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INTRODUCTION

1 Scope

1.1 These requirements cover Type USE and USE-2 (below-ground) and Type SE (above-ground)

power cables for installation in accordance with Article 338 and other applicable parts of the National
Electrical Code (NEC). These cables are for the service-entrance and other (NEC) uses described in 1.4 —
1.8. In a multiple-conductor cable that is other than submersible-pump cable and does not have a
grounding conductor it is appropriate to have one circuit conductor without insulation. It is also appropriate
for a submersible pump cable to have a grounding conductor and for Type USE and USE-2 cables to have
an insulated grounding conductor. Each insulated conductor in these cables is rated for 600 V. Type USE
cable has thermoset insulation, except for the HDPE portion of HDPE-over-XL insulation where used for
single-condugtor Type USE cable. Type SE cable has thermoset or thermoplastic insulation.

1.2 These cpbles have insulation of solid, extruded dielectric material(s) that are fon use in wet locations
at 75°C (1679F) and lower temperatures. Cables that are marked with a conductortype that includes the
letters "HH" hpve insulation that is for use in dry locations at temperatures as high“as 90°C (194°F) as well
as in wet locations at 75°C (167°F) and lower temperatures. Cables that aresmarked with a ¢conductor type

that includes ['-2" have insulation that is for use in wet or dry locations at.iemperatures ag high as 90°C
(194°F).
1.3 Cables ¢ontaining any conductor that is of a metal other than copper are marked to idgntify the metal

USE-2 cables
num alloy or a
the aluminum

as aluminum|or copper-clad aluminum. Aluminum single-rated" (see 1.4) Type USE or
containing other than solid 12, 10 or 8 AWG conductor(s) ‘are of an EC-1350 grade alumi
registered AA-8000 series electrical-conductor-grade aluminum alloy. In all other cables,
conductor(s) are of a registered AA-8000 electrical-conductor-grade alloy only.

1.4 "Single-
submersible-|
individual con

the cable. Se¢ 40.4.

1.5 Type SH
letters alone
conductors th
test. Type SE
tray flame teg
Smoke-Relea
described in §

ated" Type USE cable is single-ednductor, jacketed or coverless multiple-g
ump cable without any indication of the conductor type letters on type
ductor(s), or on the tag, reel;lor carton. "USE" is the only type designation a

cables that are not'marked with conductor type letters or are marked with ¢

onductor, and
cable, on the
ssociated with

onductor type

"XHHW", "RHW",Yor "RHH OR RHW" not followed by "cdrs" or the like) have insulated

at do not comply with the Thermoset-Insulated Wires and Cables, UL 44, h
cables thatware ' marked for use in cable trays comply with a 70,000 Btu/h (20.
t as destribed in Sections 4 — 11 of the Standard for Vertical-Tray Fire-Pr
se Test for Electrical and Optical-Fiber Cables, UL 1685 or the FT4/IEEE 120

brizontal flame
5 kW) vertical-
bpagation and
P flame test as

ections 12 — 19 of UL 1685. Smoke measurements are not applicable. See 31|1.

1.6 The outer surface of each single- and multiple-conductor cable that is marked for sunlight-resistance
use and the outer surface of each Type SE cable that is marked for sunlight-resistance use in cable trays
complies with a 720 h sunlight-resistance test. Each insulated conductor under an overall covering on
such multiple-conductor cable complies with a 300 h sunlight-resistance test. All other cables are not
marked "sunlight resistant" however they comply with a 300 h or equivalent (see 30.3.2) sunlight-
resistance test (each insulated conductor complies and, except in the case of submersible pump cable,
any overall covering also complies).

1.7 Type USE and USE-2 cables are single-conductor in sizes through 2000 kcmil or are flat or round
multiple-conductor in sizes through 4/0 AWG copper, 300 kcmil aluminum or copper-clad aluminum
jacketed and through 2000 kcmil coverless. Type USE and USE-2 cables are not required to comply with a
cable flame test. Jacketed multiple-conductor Type USE and USE-2 cables have 1 — 5 insulated
conductors of the same size with or without an uninsulated grounded conductor that, in some cases, is
smaller than the insulated conductors. It is appropriate to include one insulated equipment-grounding
conductor that is in some cases smaller than the circuit conductors in a cable with no uninsulated
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conductor. Coverless multiple-conductor Type USE and USE-2 cables have two or more (no limit)
insulated conductors of the same size with or without a grounded conductor that bare (in round or flat
cable) or insulated (in round cable) and, in some cases, is smaller than the other conductors. Coverless
multiple-conductor Type USE and USE-2 cables with a bare conductor are tag marked to restrict the cable
to direct burial (no covering to protect the bare conductor during and after duct and pole installations).
Single-conductor Type USE and USE-2 cables that are not larger than 4/0 AWG copper, 300 kcmil
aluminum or copper-clad aluminum and multiple-conductor jacketed and coverless Type USE and USE-2
cables without an uninsulated or bare conductor are for use as Type USE or USE-2 and also are for use
underground as Type UF cable would be used however are not marked "UF". All single-conductor Type
USE and USE-2 cables and the following multiple-conductor Type USE and USE-2 cables are for direct-
burial and underground-duct service-entrance uses and are eligible to be terminated on a utility pole
where each conductor and any overall jacket are exposed to the weather and not subject to physical
damage:

a) Jac
condud

b) Cov

1.8 Submerg

eted multiple-conductor Type USE and USE-2 cables with or without”a
tor.

brless multiple-conductor Type USE and USE-2 cables without a bare conduct

Type USE ca
tested for su
pump cable i
aluminum or
a grounding
conductors ar
casings for wi
surface marke
so marked. As
A coverless, ¢
appropriate fo
cable assemb

1.9 Type SE
aluminum or

ible-pump cable (four varieties are described in 19.1) is @an-assembly of sin
les that are eligible to be individually surface marked "pump cable". The as
light resistance however each of its conductors isse‘tested and complies.
flat or round and is multiple-conductor in sizes through 4/0 AWG copp|
pper-clad aluminum with all conductors insulated. It is appropriate for one cq
onductor that, in some cases, is smaller than the circuit conductors. All

of the same size. This cable has a tag marking stating that the cable is for U
ing deep-well submersible water pumps, Each conductor in a coverless, cabl¢
d as Type USE, and each conductor inrany other pump-cable assembly is elig
semblies other than those that are-coverless are surface marked "submersible
bbled assembly without a grounding conductor is appropriate for use as Type
 use underground as Type UE cable however it is not to be marked "UF". A
ies are for use only as submersible-pump cable.

cable is a flat or round multiple-conductor cable in sizes through 4/0 AWG cop
copper-clad aluminum and has an overall nonmetallic covering. All of

conductors arg of the same size. This cable complies with a cable flame test.

1.10 These
MV). Type MG
MV cables (5,

equirements do not cover metal-clad cables (Type MC) or medium-voltage
cables. (600 V and 2 kV) are covered in the Standard for Metal-Clad Cables, |
8,:45,°28, and 35 kV) are covered in the Standard for Medium-Voltage Pow

N uninsulated

pr.

gle-conductor
sembly is not
Submersible-
er, 300 kcmil
nductor to be
of the circuit
se within well
d assembly is
ble to also be
pump cable".
JUSE and also
| other pump-

per, 300 kemil
the insulated

cables (Type
L 1569. Type
br Cables, UL

1072.

2 General
2.1 Units of

211

measurement

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 requirements conveniently usable in
countries employing the various metric systems (practical SI and customary). Equivalent — although not
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 where a requirement is applied in metric terms.
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2.2 Undated reference

2.2.1
be interpreted

3 Terms

3.1

as referring to the latest edition of that code or standard.

Any undated reference to a code or standard appearing in the requirements of this standard shall

Wherever the designation "UL 1581" is used in this wire standard, reference is to be made to the

designated part(s) of the Reference Standard for Electrical Wires, Cables, and Flexible Cords, UL 1581.

CONSTRUCTION

4 Materials
41
5 General

5.1 Service-
submersible-|
comply in all
markings.

5.2 The eleq
a) 90°
b) 90°

c) 75°

5.3 Each ing
an individual j

5.4 Material
Determining

good field req
testing.

Each material used in a cable shall be compatible with all of the other materials used in

entrance cable shall be designated as Type USE or AJSE-2 (jacketed, ¢
ump cables — all for use below ground) or as Type SE (for use above gro
respects with the applicable requirements for construction details, test perd

trical insulation in each cable shall be of material(s) with one of the following ra
C dry, 90°C wet;
C dry, 75°C wet; or

C dry, 75°C wet.

ividual and overall jacketin Type USE and USE-2 cables and any insulation n
pcket in Type USE and USE-2 cables shall be of material(s) resistant to fungi.

not known te _be’resistant to fungi is to be tested as described in the Standa
Resistance,of* Synthetic Polymeric Materials to Fungi, ASTM G 21). Based
ord, CR,"CPE, XL, HDPE, NBR/PVC, and neoprene are appropriate for use

the cable.

overless, and
ind) and shall
ormance, and

tings:

bt protected by

rd Practice for
bn an existing
without fungal

()

CONDUCTO
6 Metal
6.1

General

6.1.1

Only copper, copper-clad aluminum, or an aluminum alloy shall be used for the conductor(s) in a

cable. All insulated conductors in a cable shall be of the same metal. In coverless Type USE and USE-2
cables with a bare conductor, the bare conductor shall be of metal-coated copper regardless of which of
the three metals is used in the insulated conductors(s). In other multiple-conductor cables, any uninsulated
conductor shall be of the same metal as the insulated conductors.
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6.2 Copper
6.2.1 A 14 or 12 AWG copper conductor in a Type SE cable shall be medium-hard or hard-drawn.

Number 10 AWG and larger sizes of copper conductor in a Type SE cable and all sizes of copper
conductor in Type USE and USE-2 cables shall be soft-annealed, medium-hard, or hard-drawn. Each solid
copper conductor and each copper wire (strand) shall comply with the Standard Specification for Soft or
Annealed Copper Wire, ASTM B 3, the Standard Specification for Medium-Hard-Drawn Copper Wire,

ASTM B 2, or the Standard Specification for Hard-Drawn Copper Wire, ASTM B 1 as applicable.

6.3 Copper-clad aluminum

6.3.1

Copper-clad aluminum conductors shall comply with the Requirements for Copper-Clad Aluminum

Conductors U

6.4 Aluminum

6.4.1 Solid 4
aluminum-wire
coverless mul
on the surfag
requirements

Alloy, Section

the same tens
aluminum allo
Purposes, AS
conductors of

7 Metal Coa

7.1 When th
corrodes unpr
protective sep
wires (strands
one of the follg

a) A tin
Wire fo

b) An

king

bed in Building Wire, Section 12 of UL 1581.

luminum conductors in sizes 12, 10 and 8 AWG shall comply-with the req

stock. The aluminum conductor(s) in single-conductor submersible-pump
iple-conductor Type USE cable not marked with any additional conductor typ
e, on the insulated conductors, or on the tag, reel, ‘or carton shall cor
for 8000 series aluminum in Requirements for Aluminum Conductors of ar
10 of UL 1581, or shall be of a 1/2 — 3/4 hard 1350 serfies aluminum alloy that
ile-strength requirements as a semi-annealed 8000 series alloy or a 1350-H1
y in accordance with the Standard Specification-for Aluminum 1350-H19 Wire
TM B 230/B 230M. All other aluminum conductors shall comply with the reg
an 8000 series alloy in Section 10 of UL 1581. See 40.4.

b insulation adjacent to a .coepper or copper-clad aluminum conductor is of g
ptected copper in the test\in Conductor Corrosion, Section 500 of UL 1581
arator (see 11.1 and 11.2) is not provided, the solid conductor and each of
of a stranded conductor shall be separately covered with metal. The metal cq
wing:

coating complying with the Standard Specification for Tin-Coated Soft or Ann
r ElectricalPurposes, ASTM B 33.

ckel coating complying with the Standard Specification for Tin-Coated Soft

uirements for
cable and in
e designation
nply with the
8000 Series
complies with
O (extra hard)
for Electrical
uirements for

material that
and when a
the individual
ating shall be

ealed Copper

or Annealed

Coppe

Wire for Electrical Purposes, ASTM B 355.

c) A silver coating complying with the Standard Specification for Silver-Coated Soft or Annealed
Copper Wire, ASTM B 298.

d) Any

other metal or alloy coating is to be evaluated.

