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INTRODUCTION

1 Scope

1.1
described in

These requirements cover the shielded and nonshielded medium-voltage power cables that are

Table 1.1 (single-conductor) and Table 1.2 (multiple-conductor). Multiple-conductor cables

may include one or more individually jacketed non-conductive optical-fiber members. These electrical and

hybrid electri

cal and optical-fiber cables are for use (optical and electrical functions associated in the case

of a hybrid cable) in accordance with Article 328 and other applicable parts of the National Electrical Code
(NEC), NFPA 70.

1.2 These ¢
solid, extrud
grounding pa
and have an
in cable trayg
so marked (9
temperature
of 105°C (22
(194°F). CaQ
insulation thg
optical-fiber

exposure to

resistant I” affe for exposure to mineral oil at temperatures not\in excess of 60°C (140°F).

1.3 A multi
or that has in

1.4 This sta

it is possiblg¢ to have a single-conductor cable with a concentric neutral conductor ma

accordance
conductor sh

ables-have-one-ormore-strs or-aly um-conductors-that-are-insulated with a
pd dielectric. Cables that have a metal sheath or interlocked armor incorpgrate an effective
th. A grounding conductor is optional in other cables. Cables for direct burial gqre so marked
overall covering (see 1.4 for direct-burial cables that are not covered). Cables that are for use
generally are so marked (see 62.1 and 62.2). Cables that are sunlight-resistant generally are
ee 64.1 — 64.3). Cables that are marked “MV-90” or “MV-90 dry”,have a maxinmum operating
of 90°C (194°F). Cables that are marked “MV-105" have a maximum operating temperature
1°F) for use where design conditions require a maximum conductor temperaturg above 90°C
les that are marked “dry” have insulation for use only in dry locations. All othef cables have
t is for use in both wet and dry locations. Multiple-conductor cables that include¢ one or more
members are surface marked to so indicate. Cables.that are marked “oil resisfant 1I” are for
mineral oil at temperatures not in excess of 75°C (167°F). Cables that ar¢ marked “oil

ple-conductor Type MV cable that has a smooth (other than lead) or corrugated|metal sheath

terlocked metal armor may be marked.for use also as Type MC cable.

ndard does not include requirements for cables with concentric neutral conductprs. However,
nhufactured in
vith the requirements of other standards, that meets the requirements for jagketed single-

ielded cable in this standard.
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Table 1.1
Single-conductor Type MV cables
Voltage Percent insulation Insulation
rating Size Use lnsulation-material level thick Shield Overall covering
8 AWG - 1000 90°C (194°F) dry XLPE or EPCV - Column ATable 15.3 norlshielded None
2400 kemil 90°C¢ (194°F) dry XLPE, EPCV, DREP, or - Column B Table 15.3 noAshieIded Nonconductive jacket
EP Column B Table 27.20
90°C [194°F) wet or XLPE, DREP, or EP - Column C Table’16.3 nonshielded Nonconductive jacket
dry Column C Table 27.20
5000 8 AWG - 2000 90°C (194°F) XLPE, DREP, or EP 100 or 133 Table 15.1 or Table Shielded a
kemil or 15.2
10%°C (221°F)
Vet or dry
6 AWG - 2000 90°C (194°F) XLPE, DREP, or EP 100, 133, or 173 Table 15.1 or Table Shielded a
8000 kemil or 15.2
10%°C (221°F)
Vet or dry
2 AWG - 2000 90°C (194°F) XLPE, DREP, or EP 100, 133,%r 173 Table 15.1 or Table Shielded a
kemil or 15.2
15000 10$°C (221°F)
Vet or dry
1 AWG - 2000 90°C (194°F) XLPE, DREP, or EP 100, 133, 0or 173 Table 15.1 or Table Shielded a
kemil or 15.2
25000 10$°C (221°F)
Vet or dry
1 AWG - 2000 90°C (194°F) XLPE, DREP; or EP 100, 133, or 173 Table 15.1 or Table Shielded a
kemil or 15.2
28000 10$°C (221°F)
Vet or dry
1/0 AWG - 2000 90°C (194°F) XLPE, DREP, or EP 100, 133, or 173 Table 15.1 or Table Shielded a
kemil or 15.2
35000 10$°C (221°F)
et or dry.
@ The overall covering consists of one of tie following (see Table 26.1 for complete descriptions):
1) Conductive nonmetallic insutatiorrcovering (Tabte17-3)aspartof shietding; withror without Trormmragretic metatsheattrorarmor over conductive nonmetallic insulation

covering as part of shielding, with or without supplementary non-conductive jacket (Table 29.1) over metal sheath or armor.

2) Non-conductive jacket (Table 27.18) over shielding, with or without nonmagnetic metal sheath or armor over non-conductive jacket, with or without supplementary non-
conductive jacket (Table 29.1) over metal sheath or armor.

3) Nonmagnetic metal sheath or armor as part of shielding, with or without supplementary non-conductive jacket (Table 29.1) over metal sheath or armor.
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Multiple-conductor Type MV cables

Table 1.2

Circuit conductors

Percent al
Voltage Insulation insulation Insulation Individu Grounding Overall
rating material level thicknesses covering conductor covering
2400 8 AWG - 1000 XLPE or EPCV - Column A Table None Optional None —
15.3 Covered 23.1 assembly of
single-conductor
cables
XLPE, EPCV, - Column B Table Non-conductive Optional None —
DREP, or EP 15.3 jacket Column B | Covered 23.1 assembly of
Table 27.2pD single-conductor
cables
XLPE, DREP, or - Column C Table Non-conduclive Optional None —
EP 15.3 jacket Column C | Covered Table assembly of
Table 27.2D 23.1 single-conductor
cables
XLPE, DREP, or ColumnC Table None or Non- Optional Bare Non-conductive
EP 15.3 conductive 23.5 jacket (Table
jacket (Table 27.18)
19.1)
- Required Bare Interlocked
231 armor with or
without
Supplementary
jacket
May be required Metal sheath
Bare 23.3 and with or without
23.4 Supplementary
jacket
5000 8 AWG - 2000 XEPE, DREP, or 100 Table 15.1, Table Non-conductive Optional None
EP 15.2 jacket (Table Covered 23.1
27.18) over
shield
Conductive Optional None
nonmetallic Covered Table
insulation 23.1
covering (Table
17.3) as part of
shield

