0.391 9.9
Table 4
Equipment grounding conductor in multiple-conductor cable with copper conductors
(See 4.6.3.4)
AWG size of circuit conductors Smallest acceptable size of equiment grqunding AWG
conductor
14 14
12 12
10 10
8% -6° 10

@ These conduc

ors are required to be stranded.

Table 5

Equipment grounding conductor.in multiple-conductor cable with aluminum or copper-clad
aluminum conductors

(See 4.6.3.4)
AWG size of Circuit conductors Smallest acceptable AWG size of equipmént grounding
conductor
12 12
10 10
8% -6° 8

@ These conductors are required to be stranded.
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