7.2 The use of a metal coating, when not required for corrosion protection, is still appropriate for use on
solid or individual wires (strands) or selected wires, such as the outer layer of wires of a stranded
conductor (see 7.3 concerning the conductor resistance). The metal coating used shall comply with 7.1.

7.3 When metal-coated wires are used only as selected wires, such as the outer layer of wires of a
stranded uncoated copper or copper-clad aluminum conductor, the direct current resistance of the
resulting conductor shall not exceed the value tabulated in D-C Conductor Resistance, Section 30 of UL
1581 for an uncoated conductor of the same size and construction. See 10.1.
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7.4 An uninsulated copper or copper-clad aluminum conductor shall be metal-coated when it is
assembled in contact with a neoprene jacket or (copper only) is used as the bare conductor in a coverless
multiple-conductor Type USE or USE-2 cable. A stranded copper or copper-clad aluminum conductor that
is required to be metal-coated shall have each wire (strand) metal-coated before the wires are assembled
to form the conductor.

8 Conductor Diameter and Cross-Sectional Area

8.1 The nominal, maximum (1.01 x nominal), and minimum (0.98 x nominal) diameters of solid and
stranded conductors are shown in Tables 20.1, 20.2, 20.3, 20.3.1, 20.4, and 20.6 of UL 1581. Conductor
Diameter is to be measured using the method shown in Conductor Diameters, Section 200 of UL 1581.

8.2 Comprepsed unilay copper conductors that are smaller in diameter than the requir
nominal as indicated in Table 20.3) for compressed concentric lay conductors shall be ma
as compact cpnductors and shall be marked in accordance with 43.1.

ement (0.98 x
rked the same

8.3 The no
requirement).

inal cross-sectional area of a conductor is indicated in Table~20.1 of UL 1581 (not a

9 Joints

9.1 Ajointin
workmanlike

or the overall
stranded con
before any cq
cable. The in
requirements
before compd

| be made in a
al wire strand,
ple. A jointin a
be made only
embled into a
bmply with the
shall be made

a solid conductor or in one of the individual wires of a'stranded conductor sha
manner and shall not change the diameter of the.solid conductor, the individu
5tranded conductor. A joint shall not be made ina stranded conductor as a wh
Juctor shall be made by separately joining~éach individual wire. A joint shall
verings are applied to an insulated conductor and before a conductor is asg
bulation applied to such joints shall bg’equivalent to that removed and shall ¢
in this Standard. A joint in a compact- or compressed-stranded conductor

cting or compressing.

10 Resistance

ictor feet or in
ance indicated

10.1 The difect-current resistanee*of any length of conductor in ohms per thousand cond
ohms per conductor kilometer-shall not be higher than the maximum (nominal x 1.02) resist

in the applicgble table in D-C“Conductor Resistance, Section 30 of UL 1581 at 20°C (68
(77°F) when|measuredyas' described in D-C Conductor Resistance, Section 220 of UL
resistance of pach ingulated conductor in a multiple-conductor cable in which the insulated

'F) or at 25°C
1581. The d-c
onductors are

cabled shall pot exceed the tabulated value first multiplied by 1.02 and then rounded off to the same

number of deg¢imal.places as the tabulated value. See 7.3.

11 Separator

11.1 Thermoset insulation shall be kept, by the manufacturing process or a separator, from penetrating
between the wires (strands) of a stranded copper, copper-clad aluminum, or aluminum conductor (see
Insulation Fall-In Test, Section 520 of UL 1581). A separator is not required between the conductor and the
thermoset or thermoplastic insulation on a solid or stranded conductor. Where used, a separator shall be
electrically non-conductive (an insulating grade is not required), inherently resistant to moisture, and shall
not be counted as part of the required insulation.

11.2 A separator used between a conductor and insulation shall be colored or shall be opaque to make
the separator clearly distinguishable from the conductor once the insulation is removed. The color shall be
other than copper, silver, green, or green and yellow and shall be solid, striped, or in some other pattern.
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12 Sizes of Insulated Conductors

12.1 The grounding conductor (insulated), where used, in 8 — 4/0 AWG copper submersible-pump cable
and in 6 AWG — 300 kcmil aluminum or copper-clad aluminum submersible-pump cable shall be the same
as or smaller in size (see Table 19.1) than the circuit conductors (also insulated) however, in other
multiple-conductor cables, the insulated conductors shall be of the same size.

12.2 Aninsulated copper conductor shall not be smaller in size than 14 AWG. An insulated aluminum or
copper-clad aluminum conductor shall not be smaller in size than 12 AWG.

12.3 Single-conductor Type USE and USE-2 cables and the insulated conductors in multiple-conductor
coverless Type USE and USE-2 cables shall not be larger in_size than 2000 kcmil. The insulated

conductor(s) i
pump cable) &

h other multiple-conductor Type USE and USE-2 cables (jacketed cable or|
nd the insulated conductors in a Type SE cable shall not be larger than' 4/0

300 kemil aluminum or copper-clad aluminum.

13 Strandin

13.1  Except
in compliance
Thermoplastic
submersible-p
use as the ins
or uninsulated
AWG or larger
conductor sha|
aluminum or g
diameter).

13.2 Compa
—4/0 AWG co
of the strands
diameter of th
diameter of th
compact-stran
outer layer left

INSULATION
14 Details

14.1

¢]

as noted in this paragraph, a 6 AWG or larger size of insulated conductor sha
with the Standard for Thermoset-Insulated Wires and Cables, UL 44, or in thq
Hinsulated Wires and Cables, UL 83, as applicable: 12 — 2 AWG cond
ump cables described in Details, Section 19, shall be solid or stranded. A solid
Llated conductor of a single-conductor cable or a:2-conductor cable having a

conductor applied helically over the insulated ‘conductor shall not be larger tha
size of bare or uninsulated conductor shallbe stranded. No strand of an unins
| be smaller than 26 AWG (15.9 mils or 0.404 mm in diameter). No strand of g
opper-clad aluminum conductor shallbe smaller than 22 AWG (25.3 mils of

Ct stranding is appropriate foruse with 8 AWG — 1000 kemil aluminum conduct

in the outer layer of a.round compact-stranded assembly shall be 8 — 16 tim
at layer for a 1 AWG — 1000 kcmil conductor and shall be 8.0 — 17.5 tim
at layer for a 8(=)2 AWG conductor. The direction of lay of the outer lay
ded conductor 'shall be left-hand (left-hand unidirectional or concentric-lay-stra
thanded).

IAND.INDIVIDUAL JACKET

submersible-
AWG copper,

Il be stranded
b Standard for
uctors in the
conductor for
stranded bare
n2AWG. A6
ulated copper
n uninsulated
0.643 mm in

brs and with 2

pper conductors. A compact-stranded conductor shall not be segmented. The length of lay

es the overall
bs the overall
er of a round
nded with the

The insulation in Type USE and USE-2 cables shall be thermoset, except for the HDPE portion of

HDPE-over-XL insulation in some single-conductor Type USE cable. See 14.3 regarding materials. The
insulation and jacket in single-conductor Type USE and USE-2 cables shall comply with Table 14.1 and
Table 14.2 (see 14.3 regarding materials). Each insulated conductor in the submersible-pump cables that
are described in Section 19, and in the coverless multiple-conductor Type USE and USE-2 cables that are
described in Section 18, shall be a single-conductor Type USE or USE-2 cable. Except for the horizontal
flame test in some cases (see 40.1), and the sunlight-resistance tests required in 30.1 and 30.3.1, the
insulated conductors in a Type SE cable shall be Type THHN, Type THWN, or Type THWN-2 as described
in the Standard for Thermoplastic-Insulated Wires and Cables, UL 83, or Type XHHW, Type XHHW-2,
Type RHW, Type RHW-2, Type RHH OR RHW, or Type RHH OR RHW-2 as described in the Standard for
Thermoset-Insulated Wires and Cables, UL 44; the insulated conductors in a jacketed multiple-conductor
Type USE cable shall be Type XHHW, Type XHHW-2, Type RHW, Type RHW-2, Type RHH OR RHW, or
Type RHH OR RHW-2 as described in the Standard for Thermoset-Insulated Wires and Cables, UL 44;
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and the insulated conductors in a jacketed multiple-conductor Type USE-2 cable shall be Type XHHW-2,
Type RHW-2, or Type RHH OR RHW-2 as described in the Standard for Thermoset-Insulated Wires and
Cables, UL 44. "USE" shall not be surface marked on conductors for Type SE cable.

14.2 Measurements of insulation thickness are to be made as described in Thicknesses of Insulation on
Thermoplastic- and Thermoset-Insulated Wires and Cables, Section 240 of UL 1581.

14.3 Either of the following materials intended for use by the manufacturer as an insulation or a jacket
shall be evaluated for the requested temperature rating as described in Long-Term Aging, Section 481 of
UL 1581:

a) Material generically different from any insulation or jacket material that is referenced in 14.1,
17.2.1[T,or 19-Tfor the construction (new material).

b) Matgrial that is referenced in 14.1, 17.2.1.1, or 19.1 yet does not comply with.thé short-term tests
applicable to the material.

The temperatpre rating of materials (a) and (b) shall be as required for the specific service-¢ntrance cable
type. The thicknesses of insulation and/or jacket using materials (a) and/ar (b) shall be as required for the
specific type.|Investigation of the electrical, mechanical, and physical -Characteristics of the cable using
material (a) gnd/or (b) shall show the material(s) to be comparablé. in"performance to the insulation or
jacket materipls referenced in 14.1, 17.2.1.1, or 19.1. The investigation shall include fests such as
crushing, impact, abrasion, deformation, heat shock, insulation resistance, and dielgctric voltage-
withstand.
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Table 14.1
Constructions of single-conductor Type USE cables
NOTE: FOR DETAILS OF BLANK OR INCOMPLETE BOXES REFER TO THE CORRESPONDING BOX ON THE PAGE PRECEDING IT.
Insulation Jacket c e | Applicable requirements in UL 44
Material Physical properties Thicknesses Material Physical Thicknesses marking (sje (includes spark or tank testing of
properties Section 40 all production)
75°C wet or 113°C aging in Table Table 14.3 (note® No jacket "USE" 600 V RHW insulated with
dry XL 50.231 of UL 1581 reduced thicknesses are unjacketed XL or EPCV.
applicable) Horizontal flame test not required
(see last sentence of 40.1).
Table 14.3 (noteb No jacket "USE OR RHW" |600V RHW insulated with
reduced thicknesses are unjacketed XL or EPCV.
not applicable) Horizontal flame test is required.
Table 14.3 (note® 75°C Table 14.5 "USE" 600 V RHW insulated with jacketed
reduced thicknesses are XL or EPCV.
not applicable) cp Taalf 152811 \ Horizontal flame test not required
(see last sentence of 40.1).
Thermoset CPE | Table 50.30 of
U $581
NBR/PVC Table50.100 of Tests made without jacket:
UL 1581 insulation, resistance, capacitance,
Neoprene Table 50.100 of relative permittivity, and stability
UL 1581 factor.
XL Table 50.229 of
UL 1581
"USE OR RHW" | 600V RHW insulated with jacketed
XL or EPCV.
Horizontal flame test is required.
Tests made without jacket:
insulation, resistance, capacitance,
relative permittivity, and stability
factor.
75°C wet or Table 50.62 of UL 1581 Table 14.3 (note® 75°C Table 14.5 "USE" 600 V RHW insulated with jacketed
dry EPCV (121°C aging for all redlUced thicknesses are XL or EPCV Horizontal flame test

applications)

" Leaokla)
noTapPPICaoTey

not required (see last sentence of
40.1).