Table 1.2 Continued on Next Page
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Table 1.2 Continued
Circuit conductors
Percent
VOItage insutation insttation hHrsttation Individual, Grounding Overall
rating Size UsL material level thicknesses Shield covering conductor covering
MetalSheath fas Optional None
part of shield Covered 23.1
with or without
Supplementdry
jacket
8000 6 AWG — 2000 201C XLPE, DREP, or | 100, 133, or Table 15.1, Table Shielded None or Non- Optional Bare Non-conductive
kemil (194°F) ar 105°C EP 173 15.2 conductive 235 jacket (Table
(221°F)|wet or jacket (Table 27.18)
dr 19.1)
Required Bare Interlocked
23.1 armor with or
without
Supplementary
jacket
15000 2 AWG - 2000 9091C XLPE, DREP, or | 100, 133, or May be required Metal sheath
kemil (194°F) gr 105°C EP 173 to Bare 23.3 and | with or without
(221°F)|wet or 234 Supplementary
dr jacket
Non-conductive Optional None
jacket (Table Covered 23.1
27.18) ove
shield
25000 1 AWG - 2000 901C XLPE, DREP,ory 100, 133, or Conductivg Optional None
kemil (194°F) ar 105°C EP 173 nonmetallid Covered 23.1
(221°F)|wet or insulation
dr covering (Talile
17.3) as part|of
shield
Metal sheath fas Optional None
part of shieldd Covered 23.1
with or without
supplementalry
jacket
28000 1 AWG - 2000 90°C XLPE, DREP, or | 100, 133, or Table 15.1, Table None or Non- Optional Bare Non-conductive
kemil (194°F) or 105°C EP 173 15.2 conductive 235 jacket (Table
27.18)

Table 1.2 Continued on Next Page
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Table 1.2 Continued

Circuit conductors

Percent

jacket

VOItage frstiiation frstation rstiation Individual Grounding Overall
rating Size Use material level thicknesses Shield covering conductor covering
(221°F) wet or jacKet,(Table
dry 19.1)
Required Bare Interlocked
23.2 armor with or
without
Supplementary
jacket
May be required Metal sheath
Bare 23.3 and with or without
23.4 Supplementary
jacket
35000 1/0 AWG — 2000 aorC XLPE, DREP, or | 100, 133, or Table 15.1,-Table Shielded Non-conducfive Optional None
kemil (194°F) pr 105°C EP 173 15.2 jacket (Table Covered Table
(221°F) wet or 27.18) over 23.1
dfy shield
Conductive Optional None
nonmetallic Covered 23.1
insulation
covering (Taple
17.3) as parf of
shield
Metal sheath] as Optional None
part of shie]d Covered 23.1
with or withqut
Supplementary
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2 Units of Measurement

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

3 Referenced Publications

3.2 Anyund
interpreted as

3.3 The follg
ASTM B3, St

ASTM B8, Sf
or Soft

ASTM B33, §

ASTM B230,

ASTM B231/B231M, Standard Specification for.Concentric-Lay-Stranded Aluminum 1350 Co

ASTM D257,

ASTM B400
1350 Condud

ASTM D412,

ASTM B496,

ated reference to a code or standard appearing in the requirements of this stan
referring to the latest edition of that code or standard.

wing publications are referenced in this standard:
bndard Specification for Soft or Annealed Copper Wire

andard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, M

tandard Specification for Tin-Coated Soft or Annealed Copper Wire for Electrica

Standard Specification for Aluminum 1350-H19 Wire for Electrical Purposes

Standard Test Methods for DG Resistance or Conductance of Insulating Materia

B400M, Standard Specification for Compact Round Concentric-Lay-Strandsg
fors

Standard Test-Wlethods for Vulcanized Rubber and Thermoplastic Elastomers —

Standard-Specification for Compact Round Concentric-Lay-Stranded Copper Cd

ASTM D746,

Wherever the designation “UL 1581” is used in this cable standard, reference is to be made to the

(UL 1581).

dard shall be

fedium-Hard,

Purposes

hductors
s

d Aluminum

Tension

nductors

Standard Test Method for Brittleness Temperature of Plastics and Elastomers b

Impact

ASTM B801, Standard Specification for Concentric-Lay-Stranded Conductors of 8000 Series Aluminum
Alloy for Subsequent Covering or Insulation

ASTM B835, Standard Specification for Compact Round Stranded Copper Conductors Using Single Input
Wire Construction

ASTM B836, Standard Specification for Compact Round Stranded Aluminum Conductors Using Single
Input Wire Construction

ASTM B901, Standard Specification for Compressed Round Stranded Aluminum Conductors Using Single
Input Wire Construction
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ASTM B902/B902M, Standard Specification for Compressed Round Stranded Copper Conductors, Hard,
Medium-Hard, or Soft Using Single Input Wire Construction

ASTM D1248, Standard Specification for Polyethylene Plastics Extrusion Materials for Wire and Cable

ASTM D1693, Standard Test Method for Environmental Stress-Cracking of Ethylene Plastics

ASTM D4703, Standard Practice for Compression Molding Thermoplastic Materials into Test Specimens,
Plaques, or Sheets

ASTM D2132, Standard Test Method for Dust-and-Fog Tracking and Erosion Resistance of Electrical

Insulating M4

ASTM D227
Subjected to

ASTM D276
Ethylene Pla

ICEA T-32-6
Components

NFPA 70, Nag
UL 486A-484
UL 1581, Re

UL 1685, Ve

terials

5, Standard Test Method for Voltage Endurance of Solid Electrical-Insulat
Partial Discharges (Corona) on the Surface

b, Standard Test Methods for Determination of Gel Content and ‘Swell Ratio @
Stics

45, Test Method for Establishing Volume Resistivity~"Compatibility of Wi
with Extruded Semiconducting Shield Materials

tional Electrical Code (NEC)
B, Wire Connectors
ference Standard for Electrical Wires;:.Cables, and Flexible Cords

tical-Tray Fire-Propagation and Smoke-Release Test for Electrical and Optical-H

UL 2556, Wife and Cable Test Methods

CONSTRUC
4 Materials

41 Onlym

TION

bterials-that are acceptable for the particular use shall be used in a cable.