Tests made without jacket:
insulation, resistance, capacitance,
relative permittivity, and stability
factor.

Table 14.1 Continued on Next Page
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Table 14.1 Continued
Insulation Jacket Cable surface | Applicable requirements in UL 44
Material Physical properties Thicknesses Material Physical Thicknesses marking (see (includes spark or tank testing of
properties Section 40) all production)
CP Table 50.1 of "USE OR RHW" | 600 V RHW insulated with jacketed
UL 1581 XL or EPCV.
Thermoset CPE | Table 50.30 of Horizontal flame tes.t not required.
UL 1581 Tests made without jacket:
insulation, resistance, capacitance,
NBR/PVC Table 50.100 of relative permittivity, and stability
UL 1581 factor.
Neoprene Table 50.100 of
UL 1581
XL Table 50.229 of
UL 1581
Table 14.3 (note® No jacket "USE OR RHW" 600V RHW insulated with
reduced thicknesses are unjacketed XL or EPCV.
not applicable) Horizontal flame test is required.
90°C dry, 75°C wet N jacket "USE OR RHW OR | 600 V RHH and RHW insulated
B . RHH" with unjacketed XL or EPCV.
XL 158 g?glpall_n1';a8tJ1le Table 14.3 (note® Horizontal flame test is required.
. o reduced thicknesses are
EPCV Table 50.62 of UL 1581 not applicable)
(121°C aging for all
applications)
90°C dry, 75°C wet Table 14.3 (note® 90°C Table 14.5 "USE OR RHW OR | 600 V RHH and RHW insulated
reduced thicknesses are cp 121°C aging | RHH" with jacketed XL or EPCV.
not applicable) Tabl Zg'qg |fn Horizontal flame test is required.
auf1sé1 ° Tests made without jacket:
insulation, resistance, capacitance,
XL 121°C aging in Table Thermoset CPE | Table 50.29 of relative permittivity, and stability
50.231 of UL 1581 UL 1581 factor.
EPCV Table 50.62 of UL 1581 NBR/PVC Table 50.99 of
(121°C aging for all UL 1581
applications) Neoprene Table 50.99 of
UL 1581
XL Table 50.228 of
UL 1581
90°C dry, 121°C aging in Table 50.1 Table 14.3 (note® No Jacket "USE" 600 V RHH and RHW insulated
75°C wet CP of UL 1581 reduced thicknesses are with unjacketed CP or CPE.
or CPE not applicable)

Table 14.1 Continued on Next Page
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Table 14.1 Continued

Insulation Jacket Cable surface | Applicable requirements in UL 44
Material Physical properties Thicknesses Material Physical Thicknesses marking (see (includes spark or tank testing of
properties Section 40 all production)
Horizontal flame test not required
(see last sentence of 40.1).
"USE OR RHW OR | 600 V RHH and RHW insulated
RHH" with unjacketed CP or CPE.
Horizontal flame test is required.
75°C wet or HDPE? : Table 50.135 of Table 14.3 (note® No jacket "USE" 600 V RHW insulated with
dry: UL 1581 (113°C aging) reduced thicknesses are unjacketed XL.
thermoplastic | XL?: 113°C aging in Tablg applicable) Horizontal flame test not required
HDPE over 50.231 of UL 1581 (see last sentence of 40.1).
XL
90°C dry, 75° | CP®: 121° C aging in Tabld Table 14.4 No jacket "USE" 600 V RHH and RHW insulated
wet: CP, CPE, 50.1 of UL 1581 wtih unjacketed CP, CPE, EPCV, or
EPCV, or XL CPE®: Table 50.34 of UL XL over EP, XL, or EPCV.
over EP, XL or 1581 (121°C aging) Horizontal flame test not required
EPCV (see last sentence of 40.1).
EP®: Table 11 of UL 44 "USE OR RHW OR | 600 V RHH and RHW insulated
same as Type RHH RHH" wtih unjacketed CP, CPE, EPCV, or
EPCV®: Table 50.62 of UL XL over EP, XL, or EPCV.
1581 (121° C aging for al Horizontal flame test is required
applications) XL®: 113°C
aging in Table 50.231 of
dUL 1581
75°C wet or dry Table 14.3 (note® 75°C Table 14.5 "USE" 600 V RHH and RHW insulated
reduced thicknessestare cp Table 501 of with jacketed SBR/IIR/NR or EP
not applicablée) an15€'51 ° Horizontal flame test not required
(see last sentence of 40.1).
SBR/IIR/NR Agings for 75°C materials Thermoset CPE | Table 50.30 of Tests made without jacket:
in Table 50.189 of UL 158 UL 1581 insulation, resistance, capacitance,
NBR/PVC Table 50.100 of relative permittivity, and stability
UL 1581 factor.
EP Table 50.42 of UL 1581 Neoprene Table 50.29 of "USE OR RHW" [600 V RHW insulated with jacketed
(121°C aging for all o581 SBRI/IIR/NR.
applications) XL Table 50.229 of Horizontal flame test is required.
UL 1581 Tests made without jacket:
insulation, resistance, capacitance,
relative permittivity, and stability
factor.

Table 14.1 Continued on Next Page
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Table 14.1 Continued
Insulation Jacket Cable surface | Applicable requirements in UL 44
Material Physical properties Thicknesses Material Physical Thicknesses marking (see (includes spark or tank testing of
properties Section 40) all production)
90°C dry, 75°C wet Table 14.3 (note® 90°C Table 14.5 "USE OR-RHW OR | 600 V RHH and RHW insulated
SBR/IRINR | Agings for 90°C materialf reducni‘: ;r;;m:;if)s are cP Table 50.1 of o with jacketed SBRAIR/NR or EP.
in Table 50.189 UL 1581 UL 1581
EP Table 50.42 of UL 1581 Thermoset CPE | Table 50.29 of Horizontal flame test is required.
(121°C aging for all UL 1581 Tests made without jacket:
applications) NBR/PVC Table 50.99 of insulation, resistance, capacitance,
UL 15.81 permittivity, and stability factor.
Neoprene Table 50.99 of
UL 1581
XL Table 50.228 df
UL 1581

@ For the 8 AWG and smaller sizes, HDPE]
are to be tested separately, with the HDPH

b Each layer is to be tested separately.

over XL may be tested as a composition tube of the two layers at 2.0 £0.2 in/min (50 £5 mm/min).
layer at 2.0 £0.2 in/min (50 £5 mm/min) and the XL layer,at 20 £1 in/min (500 25 mm/min).

For the 6 AWG and larger sizes, the layers
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Table 14.2

Acceptable constructions of single-conductor Type USE-2 cable

Insulation Jacket Cable_surface Applicable requirements in UL 44
Material Physical Fhick Material Rhysical Thick marking (see (includes spark or tank testing of
aterla properties properties Section 39) all production)
90°C wet or dry
XL 121°C aging in 600 V RHW-2 insulated with
Table 50.231 of unjacketed XL or EPCV.
UL 1581 c No Jacket
Table 14._3 (note "USE-2 OR RHW-2" . . '
EPCV Table 50.62 of UL | refluced thicknesses See Table 14 Horizontal flame test is required.
1581 (121°C not acceptable) e
aging for all
applications)
90°C
90°C wet or dry CP 121°C aging in
Table 50.1 of UL
1581
XL 121°C aging in Table 14.3 (note © | Thermoset CPE | Table-50.29 of 600 V RHW-2 insulated with
Table 50.231 of | refluced thicknesses U581 jacketed XL or EPCV.
UL 1581 not acceptable)
NBR/PVC Table 50.99 of Table 14.5 "USE-2 OR RHW-2" | Horizontal flame test is required.
UL 1581
EPCV Table 50.62 of UL
15?1 (121°C Neoprene Table 50.99 of Tests made without jacket:
aging for all UL 1581
licati
applications) insulation resistance,
XL Table 50.228 of capacitance, relative
UL 1581 permittivity, and stability
factor.
"USE-2" 600 V RHW-2 insulated with
unjacketed CP.
o 121°C aging in Horizontal flame test not required.
90°Cwetordry | riiie50.1 of UL Table 14.3 - -
CcP 1581 NoJacket USE-2orRAW-2" | 600 V RHW-2 insulated with
unjacketed CP.
Horizontal flame test is required.
90°C wet or dry: CP?:121° caging 600 V RHW-2 insulated with
CP, CPE, EPCV, in Table 50.1 of "USE-2" unjacketed CP, CPE, EPCV, or XL

UL 1581 CPE®.

over EP, XL or EPCV.

Table 14.2 Continued on Next Page
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Table 14.2 Continued
Insulation Jacket Cable surface Applicable requirements in UL 44
Material Physical Thicknesses Material Physical Thicknesses marking (see (includes spark or tank testing of
ateria properties properties Section 39) all production)
or XL over EP, Table 50.34 of UL Horizontal flame test not required
XL, or EPCV 1581 (121°C (see last sentence of 39.1).
aging) EP? : Table
11 of UL 1581
(same as Type
RHH)
EPCV?: Table Table 14.4 No jacket 600 V RHW-2 insulated with
50.62 of UL 1581 unjacketed CP, CPE, EPCV, or XL
(121°C aging for over EP, XL or EPCV.
all applications) "USE-2 or RHW}-2" | Horizontal flame test is required.
XLP: 113°C aging
in Table 50.231 of
UL 1581
90°C wet or dry 90°C 600 V RHW-2 insulated with
cp Table 50 167 UL jacketed SBR/IIR/NR or EP.
SBR/IIR/NR Agings for 90°C K
materials in Table Thermoset CPE Table 50.29 of Horizontal flame test is required.
50.189 UL 1581
UL 1581
EP
Table 50.42 of UL Table 14.3 NBR/PYC Table 50.99 of Tests made without jacket:
1581 (121°C (note © reduced UL 1581 Table 14.5 "USE-2 OR RH\V-2"
aging for all hicknesses are not insulation resistance,
applications) applicable) capacitance, relative
permittivity, and stability
factor.
Neoprene Table 50.99 of
UL 1581
XL Table 50.228 of
UL 1581

@ Each layer is to b

e tested separately.
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Table 14.3
Thicknesses of insulation of XL, of EPCV, of EP, of SBR/IIR/NRm of CP, of CPE, or of HDPE? over

XL? on single-conductor Type USE-2 and USE cables

Type USE cable
contains EC-135
that these sizes
comparable to th
213 - 500 kcmil
layers. The thicK

¢ The reduced th
marked "USE-2
grade aluminum

that are not marked "USE OR RHW" or "USE OR RHW OR RHH" (the cable, isymarked simply "U§
0 grade aluminum alloy conductors; see 41.4) when the results of the tests.described in Sections !
bf cable made with the reduced thicknesses of insulation have mechanical‘abuse characteristics fl
e characteristics of the same cable made with the thicknesses of instilation shown without the par
sizes of cable made with reduced thicknesses of XL insulation shall\iave the insulation applied in
hesses of the individual layers are not specified.

cknesses shown in parentheses shall be used only for Xlc.enythe 213 — 500 kcmil sizes of cable th
DR RHW-2" or "USE-2 OR RHW-2 OR RHH" (the cable-is marked simply "USE-2" — the cable con
alloy conductors; see 41.4) when the results of the tests-described in Sections 21 — 25 show that t

Size(s) conductor Mils (mm)
Minimum Minimum
Aluminum or Nominal thickness at any Nominal thickness at any
copper-clad thickness of point of thickness of point of
Copper aluminum insulation® insulation insulation® insulation
14,10 AWG 12,10 AWG 45 40 (1.14) (1.02)
9-2 8-2 60 54 (1.52) (1.37)
1-4/0 1-4/0 80 72 (2.03) (1.83)

213 — 500 kel 213 — 500 kemil 95 (80)" ¢ 86 (72)>°¢ [2.41 (2.03)]>°¢ [2.18 (1.83)]>°¢
501 -1000 501 -1000 110 99 (2.79) (2.51)
1001 — 2000 1001 — 2000 125 112 (3.18) (2.84)

@ The thicknessds of the individual layers are not specified.
® The reduced thicknesses shown in parentheses shall be used only for XL or for HDPE over XL on the 213 — 500 Hcmil sizes of

E" —the cable
P1 — 25 show
at are
bntheses. The
ne or two

pt are not
ains ED-1350
hese sizes of

cable made with|the reduced thicknesses of insulation have mechanical-abuse characteristics that are comparablg to the
characteristics of the same cable made with the thicknesses of insulation shown without the parentheses. The 213}- 500 kcmil
sizes of cable made with reduced thicknesses of XL insulationnshall have the insulation applied in one or two layerd. The
thicknesses of ttle individual layers are not specified.
4 The nominal infulation thickness is not a requirement, but for simplicity of identifying cable products.
Table 14.4
Thicknesses| of insulation of CR,\CPE, EPCV, or XL over EP, XL, or EPCV on single-corjductor Type
USE-2.and USE cables with no jacket over the insulation
Mils (mm)
Inner layer Outer layer Inner layer Opter Layer
Sizes(s) of cond{ictor EP, XL or EPCV CP, CPE, EPCV, or XL EP, XL or EPCV CP, CPE, EPCV, or XL
Nominal Minimum Nominal Minimum Nominal Minimum Nomingl Minimum
Alumjinum’_| thickness of | thickness at | thickness of | thickness at | thickness of | thickness at | thicknesg of | thickness at
Copper or copper- | insulation® | any point of | insulation® | any point of | insulation® | any point of | insulation® | any point of
clad insulation® insulation® insulation® insulation®
aluminum
| ] | 1} | ] | 1]
AWG AWG
14-10 12-10 30 27 28 15 14 12 (0.76) (0.69 (0.71 (0.38) (0.36 (0.30
) ) ) )
9-8 9-8 45 40 42 15 14 12 1.14 (1.02 (1.07 (0.38) (0.36  (0.30
) ) ) )
7-2 7-2 45 40 44 30 27 24 1.14 (1.02 (1.12 (0.76) (069 (0.61
) ) ) )
1-4/0 1-4/0 55 50 54 45 40 36 1.40 (127 (1.37 (1.14) (1.02 (0.91
) ) ) )
kemil kemil

Table 14.4 Continued on Next Page
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Table 14.4 Continued

Mils (mm)
Inner layer Outer layer Inner layer Outer Layer
Sizes(s) of conductor EP, XL or EPCV CP, CPE, EPCV, or XL EP, XL or EPCV CP, CPE, EPCV, or XL
Nominal Minimum Nominal Minimum Nominal Minimum Nominal Minimum
Aluminum | thickness of | thickness at | thickness of | thickness at | thickness of | thickness at | thickness of | thickness at
Copper | ©F copper- insulation® | any point of | insulation® | any point of | insulation® | any point of | insulation® | any point of
clad insulation® insulation® insulation® insulation®
aluminum
| 1] 1 ] | ] 1 ]
213-500 | 213-500 65 58 65 65 58 52 1.65 (1.47 (1.65 (1.65) (1.47 (1.32
) ) ) )
501 — 501 - 1000 80 72 78 65 58 52 2.03 (1.83 (1.98 (1.65) (1.47 (1.32
1000 ) Y ) )
@ The minimum thi¢gkness at any point shall not be less than indicated in column | or Il under "Inner Layer" provided that the minimupmn thickness at any
point is not less th3n indicated in the corresponding column I or Il under "Outer Layer". The thickness in column Il under "Inner ayér" plus the
thickness in colump Il under "Outer Layer" equals 90 percent of the sum of the average thicknesses indicated under "Inder Layer" gnd "Outer Layer".
® The nominal insujation thickness is not a requirement, but for simplicity of identifying cable products.

Table 14.5
Thicknesges of jacket on single-conductor Type USE-2 and USE cables with insulation that is

required in Table 14.1 to have thicknesses'per Table 14.3

Size(g) of Conductor inch (mm)
Aluminum or Minimum average Minimum Minimum Minimum
Copper copper-clad thickness of thickhess at any thickness at any thickness at any
aluminum jacket? point of jacket? point of jacket® doint of jacket®
14 -2 AWG 12-2 AWG 30 25 (0.76) (0.64)
1-4/0 1-4/0 45 35 (1.14) (0.89)
213 — 1000 kenil 213 — 1000 kcmil 65 50 (1.65) (1.27)
1001 — 2000 1001 - 2000 95 75 (2.41) (1.90)

@ Measurement$ are to be made as described'in 17.2.2.2.

ASSEMBLY OF JACKETED-MULTIPLE-CONDUCTOR TYPE USE AND USE-2 CABLES AND OF
TYPE SE CABLE

15 Conductors

15.1 In jacketed multiple-conductor Type USE and USE-2 cables and in a Type SE cable, the insulated
conductors ard—any umninsutated conductor shatt e assembtedimsize andnumber as-imdicated in Table
15.1. It is appropriate for an uninsulated conductor to be laid straight in a flat cable, or to be cabled in one
or several sections in a round cable, where the requirements of at least the flexing test in 21.1 and the
overload test in 26.1 and 26.1 for Type USE and USE-2 cables or the overload test in 27.1 and 27.2 for
Type SE cable are complied with. Otherwise, an uninsulated conductor shall be evenly distributed helically
(concentric) over the insulated conductor or conductors with a length of lay that complies with 15.4. An
insulated conductor shall not be smaller in size than indicated in Table 15.2 (cable with copper conductors)
or Table 15.3 (cable with aluminum or copper-clad aluminum conductors). It is appropriate for Type USE
and USE-2 cables that are without an uninsulated conductor to contain one fully insulated grounding
conductor that is of the same construction as the circuit conductors. The grounding conductor shall be of a
size that is not smaller than indicated in Table 19.1 and shall be identified as described in 19.2.

15.2 In around cable in which there is more than one insulated conductor, the insulated conductors shall
be cabled with a length of lay (see 15.3) that is uniform and is not longer than indicated in Table 15.4. The
length of lay of a cabled uninsulated conductor shall be the same as the length of lay of the insulated
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conductors. In a round Type SE cable, it is appropriate for the direction of lay to change at uniform or
varied intervals throughout the length of the cable. In a cable in which the lay is reversed:

a) Each area in which the lay is right- or left-hand for not less than 5 complete twists (full 360°
cycles) shall have the insulated conductors cabled with a length of lay that is not greater than

indicated in Table 15.4, and

b) The length of each lay-transition zone (oscillated section) between these areas of right- and left-
hand lay shall not exceed 1.8 times the maximum length of lay indicated in Table 15.4.

15.3 The length of lay of an element of a helix is the pitch of that element — that is, the axial length of one

turn of the element.

15.4 The length of lay of the wires of a concentrically distributed (evenly spaced),~hellcally applied,
uninsulated cq@nductor shall not be more than 10 times the diameter over the concenfric'wifes in a round
cable, and shall not be more than 35 times the length of the minor axis over the concentric|wires in a flat
Type SE cablg. The length of lay of the concentric wires shall be uniform througheéutthe length of the cable
or the direction of lay can change at uniform or varied intervals throughout the’length of the cable. In a
cable in whichl|the lay of the concentric wires is reversed:

a) Each area in which the lay is right- or left-hand for not less\than 5 complete twists (full 360°
cycles) shall have the wires applied with a length of lay that\is not greater than the limit shown

above.

b) The[length of each lay-transition zone (oscillated section) between these areas of fight- and left-

hand Igy shall not exceed 1.8 times the length of laydimit shown above.

Table 15.1
Assembly of conductors in jacketed multiple-conductor Type USE-2 and USE cables jand in Type
SE cables
Numbe} of conductors Sizes of insulated conductor(s)
In flat cable In round cable
Aluminum or Aluminum or
copper-clad topper-clad
Insulated Uninsulated Copper aluminum Copper aluminum
12 AWG - 300
1 1 Cable is round. 14 - 4/0 AWG kemil
12 AWG - 300 12 AWG - 300
2 Oor1 14 —4/0 AWG kemil 14 -4/0 kemil
3,4,0r5 Qord Cable-istound 14— 410 42 — AWG 300
kemil

Table 15.2

Smallest size of uninsulated conductor in cable with copper conductors

Number of insulated copper

Two or more

Larger than 8 AWG however not larger
than 4/0 AWG

conductors Size of insulated copper conductors Uninsulated conductor of copper
One All Same size as the insulated conductor
Two or more 14 -8 AWG Same size as the insulated conductors

Two AWG sizes smaller than the
insulated conductors
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Table 15.3

Smallest size of uninsulated conductor in cable with aluminum or copper-clad aluminum

conductors

Number of insulated aluminum or
copper-clad aluminum conductors

Size of insulated aluminum or copper-
clad aluminum conductors

Uninsulated conductor of aluminum
or copper-clad aluminum

One All Same size as the insulated conductors
Two or more 12 -6 AWG Same size as the insulated conductors
Two or more Larger than 6 AWG however not larger Two sizes smaller than the insulated

than 300 kemil

conductors

Cabling olf insulated conductors in jacket

Table 154
ed, round, multiple-conductor Type USE-

cables and in Type SE cable

2 and USE

Number of ihsulated conductors in
cable Maximum length of lay of cabled)conductors

2 30 times the calculated diameter over one finished insulated condugtor

3 35 times the calculated diameter over onefinished insulated condugtor

4 40 times the calculated diameter over.6ne finished insulated condugtor

5 15 times the calculated diameterover the assembled, finished insulpted conductors
(a concentric uninsulated conductor and/or a separator tape over the assembled
insulated conductors are excluded)

16 Fillers

16.1 Fillers
conductors w
Type SE cabl
to comply wit
Section 32. F
provided in a
one location

of these cable

b where they are needed to keep the shape of the cable from reducing the abil
h the pulling-through-joists.test described in Low-Temperature Pulling-Throu
llers are not required in a’flat cable with a concentric uninsulated conductor.

S:

a) From making‘the surface printing on the cable illegible,

b) Fro

(see t¢g

st described in note a to Table 17.1), and

flat cable without an.Uninsulated conductor or with an uninsulated conductor th
not sectioned or concentric) and in a round cable where they are needed to k

m reducing the ability of the cable to resist pulling out of any connector intendg

Shall be provided in a cable that has an overall covering and contains two or mnore insulated
nere the fillers are needed to make the cable firm at all points. Fillers shall bg

provided in a
ty of the cable
gh-Joists Test,
illers shall be
at is entirely in
eep the shape

d for the cable

c) From affecting the seal of a watertight entrance fitting [see the wet-locations test (rain test)
described in Section 39, of the Standard for Fittings for Cable and Conduit, UL 514B].

Fillers in a jacketed cable shall be integral with or separate from the overall jacket. Where fillers are
integral with the overall jacket, they and the jacket shall be readily separable from the underlying cable
assembly. Fibrous filler materials shall be inherently resistant to moisture or shall be treated to make them
moisture resistant.

17 Overall Covering

17.1

17.11

General

Type SE cable and all multiple-conductor Type USE and USE-2 cables other than submersible-

pump cables (see Section 19) and the coverless assemblies of sinale-conductor Tvoe USE and USE-2
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cables (see Section 18) shall be enclosed in an overall nhonmetallic covering. In all cases, the finished
cable shall have an outer surface that complies with the sunlight-resistance requirements (720 h for cables
marked for sunlight-resistance use and for sunlight-resistance use in cable trays and 300 h or equivalent
for all others) in the Sunlight-Resistance Test, 30.2. The covering shall be applied directly over the flat or
round assembly of insulated conductors, any uninsulated conductor, and any fillers; shall completely cover
and conform closely to the surface of the underlying assembly; and shall be snug-fitting but readily
separable from the underlying assembly. The outer surface of the finished overall covering shall be firm
and smooth and except for impressions of the underlying assembly shall not show depressions caused by
unfilled spaces beneath the overall covering [see 16.1 (a) — (c)]. Neither an overall jacket nor a PVC finish
shall have any defects (bubbles, open spots, rips, tears, cuts, or foreign material) that are visible with
normal or corrected vision without magnification. An overall jacket and a PVC finish shall be well centered

over the underlying assembly.