4.2 Eachm

5 General

5.1

ing Materials

f Crosslinked

hter Blocking

fiber Cables

A _— e withat o - .

applicable requirements for construction details, test performance, and markings.

CONDUCTOR(S)

6 Materials

6.1

the cable.

Medium-voltage cable shall be designated as Type MV and shall comply in all respects with the

The conductor(s) in a cable shall be of soft-annealed copper or of semi-annealed (1/2 — 3/4 hard) or

hard-drawn aluminum. Soft-annealed copper wires (strands) shall comply with ASTM B 3. A metal coating
that is provided on soft-annealed copper in accordance with 9.1 or 9.2 shall be of tin complying with ASTM
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B 33. An aluminum conductor shall comply with the Requirements for Aluminum Conductors of an 8000
Series Alloy, Section 10 of UL 1581, or shall be of a 1/2 — 3/4 hard 1350 Series aluminum alloy having
either the tensile strength required for a 1350-H19 (extra-hard) aluminum alloy in the American Society for
Testing and Materials Standard Specification for Aluminum 1350-H19 Wire for Electrical Purposes, ASTM
B 230, or the tensile strength required for a semi-annealed 8000 Series alloy.

6.2 An individual conductor shall not be smaller than 8 AWG (8.367 mm?) and shall not be larger than

2000 kemil or

113 mm?.

7 Resistance

7.1 The dir

ohms per cor
in the applicd
(77°F) when
coated wires|
resistance of
same size an

7.2 In a fini
shall not be h

1 t ist f | th of duct i h th d d i
ct-current resistance of any leng of conductor-inchms-perthousand-con ugtor feet or in

ductor kilometer shall not be higher than the maximum (nominal x 1.02) resista
ble table in D-C Conductor Resistance, Section 30 of UL 1581, at 20°C(68°}
measured as described in D-C Resistance, of UL 2556. If, as provided for in
are used in only the outer layer of an uncoated copper conducter, the
the resulting conductor shall not exceed the value tabulated for an ‘uncoated cor
1 construction. See 7.2 for cabling factors applicable to multiple-conductor cable

shed multiple-conductor cable, the increased resistance ofva conductor becau
gher than the applicable value multiplied by the following factor, with the result r|

the same nu

a) Ong layer of conductors: 1.02

b) Mo

8 Conductgr Diameter

8.1
stranded con
diameter is to

8.2 Compre]
nominal as in
the same as ¢

The nomninal, maximum (1.01 x nominal), and minimum (0.98 x nominal) diameters

ber of decimal places as the tabulated value.

e than one layer of conductors: 1.03

fjuctors are shown in Tables 20.1, 20.2, 20.3, 20.3.1, 20.4, and 20.6 of UL 158
be measured using the method shown in Conductor Diameter, of UL 2556.

ssed unilay copper~conductors that are smaller in diameter than the require

ompact conductors in accordance with 70.1(n).

hce indicated
F) or at 25°C
11.2, metal-
direct-current
ductor of the
S,

se of cabling
bunded off to

of solid and
1. Conductor

ment (0.98 x

Hicated in Table 203 of UL 1581) for compressed concentric-lay conductors shall be marked

9 Stranding

9.1 Each cpnductor shall be solid: concentric-lay-stranded (in this standard, this term includes
compressed-stranded and compact-stranded), with at least the number of strands indicated in Table 9.1,
or shall be rope-lay-stranded. The outer layer shall be left-hand in all cases. Copper wires (strands)
smaller than 36 AWG (0.005 inch or 0.127 mm in diameter) and aluminum wires (strands) smaller than 22
AWG (0.0253 inch or 0.642 mm in diameter) shall not be used. Single Input Wire (SIW) stranded
conductors shall be in accordance with ASTM B801, ASTM B835, ASTM B836, ASTM B901, or ASTM
B902/B902M.
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Table 9.1
Conductor stranding

Number of strands in Minimum number of strands
Conductor size combination unilay Compact stranded All others
8 AWG 19° 7 7
7 - 7 7
6-2 19 7 7
1-4/0 19 18 19
213 - 500 kemil - 35 37
501 71000 = 58 g1
1001 { 1500 - - 91
1501 {2000 - - 1p7
@ Copper only
® Conductors With a lesser number of strands shall be permitted based on the results of an investigation which shall include testing
for connectability and bending.
NOTE: Single [nput Wire (SIW) Stranded conductors shall meet the minimum number of wires as defined in the applicable ASTM
standard.
9.2 A compact-stranded conductor shall be a round conductep consisting of a central cor¢ wire (one or

more strands
conductor s
stranded cop
the direction
or otherwise
that achieve
layer — inclu
strands in th
that layer. TH
times the ovd

9.3 A comg
or more str
construction,
The strands
change the ¢
present betw

of lay reversed in adjacent layers (concentric-lay-stranded). Each layer shall be

!