171.2 The g
The covering ¢

17.2 Jacket
17.2.1 Matel

17.21.1 The
indicated in T3

overing on Type USE and USE-2 cables shall be an extruded jacket comply
n Type SE cable shall be a tape-and-finish construction complying with~12.3.

ial

overall jacket on Type USE and USE-2 cables shalkbe of one of the therm
ble 17.1 (see 14.3 for the long-term evaluation of g)jacket material not named

or not comply
jacket taken fr
Specific Mate
preparation of
calculations fo
"Physical Profg

17.21.2 OQil

ng with the specified short-term tests). Specimens prepared from samples
bm the finished cable shall comply with the physical properties limits specified
ials, Section 50 of UL 1581, to which reférence is made in Table 17.1. Th
samples, of selection and conditioning of‘'specimens, and of making the meas
r recovery, ultimate elongation, and tensile strength shall be as indicated undsg
erties Tests of Insulation and Jacket"; Sections 400 — 480 in UL 1581.

s specified in several of the physical properties tables in UL 1581 as an imme

ing with 17.2.

bset materials
in Table 17.1
of the overall
in the table in
e methods of
urements and
r the heading

rsion medium
on is for the

for conditionirlg some specimens. In_Service-Entrance Cables, UL 854, the oil immers

purpose of gemeric material identification, not to establish a particular compound as being oil{resistant.

Table 17.1

Material® of extruded, thermoset, overall jacket on jacketed multiple-conductor Type|USE cable

Applicable table of physical properties in UL 1581
Cable with 75°C (167°F) insulated cong
or

unmrarked-96°€-{194°Finsutated-conductor(s)

Cable with 90°C (194°F) uctor(s)

Jacketed Irlateriala
insulated conductors(s)

CP 50.1 50.1

Thermoset CPE 50.29 50.30
NBR/PVC 50.99 50.100
Neoprene 50.99 50.100
XL 50.228 50.229

@ An overall jacket of a thermoset material other than one of those mentioned in the first column of this table when used, shall be
applicable for the use. A pullout test is to be part of the evaluation. In the test, an outlet bushing is to be secured to the finished
cable as intended using the tightening torque indicated below and a 50 Ibf or 22.7 kgdf is to be exerted for 5 min along the
longitudinal axis of the bushing to tend to pull the cable out of the bushing. The cable shall not move more than 1/8 in (3 mm) in the
bushing.

Table 17.1 Continued on Next Page
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Table 17.1 Continued

Trade size of fitting in Tightening torque
inches Ibf-in N-m kgf-m
3/4 500 56.5 5.76
1 700 79.1 8.06
1-1/4 1000 113 11.5
1-1/2 1200 136 13.8
2 and larger 1600 181 18.4
17.2.2 Thicknesses

17.2.2.1 Th¢ average and minimum-at-any-point thicknesses of the overall jacket-on)jacketed multiple-
be USE and USE-2 cables shall not be less than indicated in Table 17.2. The method in
applies to the determination of the thicknesses of the jacket on,jacketed sipgle-conductor
| USE-2 cables, as indicated in note a to Table 14.5.

conductor Ty
17.2.2.2 also
Type USE an

17222 Sp
Thermoset-In

17.3 Tape a

17.3.1 Tape)

pcimens are to be measured as described in Thicknessesyof Jacket on Thermoplastic- and
sulated Wires and Cables, Section 260 of UL 1581.

Ind finish

17.3.1.1 Th

as described |n either (a) or (b) below:

tape portion of an overall tape-and-finish covering on a Type SE cable shall be constructed

a) A single layer of tape (see 17.3.1\2.for the method of thickness measurement). The tape shall be
of any|convenient width and shall:be applied in either of two ways: helically without cfeases or folds
and wlth an overlap of at least.1/4 in (6 mm), or longitudinally with an overlap of at|least 1/4 in (6
d with a glass-fibertbinder having a length of lay not exceeding 3-1/2 in (89 mmm). The tape
shall gonsist of reinforced polyester, cellulose acetate, or other film tape that is at lpast 0.0035 in
(0.09 nm) in overall thickness. The tape is to be reinforced on one face by threadd of glass fiber.
The glpss threads.either are to be bonded to the tape without a covering over the thfeads or are to
be bodind to theltape by a film of polyester or vinyl or other material applied over the¢ threads. The
to belat least 0.00048 in (0.012 mm) thick. The glass threads either are to be laid
longitydinally. (unidirectional) in an open pattern or are to be applied longitudinally gnd across the
tape (bidirectional) in an open pattern or weave.

mm)

film i

b) One or two layers of a neoprene tape that consists of an unvulcanized neoprene coating at least
0.006 in (0.15 mm) thick (see 17.3.1.2 for the method of thickness measurement) applied to
reinforcement consisting of an open, bidirectional pattern or weave of threads of glass fiber. The
tape shall be of any convenient width and shall be applied helically without creases or folds. Where
one serving is used, the edges of the tape shall be overlapped at least 1/4 in (6 mm). Where two
servings are used and they are applied in opposite directions, the edges of the tape in each serving
shall be overlapped at least 1/4 in (6 mm). Where two servings are used and they are applied in the
same direction,

1) The edges of the tape in each serving shall be abutted or shall be overlapped at least 1/4

in (6 mm), and

2) The abutted or overlapped edges of the second tape shall be located approximately over
the center of the tape in the underlying serving.
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17.3.1.2 The thicknesses specified in 17.3.1.1 are to be measured on a specimen removed from the
finished cable. The measurements are to be made with a dead-weight dial micrometer whose presser foot
has a flat face 0.25 £0.01 in (6.4 £0.2 mm) in diameter. The foot is to exert a total of 85 +3 gf (84 £0.02 N
or 3.0 £0.1 ozf) on a specimen.

17.3.2 Finish

17.3.2.1  The finish portion of an overall tape-and-finish covering on a Type SE cable shall be of a 75°C
(167°F) Class 43 PVC (no oil resistance) having physical properties complying with Table 50.182 of UL
1581 where specimens prepared from samples of the PVC taken from the finished cable are tested as
referenced (UL 1581) in the last sentence of 17.2.1.1.

17.3.2.2 The¢ average thickness of the PVC removed from the finished cable shall not be.lgss than 0.030
in (0.76 mm). The minimum thickness at any point of the PVC removed from the finished ¢abje shall not be
less than 0.0R5 in (0.64 mm). The dial micrometer described in 17.3.1.2 is to)be uged for these
measurements.
Table 17.2
Thicknesgses of overall jacket on jacketed multiple-conductor Type USE-2 and USE cables
AWG or kcmil sizes of Insulated Conductor(s) inch (mm)
n round In cable with or without a concentric or cabled
cable uninsulated conductor
Metal of hpving one |, 50 or
insulated nsulated flat cable In round o o
conductor(s)| gonductor | o o|  cable In round, “}>*In round Minimum Minimum
and a insulgated having cable cable Minimum | thickness | Minimjum | thickness
ncentric conductors three havingdour| having five | average at.any average atlany
upinsulated insulated | insulated | insulated |thickness | pointof |thickrjess | pointof
donductor conductors fconductors | conductors | of jacket | jacket | ofjadket | jacket
14-3 14-10 14,12 - - 0.045 0.035 (1.14) (0.89)
2-2/0 9-6 10=3 14-8 14-8 0.060 0.050 (1.5p) (1.27)
Copper
3/0, 4/0 4-4/0 2.-4/0 7-2/0 7-1/0 0.080 0.065 (2.0B) (1.65)
- - - 3/0, 4/0 2/0 - 4/0 0.110 0.090 (2.7p) (2.29)
12-3 12410 - - - 0.045 0.035 (1.1%) (0.89)
Aluminum or 2-2/0 9-6 12-3 12-8 12-8 0.060 0.050 (1.5R) (1.27)
copper-clad
aluminum B/0 — 300 4-300 2-300 7-2/0 7-1/0 0.080 0.065 (2.0B) (1.65)
< - - 3/0-300 | 2/0-300 0.110 0.090 (2.7p) (2.29)

ASSEMBLY OF COVERLESS MULTIPLE-CONDUCTOR TYPE USE AND USE-2 CABLES
18 Details

18.1 Single-conductor Type USE and USE-2 cables that individually comply with the requirements in this
Standard are to be assembled with or without a bare (metal-coated) or insulated grounded conductor and
without any overall covering other than an open, skeleton tape or wrap that, when used, obviously is
intended only to hold the cable together. The insulated ungrounded conductors shall all be of the same
size (see 12.3). An insulated grounded conductor shall not be smaller than indicated for a bare grounded
conductor in Table 18.1 and shall be cabled with two or more insulated ungrounded conductors. One fully
insulated grounding conductor that is of the same construction as the circuit conductors is also appropriate
in this construction. The grounding conductor, when used, shall be of a size that is not smaller than
indicated in Table 19.1 and shall be identified as described in 19.2. A bare grounded conductor (no
insulation or other individual nonmetallic covering over the metal-coated copper of the conductor) shall
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comply with 18.2. No insulated conductor other than single-conductor Type USE or USE-2 cable, no
uninsulated grounding conductor, and no other bare conductor shall be used. Each of these assemblies
that includes a bare conductor shall be considered to be a multiple-conductor Type USE or USE-2 cable
that is only for direct burial. Each completed coverless cable shall comply with the dielectric and continuity
requirements in 18.3 and with the tag, carton, or reel marking required in 47.1(i).

18.2 The bare grounded conductor indicated in 18.1 shall comply with each of the following:

a) The conductor shall be of copper with a metal coating complying with (d) of this paragraph.

b) The conductor shall not be smaller in size than indicated in Table 18.1.

c) The_canductor shall be stranded and composed of six or more round wires (strands) that are 14

AWG

d) Eag
coatin

18.3 Where

r larger in size (64.1 mils or 1.63 mm in diameter). See note © to Table 18.1.

a bare grounded conductor is included in the cable, the completed cable sha

h wire (strand) of the bare conductor shall be metal-coated. Tin shall)be used. The metal
) shall comply with 7.1 —7.4.

| be tested for

dielectric voltage withstand as indicated in 29.1 — 29.4 with tap water as the outer electrode and the test

being made 4
completed ca
the cable sha
44) with each
conductor in t
Section 28.

18.4 In an &
USE-2 cables
conductor cal

Sn

fter immersion for at least 60 min. Where a bare grounded conductor is no
ble either shall be tested in tap water after a 60 min erdonger immersion as just indicated or
| be spark tested as required in the Standard for Thermoset-Insulated Wires apd Cables (UL
layer in a multiple-layer cable sparked separately.’ Each insulated and bare
he completed cable shall be individually tested for continuity as described in C

ssembly of two or more insulated cofiductors, consisting of single-conducto
, the lay shall not exceed 60 times' the calculated overall diameter of the
le (including any jacket) in the assembly.

Table 18.1

included, the

10 — 14 AWG
ontinuity Test,

Type USE or
argest single-

hallest size of grounded conductor in coverless Type USE-2 and USE cablles

Size of eag

h insulated conductor

Size of grounded conductor

Round cable with 1 insulated
conductor over which a bare

Aluminum or

Flat cable with 2 insulated conductors
laid parallel with a bare ¢r metal-coated
copper grounded condluctor that is
distributed helically (bpre grounded
conductor is not to be used in valley or
valleys)

copper grounded conductor is

or
round cable with 2 or more insulated

Copper copper-clad distributed helically (bare )
aluminum grounded conductor is not to be .conductors that are cabled with or
used parallel to or cabled with the without a bare or metal-coated copper
insulated conductor) grounded conductor that is cabled in
one or several sections or is distributed
helically: or insulated copper or
insulated aluminum grounded
conductor that is cabled in on or
several sections.
47 AWG 2 4 AWG 6° AWG
3 1 3 5
2 1/0 2 4

Table 18.1 Continued on Next Page
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Table 18.1 Continued

Size of each insulated conductor Size of grounded conductor
Flat cable with 2 insulated conductors
laid parallel with a bare or metal-coated
copper grounded conductor that is
distributed helically (bare grounded
Round cable with 1 insulated conductor is not to be used in valley or
conductor over which a bare valr}ys)
Aluminum or copper grounded conductor is . .
Copper copper-clad distributed helically (bare '°”"‘t’j °atb'e "'t’;‘thtz or mg‘;e(;“s::fted
aluminum grounded conductor is not to be conductors that are cabled with or
used parallel to or cabled with the without a bare or metal-coated copper
i lated juctor) grounded conductor that is cabled in
[—one or several sections of is distributed
helically: or insulateq copper or
insulated aluminum jgrounded
conductor that is cabled in on or
seVeral sectigns.
1 2/0 1 3
1/0 3/0 1/0 2
2/0 4/0 2/0 1
3/0 250 kemil 3/0 1/0
4/0 300 4/0 2/0
250 kemil 400 250 kemil 3/0
300 450 300 4/0
350 500 350 250 kemil
400 600 400 300
450 650 450 350
500 750 500 400
550 850 550 450
600 900 600 500
650 1000 650 550
700 1100 700 600
750 1200 750 650
800 1350 800 700
900 1500 900 800
1000 1750 1000 900
1100 2000 1100 1000
1200 - 1200 1100
1250 - 1250 1150
1300 - 1300 1200
1400 - 1400 1300
1500 - 1500 1400
1600 - 1600 1500
1700 - 1700 1600
1750 - 1750 1650
1800 - 1800 1700
1900 - 1900 1800

Table 18.1 Continued on Next Paae
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Table 18.1 Continued

Size of each insulated conductor

Size of grounded conductor

Round cable with 1 insulated
conductor over which a bare
copper grounded conductor is

valleys)

. or
Aluminum or

Flat cable with 2 insulated conductors
laid parallel with a bare or metal-coated
copper grounded conductor that is
distributed helically (bare grounded
conductor is not to be used in valley or

round cable with 2 or more insulated

Copper copper-clad distributed helically (bare h
alz?ninum grounded conductor is not to be _conductors that are cabled with or
used parallel to or cabled with the without a bare or metal-co_ated copper
insulated Juctor) grounded conductor that is cabled in

|_one or several sections ¢r is distributed

helically: or insulatefl copper or

insulated aluminum grounded
conductor that'is cahled in on or
several sectipns.
2000 - 2000 1900

@ Cables having
bare concentric
withstand the m

® The six 14 AW
a seventh 14 A

echanical forces and corrosive influences normally encountered in direct.burial. See 18.2(c).

G wires (strands) indicated in 18.2(c) fall short of providing the requifed 6 AWG grounding conduc
VG wire may be added or six round wires at least 66 mils (2.68 mm) in"diameter are to be used.

insulated conductors smaller than 4 AWG copper or 2 AWG aluminum or copper-clad aluminum g
conductor because, in the absence of an overall covering, the unprotected concentric wires are to|

re not to have a
b small to

or. In this case,

ASSEMBLY (
19 Details

19.1 The cin
pumps (see 1|
copper-clad 3
aluminum co|

solid or strang
as the circuit
Table 19.1 for
conductors in

47.1(h) regardling adherence of the insulation to the conductor. See 14.3 for the long-term e

insulation or |

grounding corrductors shall be assembled in one of the four following ways:

DF SUBMERSIBLE PUMP CABLES

cuit conductors in a cable for use within well casings for wiring deep-well sub

hductors. These conduecters” shall be single-conductor Type USE or US
grounding compductor is not required. Where used, a grounding conductor shall consist of a

conductors. The @rounding conductor shall be of a size that is not smaller th

.8) shall be an assembly of solid.or stranded 14 — 2 AWG copper, 12 — 2 AW
luminum, or stranded 1 — 4/0/AWG copper or 1 AWG — 300 kcmil aluminum
ed conductor that is‘ef the same construction of single-conductor Type USE g

the largest size circuit conductor used and shall be identified as described in
a submersible-pump cable shall be of the same metal. See the required f{

hcket material not named or not complying with the specified short-term tests.

mersible water
5 aluminum or
br copper-clad
F-2 cables. A
fully insulated
r USE-2 cable
an indicated in
19.2. All of the
lag marking in
yaluation of an
lhe circuit and

a) ROUND; JACKETED CABLE — Two through SiX circuit conductors pius any grounding conductor
are to be cabled (length of lay not specified) with an overall 60°C (140°F) jacket. The jacket shall be
of CP, thermoset CPE, NBR/PVC, neoprene, or XL in the thicknesses indicated in Table 19.2 for
the largest size circuit conductor used and with physical properties complying with Table 50.10
(CP), 50.31 (thermoset CPE), 50.87 (NBR/PVC), 50.112 (neoprene), or 50.230 (XL) in UL 1581.

Seem

arkings in 40.2 - 40.4.

b) COVERLESS, CABLED ASSEMBLY — Two through six circuit conductors plus any grounding
conductor are to be cabled (length of lay not specified) without an overall covering. See markings in
40.3and 40.4.

c) FLAT CABLE WITH AN INTEGRAL WEB - Two or three circuit conductors of the same size plus
any grounding conductor are to be laid flat and parallel to one another with an interconnecting web
between adjacent conductors extruded simultaneously with the insulation, integral insulation and
jacket, or jacket of the single-conductor Type USE or USE-2 cables that make up the pump cable.
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Any grounding conductor that is included and at least one circuit conductor shall be identified by
surface striping or word printing. The minimum thickness at any point of the insulation, integral
insulation and jacket, or jacket on each circuit conductor and any grounding conductor after
separation shall not be less than the minimum thickness at any point indicated for the insulation,
integral insulation and jacket, or jacket of single-conductor Type USE or USE-2 cable of the same

construction. See markings in 40.2 —40.4.

d) FLAT, JACKETED CABLE WITH A NONINTEGRAL WEB — Two or three circuit

conductors of

the same size plus any grounding conductor are to be laid flat and parallel to one another with a
nonintegral, overall jacket complying with (a) of this paragraph applied over them. There shall be

an interconnecting web between adjacent conductors. The web shall be integral wi
The thickness of the web is not specified. See markings in 40.2 — 40.4.

ith the jacket.

19.2 An insujated Type USE or USE-2 conductor intended for use as an insulated equipm
conductor sh
outer surface With or without one or more straight or helical, broken (non-continuous)-or un
stripes. See 36¢.3 for details on stripes. Where there is more than one grounding cotiductor in
each must be fistinguishable from the other(s) such as, one striped and one noftstriped. In th
webbed submiersible-pump cable [see 19.1 (c) and (d)] that includes an.insulated equipm
conductor, the| grounding conductor shall be identified as such either as indicated above in t
or by means df readily legible ink printing of "grounding only", or other wording to the same

bnt-grounding

| be finished to show the color green throughout the entire length and.circunpference of its

broken yellow
an assembly,
e case of flat,
ent-grounding
his paragraph
effect, on the

outer surface ¢f the finished conductor.
Table 19.1
Size of grounding conductor where used in Type USE@nd USE-2 and in submersible pump cables
Size of circuit conductors Smallest size of grounding conductor
Circuit conductors of aluminum or of the same metal as the circuit
Circuit conjductors of copper copper-clad aluminum conductors
14 AWG - 14 AWG
12 12 AWG 12
11-8 10 10
6-3 8-6 8
2-3/0 4-1 6
4/0 1/0 - 4/0 4
- 300 kemil 2
Tabhla 409
TAavic 4

Thicknesses of nonintegral jacket 6n submersible pump cables

AWG size of circuit Minimum average thickness of jacket Minimum thickness at any point of jacket
conductors mils (mm) mils (mm)
14-10 15 (0.38) 12 (0.30)
8-2 30 (0.76) 24 (0.61)
1-4/0 45 (1.14) 36 (0.91)
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PERFORMANCE

20 Flame Test of Cable

20.1
1581.

21

211

Flexibility Test of Cable at Low Temperature

A specimen of finished Type SE cable shall comply with the Cable Flame Test, Section 1061 of UL

After cooling for 4 h to -25.0 +2.0°C (-13.0 £3.6°F), finished cable shall comply with the

requirements of Flexibility at Low Temperature Test, Section 583 of UL 1581. Coverless multiple-conductor

Type USE a

d USE-?2 cables, and submersible-pump cables need not be tested where t

e constituent

single-condud
22 Cold-Im

221 A Typd
(-40° F) whe]
specimens of|
Impact at Abr

tor Type USE or USE-2 cables each comply.
bact Test

USE cable of any construction is to be considered resistant to’a tempera
h neither the insulation nor the jacket, where applicable, “cracks or ruptu
the finished cable are subjected to impact at —40.0 +2.0°C (-40.0 £3.6°F) 4
ormally Low Temperature Test, Section 593 of UL 1581. Coverless multiple-c

USE cables and submersible-pump cables are not required to ¢ tested when the cons

conductor Ty
surface (see 4

23

23.1 The in
aluminum sin
the cable with
or from expos

23.2 There
performance
and compoun|

23.3 The in|
disconnectibl
become dam
long. To stabi

be USE cables each comply. Such cable is to be/marked "-40C" or "minu
10.9) and on the tag, reel, or carton [see 47.1(i)].

Impact-Resistance Test of Single-Conductor Type USE and USE-2 Cables

jle-conductor Type USE and USE-2'cables shall keep a free-falling steel weig
an energy of 5 ft-Ibf or 6.8 J or 0.691 m-kgf from making electrical contact with
ing the conductor to view.

sults of this test on the one indicated size of cable are to be considered repres
Df all sizes of coppér;*aluminum, and copper-clad aluminum cables of the sam
d(s).

pact anvilZs to consist of a steel rod that is mounted on a massive ste
means such as two bolts that make it possible to replace the rod when i
ged by repeated impacts. The rod is to be 3/4 in (19 mm) in diameter and 4-3

ture of —40°C
res when the
s described in
onductor Type
tituent single-
5 40C" on the

Sulation and any jacket of finished'® AWG copper or 4 AWG aluminum ¢r copper-clad

nt that impacts
the conductor

entative of the
e construction

el block by a
s surface has
4in (121 mm)
f the rod. The

izeythe rod on the block, a flat area is to be ground along the entire length ¢

plane of the f

atarea isto be parattettothetongitudimataxis of theTod, andthewidthrof th

flat area is to

be 1/2 in (13 mm). A hole for a 1/4 in-diameter (19 mm-diameter) bolt is to be drilled through the rod 1 in
(25 mm) from each end. The longitudinal axis of each hole is to be perpendicular to the flat area on the
centerline of the flat area. The steel block is to be 4-3/4 in long by 2-1/2 in wide by 4 in high (121 mm by 64
mm by 102 mm). The rod is to be bolted to one of the faces of the block that measure 4-3/4 in by 2-1/2 in
(121 mm by 64 mm), with the flat area of the rod contacting the face of the block, and with the 4-3/4 in (121
mm) dimensions of the block and rod parallel. The heads of the two bolts are to be countersunk below the
surface of the rod to keep them from being struck by the impact weight. A straight line through the center
of gravity of the rod is to be coincident with a straight line through the center of gravity of the block and is to
be perpendicular to the plane of the surface of the block to which the rod is bolted at the center of that
surface of the block. The block is to be secured to a rigid support such as to a vertical steel load-bearing
building column or to a concrete floor immediately adjacent to such a column.

23.4 The impact energy is to be supplied by a 5 Ib (2.27 kg) steel weight that is 1-1/2 in (38 mm) high and
has a flat, rectangular lower surface (the impact face) measuring 4-3/4 in by 2-1/2 in (121 mm by 64 mm).


https://ulnorm.com/api/?name=UL 854 2024.pdf

32 UL 854 JULY 2, 2024

The edges and corners of the impact face are to be rounded and the longitudinal axis of the weight that is
parallel to the 1-1/2 in (38 mm), (height) dimension is to be perpendicular to the plane of the impact face at
the center of that face. Opposite sides of the weight are to be flat and parallel to one another and to the
longitudinal axis just mentioned. Adjacent sides of the weight are to be mutually perpendicular. The end of
the weight that is opposite to the impact face is to have an attachment by means of which the weight can,
by machine, be lifted, suspended, and released to fall freely.