A

[«

per conductor shall have all layers with the.§ame direction of lay (unidirectional

compressively formed to change theeriginally round strands to various close-
plmost complete filling of the spacesoriginally present between the strands. Ea
ing the outermost layer — shall have a smooth, round outer surface. The lengt

N
n

5) surrounded by one or more layers of helically\laid (strands). A compact-stranded copper
pall consist of uncoated strands. Compactistranded aluminum conductor

nd compact-
or shall have

rolled, drawn,
fitting shapes

h compacted
h of lay of the

outer layer of a 1 AWG — 1000 kcmil conductor shall be 8 — 16 times the overgll diameter of
e length of lay of the strands.in the outer layer of an 8 — 2 AWG conductor shalllbe 8.0 — 17.5
rall diameter of that layer. A compact-stranded conductor shall not be segmented.

ressed-stranded conductor shall be a round conductor consisting of a central g
bnds) surrounded” by one or more layers of helically laid (strands) havin
the unidirectional lay construction, or with the direction of lay reversed in succ
of one or more layers shall be slightly compressed by rolling, drawing, or ot
riginally._round strands to various shapes that achieve filling of some of the spa
een the strands.

94 A19-w

re combination round-wire unilay-stranded soft-annealed copper or an accepta

ore wire (one
g the unilay
bssive layers.
ner means to
ces originally

ble aluminum

alloy conductor shall be round and shall consist of a straight central wire, an inner layer of six wires of the
same diameter as the central wire with the six wires having identical lengths of lay, and an outer layer
consisting of six wires of the same diameter as the central wire alternated with six smaller wires having a
diameter of 0.732 times the diameter of the central wire and with all twelve wires of the outer layer having

the same len

gth of lay and direction of lay as the six wires of the inner layer.

9.5 Concentric-lay-stranded coated or uncoated annealed copper conductors (including compressed
conductors) shall comply with the applicable parts of ASTM B 8. Compact round concentric-lay-stranded
uncoated copper conductors shall comply with the applicable parts of ASTM B 496.

9.6 Concentric-lay-stranded aluminum conductors (including compressed conductors) shall comply with
the applicable parts of ASTM B 231. Compact stranded aluminum shall comply with the applicable parts of

ASTM B 400
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9.7 The length of lay in only the outer layer of a 1 AWG — 1000 kcmil round compact-stranded conductor
shall neither be less than 8 nor more than 16 times the overall diameter of that layer. The length of lay of
the strands in the outer layer of a 8 — 2 AWG compact-stranded conductor shall be 8.0 — 17.5 times the
overall diameter of that layer. The direction of lay of the outer layer shall be left-hand.

9.8 Every stranded conductor other than a compact-stranded conductor or single input wire conductor
shall comply with the following:

a) The direction of lay of the strands, members, or ropes in a 6 AWG — 2000 kcmil conductor other
than a combination unilay, compressed unilay, or compressed unidirectional lay conductor shall be
reversed in successive layers. Rope-bunched lay and rope-concentric lay conductors shall be
either unidirectional or reversed.

b) For a bunch-stranded member of a rope-lay-stranded conductor in which the’T

hembers are
the length of
5 the outside

of lay of the
nember. The
ayers of the

member.
d) The length of lay of the strands in both layers of al19-wire combination round-wire unilay-
stranded copper or aluminum conductor shall be .8~ 16 times the outside diameter of the

ncentric-lay-
ide diameter

ed conductor

considting of 37 or more strands shalle’8 — 16 times the outside diameter of the condpuctor.

f) Thellength of lay of the members or ropes in the outer layer of a rope-lay-strandged conductor

shall He 8 — 16 times the outside-diameter of that layer.

10 Strand Riller
10.1 A moisture-excluding filler material is acceptable in the interstices of the inner layers of the
conductor strands for-thie purpose of keeping moisture from entering the cable. Such a material shall be
investigated gnd found acceptable. The investigation shall consist of testing to determine that the material
does not have a-detrimental effect on either of the following:

a) The conductor stress relief layer — The test is described in ICEA T-32-645, Test Method for
Establishing Volume Resistivity Compatibility of Water Blocking Components with Extruded
Semiconducting Shield Materials.

b) The ability to properly terminate the cable as intended — The tests are described in the Standard
for Wire Connectors, UL 486A-486B. These tests could include one or all of the following:
secureness, heating, pullout, and cyclic heating.

11 Metal Coating

11.1 If the insulation or other material adjacent to a copper conductor corrodes unprotected copper in the

test in 32.1, each of the individual strands of that conductor shall be separately covered with a metal
coating that complies with 6.1.
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11.2 In the case of a copper conductor on whose wires a coating is not needed for corrosion protection
but is used, it is acceptable to coat only the wires of the outer layer (see 7.1) or to coat all of the wires. The
metal coating used shall comply with 6.1.

12 Joints

12.1 A joint in one of the individual wires (strands) shall be made in a workmanlike manner, shall not
change the diameter of the wire (strand) or of the overall conductor, and shall not lessen the mechanical
strength or impair the flexibility of the overall conductor. A joint shall not be made in the stranded conductor
as a whole but, for other than a rope-lay-stranded conductor (see 12.2) shall be made by separately
joining each individual wire (strand) in a manner that does not increase the overall diameter of the entire
stranded co joint | - - hall be made
before comppcting or compressing. A joint in any conductor shall be made before the confluctor-stress-
relief materigl, the insulation, and other coverings are applied.

12.2 In a rgpe-lay-stranded conductor consisting of a central core surroundedtyylone or more layers of
stranded members (primary groups), each member may be considered to be\equivalent tp a solid wire
and, as such, may be spliced as a unit. These joints are to be dispersed throughout the|length of the
conductor solthat the diameter and configuration of the completed conduetor are not substantially affected,
and so that the flexibility of the completed conductor is not adversely-affected thereby. In ho case shall
these joints he closer together than two lay lengths.