23.5 The weight is to be supported with its impact face horizontal. The 4-3/4 in (121 mm) dimensions of
the weight and the rod are to be parallel. A vertical line through the centers of gravity of the impact weight
and the stationary anvil is to be coincident with a vertical line through the dimensional center of the impact
face of the weight. A set of rails or other vertical guide(s) is to constrain the weight and keep its impact
face horizontal while the weight is falling and after it has struck the cable. The guide(s) are not to interfere

with the free f.
weight to fall
weight from st

23.6 The ca
equilibrium wi
throughout the

23.7 A repre
with any jacke
spaced along

be closer than|
above the rod
of the rod. For
the cable is to
vertical lines d
neon lamp to

parts of the im
wire.

23.8 The po
mm) above th
the guide(s), i
(305 mm) heid
same way. WH
orlonger atm

ITof the weight. A mechanism IS 10 be provided at the top of the guide(s) 10
freely through a height and strike the cable. A means is also to be provide
iking the cable more than once during each drop.

ble, the anvil, the weight, and the remainder of the test equipmént are to
th one another and the surrounding air at a temperature of 23.0 +5.0°C
test.

sentative 100 in (2540 mm) straight length of the finishied production cable ig
over the insulation remaining in place. The cable is)te/be tested at each of ten
ts length. These points are not to be closer together than 10 in (254 mm), ang
5in (127 mm) to an end of the cable. The weight is to be secured several ca
and the cable is to be placed across the rod with the first test point at the cente
a distance of at least 10 in (254 mm) to*each side of the test point, the longi
be horizontal, perpendicular to the rod,fand in the vertical plane that contains
escribed in 23.5. The conductor in the cable is to be connected in series with
he energized conductor of a 120-V 48 — 62 Hz a-c supply circuit. The weight
pact apparatus are to be connected together, to earth ground, and to the grg

bition of the weight isyto be adjusted to place the lower, impact face of the wei
b upper surface of-the cable. The weight is to be released from this height, is
5 to strike the cable once, and is then immediately to be raised to and secure
ht. Each of the remaining nine test points on the cable is to be impacted in suc
en the canductor is visible at any of the ten test points or when the lamp light

releasing the
d to keep the

be in thermal
(73.4 £9.0°F)

to be tested,
points evenly
no point is to
ble diameters
r of the length
udinal axis of
he coincident
a 3-W 120-V
and all metal
unded supply

ght 12 in (305
o fall freely in
d at the 12 in
cession in the
5 momentarily

bre than two of the test points the cable does not comply with the impact-resistance test.

24 Crushing

-Resistance Tests of Single-Conductor Type USE and USE-2 Cables

24 1

In each of three tests, an average of at least the following specified force shall be necessary to

crush finished 6 AWG copper (4 AWG) aluminum or copper-clad aluminum single-conductor Type USE
and USE-2 cables to the point that electrical contact is made between the conductor in the cable and

either of the m

etal plates between which the cable is crushed:

a) TEST without CURRENT — 1000 Ibf or 4448 N or 454 kgf without any current flowing in the

cable.

b) TEST with RATED CURRENT — 800 Ibf or 3559 N or 363 kgf with the cable carrying the free-air
75°C (167°F) wet-locations rated current (see 24.5) for a single Type XHHW conductor of the same

size.

c) TEST with OVERLOAD CURRENT - 600 Ibf or 2669 N or 272 kgf with the cable carrying a
current (see 24.6) that maintains the temperature of the conductor at 100.0 £2.0°C (212.0 £3.6°F).
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242 The results of these three tests on the one indicated size of cable are to be considered
representative of the performance of all sizes of copper, aluminum, and copper-clad aluminum cables of
the same construction and compound(s).

24.3 For each of the three tests, a separate representative minimum 100 in (2540 mm) straight length of
the finished production cable is to be tested. Any jacket over the insulation is to remain in place. The cable
is to be tested at each of ten points along its length. These points are not to be closer together than 10 in
(254 mm), and no point is to be closer than 5 in (127 mm) to an end of the cable. Each test point on the
cable is to be placed between 2 in wide (50 mm wide) flat, horizontal steel plates in a compression
machine whose jaws close at the rate of 0.50 in/min £0.05 in/min (10 mm/min £1 mm/min). Each plate is to
be at least 0.5 in (12.7 mm) thick. The cable is to be parallel to the 2 in (50 mm) dimension of the plates
and the cable is to be straight and horizontal for a distance of at least 10 in (254 mm) to each side of the

test point. Th

current-limitin|
of the testing

24.4 For thd
thermal equili

24.5 For the
output of an

output windin
the conducto
AWG aluminy
and is to flov
equilibrium wi

F-conductor in the cable IS 10 be connected In series with a light-emiting dio
O resistor to one terminal of a battery. The plates are to be connected togethe
machine, to earth ground, and to the second terminal of the battery, see-Figure

test without current, the cable, the test equipment, and the surfounding a
brium with one another at a temperature of 23.0 +5.0°C (73.4 £9.0°F) througho

solation transformer. The core of the transformer is_to/be connected to eart
j of the transformer is not to be grounded. A current'of 95 A is to flow in the ¢

is 6 AWG copper. A current of 100 A is to flow.in the conductor when the
m or copper-clad aluminum. This current is toiflow for 60 min previous to the s
v throughout the test. The test equipmentzand the surrounding air are to
th one another at a temperature of 23.0 +5.0°C (73.4 +9.0F) throughout this te

24.6 For th

test with overload current, a thermocouple is to be soldered or cemente

conductor in the center third of the length of theycable, with the insulation and any jacket rep
thermocouplel and sealed with a minimum @mount of masking tape. The conductor in the
connected to|the low-voltage output of\an isolation transformer. The core of the transfq
connected to arth ground. The output winding of the transformer is not to be grounded. Th
to carry a cufrent of a magnitude.that results in a temperature of 100.0 +2.0°C (212.0 A
surface of thelmetal conductor under the insulation as registered by the thermocouple. The
adjusted as necessary to maintain the temperature of the conductor in the indicated ran
previous to the start of the test and throughout the test. The test equipment and the surrour
be in thermal|equilibrium-with one another at a temperature of 23.0 +5.0°C (73.4 +9.0°F) t
test. The temperature of the conductor is to be recorded as the cable is tested at the firg
points.

e (LED) and a
r, to the metal
24.1.

r are to be in
ut the test.

test with rated current, the conductor in the cable is to be connected to the low-voltage

n ground. The
bnductor when
conductor is 4
tart of the test
be in thermal
bt.

1 to the metal
laced over the
cable is to be
rmer is to be
e conductor is
+3.6°F) on the
current is to be
ge for 60 min
ding air are to
hroughout this
t and last test

247

In each of the three tesfts, the ten fest points of the cable are to be subjected in succession to an

increasing force until electrical contact occurs (as indicated by the LED lighting) between the conductor in
the cable and one or both of the metal plates. The force at which the contact occurs is to be recorded for
each of the ten test points. In each test, the sum of the ten forces is to be divided by 10 to obtain the
average crushing force for the cable. When the average force obtained in any of the three tests is less
than specified in 24.1 (a), (b), or (c) the cable does not comply with the crushing-resistance test.


https://ulnorm.com/api/?name=UL 854 2024.pdf

34 UL 854 JULY 2, 2024

Figure 24.1

Wiring diagram for crushing-resistance test
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25 Overload Test of Single-Conductor Type USE and USE-2 Cables

251

Finished 6 AWG copper or 4 AWG aluminum or copper-clad aluminum single-conductor Type USE

and USE-2 cables shall not rupture or flame at any time as the result of heating of the conductor by the

following currents flowing in immediate succession as described in 25.4:
a) 150 A for 30 min.
b) 175 A for 5 min.
¢) 200 A for 5 min.

d) 225 A for 5 min.

e) 250|A for 5 min.
f) 275 A for 5 min.
g) 304 A for the short time that it takes to adjust the current from a cohstant 275 A
300 A
25.2 The results of this test on the one indicated size of cable are {0 be considered repreg

performance
and compoun

pf all sizes of copper, aluminum, and copper-clad aldminum cables of the sam
d(s).

25.3 One re
jacket over th
flat-bottomed
erupts from th

presentative 11 ft (3.5 m) straight length of the finished production cable is to

trough that is open at the top and ends and has side walls to retain any hg
e cable. The trough is to be made ef-soft wood nominally 3/4 in (20 mm) thig
lined with firefresistant, chemically-inert, and electrically-nonconductive sheeting. The finish
have approxifmately the following inside dimensions: 12 ft long by 10 in wide by 9 in deep (
250 mm wide|by 225 mm deep). At each end of the cable, the conductor is to be stripped fof
and connectgd by means of a connector that is intended for the purpose to the low-voltag
isolation trangformer. The core of the transformer and one side of the output winding are to
to earth ground. The air in the testroom is to be at a temperature of 23.0 +5.0°C (73.4 £9.0
the test. Air movement in the test/area is to be minimal.

25.4 Current is to be started flowing in the conductor, is to be quickly adjusted to 150 A, ar
held constant|at 150 A\The start of the flow of current is to activate a timer. As soon as the
that 30 min have elapsed since the start of the flow of current, the current is to be quickly in
A and then held\constant at 175 A. As soon as the tlmer |nd|cates that 5 min have elag

to a constant

entative of the
e construction

be tested. Any

e insulation is to remain in place. The cablg.is to be laid straight down the center of a straight,

t material that
k and is to be
ed trough is to
8.75 m long by
a short length
e output of an
be connected
’F) throughout

d then is to be
imer indicates
reased to 175
sed since the

current was 4

onstant at that

level until 5 min have elapsed smce the current was 175 A. The current is to be further increased and held
constant in this manner in increments of 25 A, with the short time for adjustment included at the beginning

of each 5 min period. This is to continue until the current has been adjusted to a consta
current is not to be held at 300 A. As soon as the 300 A current is constant, it is to be reduc
the test is to be discontinued. The cable does not comply with the overload test when it rupt
at any time during the flow of current or after the current is reduced to zero.

nt 300 A. The
ed to zero and
ures or flames

26 Overload Test of Conductors in Jacketed, Multiple-Conductor Type USE and USE-2 Cables

26.1 Jacketed, multiple-conductor Type USE and USE-2 cables containing either of the

following shall

not flame or rupture while a current of 150 A is flowing through all of the conductors in the cable connected

in series for 60 min as described 26.2:
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a) Three insulated 6 AWG copper conductors or two insulated 6 AWG copper conductors and a 6

AWG u

ninsulated copper conductor, or

b) Three insulated 4 AWG aluminum or copper-clad aluminum conductors or two insulated 4 AWG
aluminum or copper-clad aluminum conductors and a 4 AWG aluminum or copper-clad aluminum

uninsul

ated conductor.

This requirement applies to cable with an uninsulated conductor regardless of how the conductor is
assembled into the cable — cabled in one or several sections, laid straight in one or both valleys, or
distributed helically.

26.2 One 11 ft (3-1/2 m) specimen of finished cable with 6 in (150 mm) of the overall covering removed

from each en
to retain any
lined with fire
dimensions of]
deep. The co

IS 10 be placed in a straight, open (open top and ends), flat-bottomed trough
ot material. The trough is to be made of soft wood nominally 3/4 in (20 mm)
resistant, chemically-inert, and electrically-nonconductive sheeting; and)is t
approximately 12 ft by 10 in wide by 9 in deep (3-3/4 m long by 250. mm wid
hductors are to be connected in series by means of short jumpers at eac

ith side walls
thick; is to be
b have inside
e by 225 mm)
h end of the

specimen. At ¢ach end of the specimen, connection (by means of a connector intended for the purpose) is

to be made be
to be maintain
the 60 min dos

27 Overload

27.1 A Type
flowing throug

a) Two
condug
AWG ¢

b) Thrg
insulats
copper

27.2 One 11
from each end
to retain any
lined with fire
dimensions of

tween a source of alternating or direct current and the free conductor. A currg
d in the conductors for 60 min. Any cable from which a specimen flames or ri
s not comply with the overload test.