CONDUCTQOR STRESS RELIEF (CONDUCTOR SHIELDING)
13 Details

13.1  Conductor stress relief shall be provided on<each circuit conductor. It shall be readjly removable
from the congluctor and shall be bonded to the insulation (the tension necessary to remove the stress relief
from the insylation is not specified). The conductor stress relief used with XLPE or EPCV insulation shall
be of condugtive nonmetallic material. The_conductor stress relief used with EP or DREP irjsulation shall
be of either gonductive or non-conductive' nonmetallic material. The conductor stress relief shall comply
with Table 13.1 (form), Table 13.2 (thickhesses), and Table 13.3 (material).

13.2 The thickness(es) of a(conductive tape used alone, of a conductive or non-conducfive extrusion
used alone, ¢r of a conductivejor non-conductive extrusion plus a conductive tape are to be determined on
a full cross gection of the \conductor shielding produced by cutting a specimen of the finistfed conductor
through perpendiculardo-its longitudinal axis. All measurements are to be made over the topg of strands or
at the impregsions left'by strands. In the case of a conductive tape used alone, the minimurmn thickness is
to be measured directly by means of one of the following:

a) A *0- 24 +0.2 mm in
diameter and exerting a total of 3.0 £0.1 ozf or 85 +3 gf or 0.84 £0.02 N on the specimen — the load
being applied by means of a weight, or

b) An optical device that is accurate to at least 0.001 inch or 0.01 mm.

In all other cases, the minimum thicknesses are each to be measured directly by means of an optical
device that is accurate to at least 0.001 inch or 0.01 mm.

13.3 The volume resistivity of the finished conductive conductor shielding taken as a unit shall comply
with 44.1. The relative permittivity and the dielectric withstand stress of specimens of the non-conductive
conductor stress control shall comply with 45.1.
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Table 13.1
Conductor shielding

Voltage ratings Construction of conductor stress relief

A conductive or non-conductive extrusion of any insulation or jacketing material
mentioned in Section 14 or 27 directly on the conductor

or

2400, 5000, 8000, and 15000 Overlapping® conductive tape covered by a conductive or non-conductive
extrusion of any insulation or jacketing material mentioned in Section 14 or 27

or

Overlapping® conductive tape alone

A conductive or non-conductive extrusion of any insulation orjackelfng material
mentioned in Section 14 or 27 directly on the conductor

25009, 28000, and 35000 or

Overlapping® conductive tape covered by a conductivé ornon-condlictive
extrusion of any insulation or jacketing material mentioned in Section 14 or 27

& The amount of overlap is not specified.

Table 13.2
Thicknesses of conductor stress'relief
Material Minimum thickness at any point®
Conductive tapg of any convenient width applied with an unspecified oyverlap 2.5 mils or 0.06 mlh
directly to the cpnductor
A conductive extrusion of any insulation or jacketing material mentioned in 6 mils or 0.15 mm

Section 14 or 2} over the above-mentioned tape or directly on'the conductor.

The properties pf the material used shall comply with 13.3.when specimens are
prepared and tgsted as indicated in the method to which.reference is made in

13.3.
@ Where both tgpe and extruded material are used;\no reduction is acceptable in any of the specified thicknesses of the tape or
extruded materjal.

Table 13.3
Properties of extruded conductor stress relief

Property Value
I.  Ultimate elongation (see Section 30 for method) using 1-inch or 25-mm 100 percent (minimym)
bench marks onp specimens that first are die-cut from a specially molded slab
that is not morettam - +mchor2-5mmrthickandthemare aged s fottows =

full-draft circulating-air oven for 168 h at 121.0 +1.0°C (249.8 +1.8°F) for 90°C
(194°F) cable or at 136.0 +1.0°C (276.8 +1.8°F) for 105°C (221°F) cable.

Il.  Brittleness temperature by the Acceptance Impact Procedure B described in -10°C (+14°F) (maximum)
ASTM D 746 using five die-punched specimens that are 0.25 £0.02 inch or 6.35
+0.51 mm wide

lll.  Cold — see Section 38 for method No damage shall result

INSULATION
14 Material, Application, and Centering

14.1 Each circuit conductor shall be insulated for its entire length with a thermoset insulation that
complies with Table 14.1 (XLPE), Table 14.4 (EP), Table 14.7 (EPCV), or Table 14.10 [DREP (Discharge
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Resistant EP)] — see 14.4 for the long-term evaluation of a thermoset insulation material not named in
Table 14.1 or 14.4 or not complying with the specified short-term tests. The insulation shall be applied
directly to the outer surface of the conductor stress relief and shall be bonded thereto (see 13.1). The
insulation shall not have any repairs or joints and shall not have defects (bubbles, open spots, rips, tears,
cuts, or foreign material) that are visible with normal or corrected vision without magnification.

14.2 The insulation in 2400 V nonshielded single-conductor cables constructed as indicated in columns
A and B of Table 15.3 is not required to be for use in wet locations. Insulation that is for use in wet
locations shall be used in all other single-conductor cables and in all multiple-conductor cables other than
those consisting of an assembly of the 2400 V nonshielded single-conductor cables constructed without
any overall covering as indicated in column A or B of Table 15.3.

14.3 The insulation shall have a circular cross section and shall be applied concentrically about the
conductor and the conductor stress relief.

14.4  Either|of the following materials that the manufacturer wishes to use as insulation orfa jacket shall
be evaluated for the requested temperature rating as described in Long-TermhAging, Section 481 of UL
1581:

a) Mdterial generically different from any insulation material that.is named in 14.1 of any — jacket
matetfial that is referenced in 19.2, 27.1, or 29.1 (new material).

b) Mdterial that is named in 14.1 or referenced in 19.2,271, or 29.1 yet does not cdmply with the
short{term tests specified for the material.

The tempergture rating of materials (a) and (b) shallcbe as required for the particular cpnstruction of
medium-voltage cable. The thicknesses of insulation, and/or jacket using materials (a) and/¢r (b) shall be
as required |for the particular construction. Investigation of the electrical, mechanical, [and physical
characteristi¢s of the cable using material (a) and/or (b) shall show the material(s) to be gomparable in
performance]to the insulation or non-conduective jacket materials named or referenced in 14]1, 19.2, 271,
or 29.1 for the required temperature rating:-The investigation shall include tests such as crughing, impact,
abrasion, deformation, heat shock, insulation resistance, and dielectric voltage-withstand.

Table 14.1
Properties of XLPE? insulation from 90°C (194°F) and 105°C (221°F) cableg

Property Value
I. Physical properties.=see Section 31 for method See Table 14.2
1. Hot creep af 150.0.£2.0°C (302.0 £3.6°F) — see Section 62
for method
Maximum elongation Filled — 100 percent® Unfilled — 175 percent®
Maximum set Filled — 5 percent® Unfilled — 10 percent®
Ill. Cold bend- see Section 38 for method No damage shall result

IV. Heat distortion — Maximum reduction in thickness at 121.0
+1.0°C (249.8 +1.8°F) — see Section 34 for method

8 — 4/0 AWG conductors (round specimens) 25 percent
250 — 1000 kemil conductors (flat, rectangular specimens) 15 percent
V. Insulation resistance at 60.0°F (15.6°C) See Table 14.3

VI. Accelerated water absorption, electrical method — see
Section 40 for method®

Table 14.1 Continued on Next Page
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Table 14.1 Continued

Property

Value

Maximum relative permittivity after 24 h
Maximum increase in capacitance
Maximum stability factor after 14 d°

Maximum stability factor difference

3.5
1—14d: 3.0 percent 7 — 14 d: 1.5 percent
1.0 percent

1-14d: 0.5 percent

VII. Relative permittivity — see Section 41 for method®

Maximum — 3.5

VIII. Power factor — see Section 41 method®

Maximum — 2.0 percent

XI. Dry electrical test'

See Section 42

@ XLPE designdtes a cross-linked compound whose characteristic constituent is cross-linked polyethylene. For 2400 V cables
only, the compdqund may be pigmented by the addition of carbon black.
b Greater elonghtion or set is acceptable if the loss of weight does not exceed 30 percent in a solvent extraetion test|made as
described in ATM D 2765.
© Not required for dry-locations cable (nonshielded 2400 V single-conductor cable insulated as indicated in column A or B of Table
15.3).
4 Only one of these tests is required [see 40.1(d)].
¢ Not required for 2400 V or 5-kV cable.
fRequired only[for 105°C (221°F) cable.
Table 14.2
Physical properties of XLPE? insulation from 90°C'(194°F) and 105°C (221°F) caples
Conditign of specimens at time of Minimum'ultimate elongation Minimum tengile strength
measurement (1-inehor 25-mm bench marks)
Unaged 250-percent (2-1/2 inches or 62.5 mm) 1800 Ibfin® or
12.4 NIPa

Aged in a full-dfaft circulating-air oven for 168 h at 75 percent of the result with unaged 75 percent of the result with
121.0 £1.0°C (449.8 +1.8°F) for 90°C cable or{at specimens unaged specimens
136.0 £1.0°C (476.8 +1.8°F) for 105°C cable.
Specimens of 76°C (167°F) oil-resistantinsulation
from nonshieldg¢d dry-locations 2400V single-
conductor cablg insulated as indicated in column
A of Table 15.3jand marked “ail resistant II” — see
70.1(h):
Aged in oil (see480.5 of UL/1581) for 60 d at 75.0 65 percent of the result with unaged 65 percent of the result with
+1.0°C (167.0 41.8°F) specimens unaged specimens
Specimens of 60°C (140°F) oil-resistant insulation

A of Table 15.3
70.1(h):

Aged in oil (see

from nonshieldeddry-focations 2400~V singie-

conductor cable insulated as indicated in column

and marked “oil resistant I” — see

480.5 of UL 1581) for 96 h at

100.0 £1.0°C (212.0 £1.8°F)

50 percent of the result with unaged
specimens

50 percent of the result with

unaged sp:

ecimens

@ XLPE designates a cross-linked compound whose characteristic constituent is cross-linked polyethylene. For 2400 V cables
only, the compound may be pigmented by the addition of carbon black.
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Table 14.3

Insulation resistance of XLPE? insulation from 90°C (194°F) and 105°C (221°F) cables

Property

Minimum value

1) Insulati

V. Insulation resistance at 60.0°F (15.6°C)

ion and individual non-conductive circuit-conductor jacket

tested together — see Section 60 for method

Inn|
insy

Ins
Tab)

pnshielded dry-locations 2400 V single-conductor cable
lated as indicated in column A of Table 15.3 — see Section

60 for method

hielded single-conductor cable insulated as indicated in
e 15.1 or Table 15.2 — see Section 59 for method

Ins
Tab)

hielded multiple-conductor cable insulated as indicated in
e 15.1 or Table 15.2 — see Section 59 for method

Inn|
Tab)

bnshielded multiple-conductor cable insulated as indicated in
e 15.1 or Table 15.2 without a non-conductive jacket on

ead

h circuit conductor — see Section 60 for method

Minimum K: 20,000 megohms base
conductor feet

or

Minimum K: 6100 megohms based
kilometer

On jacketed nonshielded dry-locations 2400 V single-conductor Minimum K: 12,000 megohms based on 1000
cable insulated as indicated in column B of Table 15.3 conductor feet
On jacketed nonshielded wet-or-dry- locations 2400 V single-
conductor cable insulated as indicated in column C of Table 15.3
2) Insulation.alone

il on 1000

bn a conductor

@ XLPE design
only, the comp

bund may be pigmented by the addition of carbon black.

htes a cross-linked compound whose characteristic constituent isycross-linked polyethylene. For 240

0 V cables

Table:14.4

Properties of EP? insulation from 90°C (194°F) and 105°C (221°F) cables

Property Value
I. Physical properties — see Section 31 for method See Table 14.5
1. Cold bend —{see Section 38 for method No damage shall result
I1l. Hot creep at 150.0 £2.0°C (302.0 £3.6°F) —see Section 65
for method
Maximum|elongation 50 percent
Maximum|set 5 percent

IV. Insulation R

esistance at80:0°F (15.6°C)

See Table 14.6

V. Accelerated

Electrical

water absorption®

nethod > see Section 40 for method

Maximum

relative permittivity after 24 h

4.0

Maximum
Maximum

Maximum

increase in capacitance
stability factor after 14 d®

stability factor difference®

1-14d: 3.5 percent 7 — 14 d: 1.5 percent

1.0 percent

1—14d: 0.5 percent

VI. Relative pe

rmittivity — see Section 41 for method®

Maximum: 4.0

VII. Power fact

or — see Section 41 for method®

Maximum: 2.0 percent

VIII. Dry Electr

ical Test ©

See Section 42

A copolymer (EPM) of ethylene and propylene.