Test of Uninsulated Conductor in Type SE Cable

SE cable containing the following shall nat,flame or rupture while a currern
n the uninsulated conductor for 60 min as*described in 27.2.

nt of 150 A is
ptures during

t of 300 A is

parallel insulated 6 AWG copper conductors and a 6 AWG concentric coppér uninsulated

tor or two parallel insulated 4 AW.G aluminum or copper-clad aluminum condy
pncentric aluminum or copper-clad aluminum uninsulated conductor.

e insulated 6 AWG copperconductors and a 6 AWG copper uninsulated cong
bd 4 AWG aluminum -or copper-clad aluminum conductors and a 4 AWG
Lclad aluminum uninstilated conductor.

ft (3-1/2 m) speeimen of finished cable with 6 in (150 mm) of the overall cove
is to be placed in a straight, open (open top and ends), flat-bottomed trough
ot material. The trough is to be made of soft wood nominally 3/4 in (20 mm)
resistant, chemically-inert, and electrically-nonconductive sheeting; and is t

ctorsand a4

uctor or three
aluminum or

ring removed
vith side walls
thick; is to be
b have inside
P5 mm) deep.

At each end d

approximately 12 ft by 10 in wide by 9 in deep (3-3/4 m by 250 mm wide by 2

ose) is to be

made between a source of alternating or direct current and the uninsulated conductor. A current of 300 A
is to be maintained in the cable for 60 min. Any cable from which a specimen flames or the tape portion of
the tape and finish covering described in 17.3 ruptures during the 60 min does not comply with the
overload test.

28 Continuity Test

28.1 Finished cable shall be tested for continuity of each 14 — 10 AWG conductor by the cable
manufacturer at the cable factory.

28.2 To determine whether or not the conductor(s) in a finished cable are continuous, the single-
conductor or each of the conductors (one at a time) is to be connected in series with a lamp, buzzer, bell,
or other indicator and a power supply. The conductor is continuous from end to end of the finished cable
when the lamp lights, the bell or buzzer sounds, or the other indicator signals.
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28.3 For the factory production continuity testing of a single-conductor Type USE cable, it

is appropriate

for the manufacturer to substitute a continuous eddy-current procedure complying with 28.4 and 28.5 for

the test in 28.2.

28.4 The eddy-current test arrangement shall include equipment that complies with each of the following:

a) The equipment is to apply current at one or several frequencies in the range of 1 — 125 kHz to a
test coil for the purpose of inducing eddy currents in the conductor moving through the coil at

production speed.

b) The equipment is to detect the variation in impedance of the test coil caused by
the conductor.

each break in

c) The]equipment is to provide a visual indication to the operator.
28.5 The lof
coil. The cabl
distance no g

gitudinal axis of the cable or assembly is to be coincident with the electrical ce

reater than 1/2 in (13 mm). Variations in the speed of the cable through the tes

nter of the test

b is to have little or no vibration as it passes through the test coil ahd’is to clear the coil by a

t coil are to be

, balance, and

limited to plus 50 percent and minus whatever percentage (50 percent’maximum) keeps the signal
amplitude from falling below the level at which a break can be detected. Separate calibratior]
adjustments for sensitivity, maximum signal-to-noise ratio, and maximum rejection of sig

gradual variations in diameter and other slow changes are to be made for each size, type of
conductor material. Calibration without any cable in the test coilis to be made at least
whether the eguipment is functioning. The temperature along the length of the cable being tg

nals indicating
stranding, and
daily to check
sted may vary

from the temperature at which the equipment was calibrated;-balanced, and so forth for that size, type of

stranding, anfl conductor material provided that the variations are gradual and are withg
spots that cayse false signals.

29 Dielectric Voltage-Withstand Test(s)

29.1 A finished cable shall not break dow electrically while being stressed with 48 — 62
sinusoidal rms potential as indicated-in"29.2 — 29.4 (see 18.3 for the modified method
coverless multiple-conductor Type USEand USE-2 cables).

29.2 The apparatus for this\test is to consist of a circuit breaker or other means ¢
breakdown, a[tank of earth-greunded tap water to serve as an electrode in the case of cable
is no uninsulgted conductor, and a testing transformer complying with the following. The w
any convenignt temperature. An rms test potential of at least the value indicated in Tabl

ut hot or cold

Hz essentially
applicable to

f indicating a
in which there
ater is to be at
e 29.1 for the

insulated congluctor(s)used in the cable is to be supplied by a 48 — 62 Hz isolation transforn
output potentjalis.eontinuously variable from zero to at least the specified potential at a
than 500 V/s L\ i i ircui ial i

ner whose rms
ate not higher
(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 output voltage is to be monitored continuously by a voltmeter th

at:

a) When 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,

b) Has an overall accuracy that does not introduce an error exceeding 5 percent.

The maximum current output of which the transformer is capable shall make it possible to routinely test full

reels of the cable without tripping of the circuit breaker by the charging current.
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Table 29.1
Dielectric test potential
Size of insulated conductor(s) RMS test potential in volts

14— 10 AWG 3,000

9-2 3,500

1-4/0 4,000

213 - 500 kemil 5,000

501 - 1000 6,000

1001 — 2000 7,000
29.3 Finishefl cable having an uninsulated conductor and an overall covering is (tovHe tested dry.

Finished cabl¢ without an uninsulated conductor is to be immersed in water for at-least ¢

being tested. ]
(as indicated i

a) The

b) The

In a cable with more than one insulated conductor, an alternative method is to conductivel

insulated cong
conductor or t
potential is to
insulated cong

29.4 Inevery

a) Is ng

b) Is nqg

The increase
reached witho
be reduced to
less than the
specified voltal

[he rms test potential specified for the insulated conductor(s) in Table 29.1 is
N 29.4) between each insulated conductor taken separately and either:

uninsulated conductor when one is employed, or

water when no uninsulated conductor is in the cable.

uctors together and apply the specified test paotential between them and an
he water. In addition, in a cable with more thanone insulated conductor, the

uctor in the cable.

case, the applied potential is to be“increased from zero at a uniform rate that:
t less than 10 V/s, and

t more than 60 V/s.

Lt breakdown, the voltage is to be held constant at the specified level for 60 s
zero. The cable does not comply with the requirement when electrical breakd
specifiedvoltage while the applied voltage is being increased or in less thg

ge.

0 min before
to be applied

y connect the
y uninsulated
specified test

be applied (as indicated in 29.4) between each insulated conductor and every other

s to continue in this‘'manner until the voltage reaches the level specified. When this level is

and is then to
bwn occurs at
n 60 s at the

30 Sunlight

Resistance Tests

30.1

30.1.1

Insulation

30.3.1 after 300 hours of xenon-arc exposure.

The insulation of all jacketed cables shall comply with the Sunlight Resistant test described in

30.1.2 The insulation of all unjacketed cables shall comply with the Sunlight Resistant test described in
30.3.1 after 300 hours of xenon-arc exposure, unless the cable is marked “sunlight Resistant” in
accordance with 40.7, in which case the insulation shall comply with the Sunlight Resistant test described

in 30.3.1 after

720 hours of xenon-arc exposure.
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30.2 Jacket
30.2.1 With the exception of submersible pump cable, the jacket on all cables marked sunlight resistant

in accordance with 40.7 shall comply with the sunlight resistance test described in 30.3.1 after 720 hours
of xenon-arc exposure.

30.2.2 With the exception of submersible pump cable, the jacket on all cables marked sunlight resistant
in accordance with 40.8 shall comply with the sunlight resistance test described in 30.3.1 after 300 hours

of xenon-arc exposure.

30.3 Test Method

30.3.1 The [Sunlight Resistance tests shall be conducted in accordance with the|test Sunlight
Resistance, as described in the Standard for Wire and Cable Test Methods, UL 2556.-The gverage tensile
strength and |ultimate elongation retained after 300 h of xenon-arc exposure shall |not bg less than 85
percent of thg average tensile strength and ultimate elongation of unconditioned specimeng. The average
tensile strength and ultimate elongation retained after 720 h of xenon-arc expésure shall n¢t be less than

80 percent of the average tensile strength and ultimate elongation of unconditioned specime]

30.3.2 Cabl
tensile strength and ultimate elongation after 300 h of xenom=arc exposure is eligibl

ns.

that does not comply with the requirement in 30.3.1 for’85 percent or better retention of

e to have its

performance feevaluated on the basis of the results of testing after 100, 300, and 500 h of xenon-arc
exposure. Five specimens are to be conditioned for each of the.three indicated lengths of time. The cable
is appropriatelfor use when the results of this testing comply‘with each of the following requitements:

a) The average tensile strength and ultimate elongation retained after 100 h of xenorn-arc exposure

shall mot be less than 65 percent of the.-average tensile strength and ultimate| elongation of
unconglitioned specimens.
b) The rate of decrease of the percent retention of average tensile strength and ultimate elongation
from 100 h to 300 h of xenon-arc:exposure shall not exceed 15.
c) Thelrate of decrease of the percent retention of average tensile strength and ultimate elongation
from 300 to 500 h of xenon-arc exposure shall not exceed 5.
31 \Vertical{Tray Flame Test(Type SE)
31.1 All siz¢s of finished Type SE cables that are marked (see 40.6) for use in cable trays are
appropriate for use.in cable trays when two sets of specimens of the finished 3-conductgr construction
containing two, 6 YAWG insulated conductors and a concentric uninsulated conductor [are tested in
accordance with—the—Ut—FtameExposure,Sections4— 1 of the Tequirements—forvertical-tray fire-

propagation and smoke-release test for electrical and optical-fiber cables of UL 1685, or the FT4/IEEE
1202 Type of Flame Exposure, Sections 12 — 19 of UL 1685 and comply with the requirements therein.
Smoke measurements are not applicable.

32 Low-Temperature Pulling-Through-Joists Test

32.1 Finished Type SE cable with or without an uninsulated conductor shall be constructed to withstand
the low-temperature pulling-through-joists test described in 32.1 — 32.8 without damage to the overall
tape-and-PVC-finish covering to the extent that the parts of the cable underlying the covering are exposed
to view. The cable does not comply with the requirement when the interior of the cable is exposed on
either of two test lengths, however both lengths shall be tested. See the second sentence of 32.8.
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32.2 The joists are to be simulated by four straight knot-free 6 in (150 mm) or longer lengths of Douglas-
fir 2-by-4 kiln-dried lumber [actual cross section measures 1-1/2 in by 3-1/2 in (38 mm by 89 mm)]. Both
ends of each length are to be cut perpendicular to the long surfaces.

32.3 By means of a power wood auger, two holes of the diameter indicated in Table 32.1 are to be bored
(at a speed of 1800 r/min) through the broad faces of each length of 2 by 4 as shown in Figure 32.1. 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 2-3/8 in (60 mm) apart. No attempt is to be made to smooth or round the edges of the holes
or to remove splintered wood, sawdust, or drilling chips from the holes.

Table 32.1
Size-of hole
Calculated diameter over finished round cable or Nominal diameter of each tound hole
length of major axis of finished flat cable in blocks of wood
inches (mm) inches (nmpm)
Not over|0.710 (Not over 18) 1-1/8 29)

Over 0.710 but jot over 0.800
Over 0.800 but njot over 0.875
Over 0.875 but rjot over 0.950
Over 0.950 but jot over 1.025

(

Over 18 but not over 20) 1-1/4 (32)
Over 20 but not over 22) 1-3/8 (35)
Over 22 but not over 24) 1-12 (38)
Over 24 but not over 26) 1<5/8 41)

(
(
(
(
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