@ EP designates a cross-linked compound whose characteristic constituent is one of the following:

A terpolymer (EPDM) of ethylene, propylene, and a small amount of nonconjugated diene.

Table 14.4 Continued on Next Page
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Table 14.4 Continued

Property

Value

A blend of EPM and EPDM.

15.3.

4 Not required for 2400 V or 5-kV cable.
¢ Required only for 105°C (221°F) cable.

° Only one of these tests is required [see 40.1(d)].

® Not required for dry-locations cable (nonshielded 2400 V single-conductor cable insulated as indicated in column A or B of Table

Iable 14.5

Physical properties of EP? insulation from 90°C (194°F) and 105°C (221°F)cables

Condition of specimens at time of
measure

Minimum ultimate elongation (1-inch
or 25-mm bench marks)

Minimum tensile strength

Unaged

200 percent (2 inches or 50 mm)

700 Ibf/in? 0
4.83 MPa

Aged in a full-dfaft circulating-air oven for
168 h at 121.0 $1.0°C (249.8 +1.8°F) for
90°C cable or gt 136.0 +1.0°C (276.8
+1.8°F) for 105{C cable

75 percent of the result with unaged
specimens

75 percent of the result with unaged
specimens

c) A blend|of EPM and EPDM.

@ EP designates a cross-linked compound whose characteristic constituent islene of the following:

a) A copolymer (EPM) of ethylene and propylene.

b) A terpolymer (EPDM) of ethylene, propylene, and a small amieunt of nonconjugated diene.

Table 14.6

Insylation resistance of EP? insulation from 90°C (194°F) and 105°C (221°F) cables

Property

Value

IV. Insulation resistance at 60°F (15.6°C)

— see Sectlon 60 for methed

Insulation and individual non-conductive circuit-conductor jacket tested together

On jagketed nonshielded dry-locations 2400 V single-conductor cable
insulated as indicated in column B of Table 15.3

On jatketed nenshielded wet-or-dry-locations 2400 V single-conductor
cablefinsulated as indicated in column C of Table 15.3

Minimum K: 12,000 megohims based on
1000 conductor feet

Insulation alone

In nonshielded multiple-conductor cable insulated as indicated in Table
15.1 or Table 15.2 with a non-conductive jacket on each circuit conductor

In nonshielded dry-locations 2400 V single-conductor cable insulated as
indicated in column A or Table 15.3 — see Section 60 for method

In shielded single-conductor cable insulated as indicated in Table 15.1 or
Table 15.2 — see Section 59 for method

In shielded multiple-conductor cable insulated as indicated in Table 15.1 or
Table 15.2 — see Section 59 for method

In nonshielded multiple-conductor cable insulated as indicated in Table
15.1 or Table 15.2 without a non-conductive jacket on each circuit
conductor — see Section 60 for method.

Minimum K: 20,000 megohms based on
1000 conductor feet

or

Minimum K: 6100 megohms based on a
conductor kilometer

Table 14.6 Continued on Next Page
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Table 14.6 Continued

Property

Value

c) A blend of EPM and EPDM.

a) A copolymer (EPM) of ethylene and propylene.

@ EP designates a cross-linked compound whose characteristic constituent is one of the following:

b) A terpolymer (EPDM) of ethylene, propylene, and a small amount of nonconjugated diene.

Table 14.7

Properties of EPCV? insulation from 90°C (194°F) nonshielded 2400 V dry-locations cable

Property Value

I. Physical properties — see Section 31 for method See Table 14,.8
1. Cold bend —see Section 38 for method No damage shallfresult
I1l. Hot creep &t 150.0 £2.0°C (302.0 £3.6°F) — see Section 65 for method

Maximuin elongation 50 percent|

Maximuin set 5 percent
IV. Heat distortjion — Maximum reduction in thickness at 121.0 £+1.0°C (249.8 +1.8°F)
— see Section $4 for method

8 —4/0 AWG conductors (round specimens) 25 percent

250 — 1700 kemil conductors (flat, rectangular specimens) 15 percent
V. Insulation rgsistance at 60.0°F (15.6°C) See Table 14.9

polyethylene (

PE).

@ EPCV designates a cross-linked compound whose characteristic constituent is a covulcanizate of ethylene propylene (EP) and

Physical prpperties of EPCV? insulatién from 90°C (194°F) nonshielded 2400 V dry-loc

Table 14.8

ations cable

Condition ¢f specimens at time,of,
npeasurement

Minimum acceptable ultimate
elongation (1-inch or 25-mm bench

marks)

Minimum tensile {

strength

Unaged

200 percent

(2 inches or 50 mm)

1500 Ibf/in?

10.3 MPa

pr

Aged in a full-draft:Citeulating-air oven for
168 h at 121.0[+1:0°C (249.8 +1.8°F)

75 percent of the result with unaged

specimens

75 percent of the resul
specimeng

with unaged

polyethylene (PE).

@ EPCV designates a cross-linked compound whose characteristic constituent is a covulcanizate of ethylene propylene (EP) and

Table 14.9

Insulation resistance of EPCV? insulation from 90°C (194°F) nonshielded 2400 V dry-locations

cable

Property

Minimum value

V. Insulation resistance at 60°F (15.6°C)

Insulation and individual non-conductive circuit-conductor
jacket tested together — on jacketed nonshielded, dry-

Minimum K: 12,000 megohms based on 1000 conductor feet

Table 14.9 Continued on Next Page
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Table 14.9 Continued

Property

Minimum value

locations, 2400 V single-conductor cable insulated as
indicated in column B of Table 15.3 — see Section 60 for
method

Insulation in nonshielded dry-locations 2400 V single-
conductor cable insulated as indicated in column A of Table
15.3 — see Section 60 for method

or
Minimum K: 3650 megohms based on a conductor kilometer
Minimum K: 20,000 megohms based on 1000 conductor feet
or

Minimum K: 6100 megohms based on a conductor kilometer

@ EPCV designates a cross-linked compound whose characteristic constituent is a covulcanizate of ethylene propylene (EP) and

polyethylene (PE).
Table 14.10
Propertids of DREP (discharge-resistant EP?) insulation from 90°C (194°F) and 105°C (122°F)
cables
Property Value
5 —25kv 5-35kv
90°C (194°F) 105°C (221°F)
l. Physica| properties — see Section 31 for method See Table 14.5
Il Cold bepd — See Section 38 for method No damage shall result
M. Hot cregp at 150.0 +2.0°C (302.0 £3.6°F) — see Section 65
for mettjod
Makimum elongation 30 percent
Makimum set 5 percent
IV. Insulatign resistance at 60.0°F (15.6°C) See Table 14.6
V. Accelerfted water absorption®
Electiical method — see Section 40 for method
Makimum relative permittivitytafter 24 h 4.0
Makimum increase in capacitance
1-14d 7.0 percent 3.5 percent
7-14d 4.0 percent 1.5 percent
Makimum stability factor after 14 d° 1.0
Makimum stability factor difference® 0.5
VL. Relative pérmittivity — see Section 41 for method ¢ Maximum: 4.0
VII. Power factor — see Section 41 Maximum: 2.0 percent
VIIl.  Dry electrical test © See Section 42

a) A copolymer (EPM) of ethylene and propylene.

¢ Only one of these tests is required [see 40.1(d)].
4 Not required for 2400 V or 5 kV cable.
¢ Required only for 105°C (221°F) cable

@ EP designates a cross-linked compound whose characteristic constituent is one of the following:

b) A terpolymer (EPDM) of ethylene, propylene, and a small amount of non-conjugated diene.
c) A blend of EPM and EPDM.

® Not required for dry-locations cable (nonshielded 2400 V single conductor insulated as indicated in column B of Table 15.3.
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Table 14.11

Physical properties of DREP (discharge-resistant EP?) insulation from 90°C (194°F) and 105°C

(122°F) cables

Minimum ultimate elongation
(1-inch or 25-mm bench

Condition of specimens at time of measure marks) Minimum tensile strength
Unaged 250 percent 550 Ibf/in? or
(2.5 inches or 60 mm) 3.79 MPa

or

Aged in full-draft circulating-air oven at:
121.0 £1.0°C (249.8 +1.8°F) for 90°C cable for 168 h

175 percent

136.0 £1.0°

(276.8 +1.8°F) for 105°C cable for 168 h 75 percent,oft

unaged’sp|

75 percent of the result with
unaged specimens

75 percent of the result with
unaged specimens

Ecimens

e result with

a) A copol
b) A terpol
c) Ablend

@ EP designatgs a cross-linked compound whose characteristic constituent is one of the following:

mer (EPM) of ethylene and propylene.
mer (EPDM) of ethylene, propylene, and a small amount of non-conjugated diene.

pf EPM and EPDM.

15 Thicknésses

15.1 The m
or Table 15.9

and the minimum average thickness and the minimum-thiekness at any point of the insulatior

with Table 1
(removal of
damaged).

15.2 In the
required in 1|

removed witlout damage to the insulation, the thicknesses of the insulation are to be deter

cross sectio
perpendicula
is accurate
measured d
averaged to

aximum and minimum thicknesses at any point.of-the insulation shall comply W
 (shielded single-conductor cable and shielded”and nonshielded multiple-cong

b.3 (nonshielded single-conductor 2400 V cables) when determined as desd
bonded components damages the insulation) or 15.3 (insulation separable

case of a circuit conductoriin which a bonded component (bonding to the
3.1 for conductor shielding.and optional in 17.2 for extruded insulation shield

h of the insulation._produced by cutting a specimen of the finished cond
r to its longitudinal axis. All measurements are to be made by means of an optig
o at least 0.007 inch or 0.01 mm. The maximum and minimum thickness
rectly and_ where an average thickness is needed (Table 15.3), the two ar
Jeterminethe average thickness.

i

th Table 15.1
uctor cables)
shall comply
ribed in 15.2
without being

insulation is
g) cannot be
ined on a full
ictor through
al device that
es are to be
e then to be

Table 15.1
Thicknesses, ; ; ; = , —and multiple-
conductor cable and of XLPE, EP, or DREP insulation in 2400 V, nonshielded multiple-conductor
cable
Voltage rating of Conductor Insulation thickness (mils)
cable (phase-to- size (AWG 100 percent level? 133 percent level® 173 percent level®
phszﬁ:gn:)mt or kemil) Minimum at | Maximum at | Minimum at | Maximum at | Minimum at | Maximum at
any point any point any point any point any point any point
8-1000 85 120 - - - -
2400
1001 — 2000 135 170 - - - -
5000 8 -1000 85 120 110° 145° 135 170

Table 15.1 Continued on Next Page
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Table 15.1 Continued

. Insulation thickness (mils)
Voltage rating of Conductor
cable (phase-to- size (AWG 100 percent level® 133 percent level® 173 percent level®
phjzﬁ:;?)u't or kemil) Minimum at | Maximum at | Minimum at | Maximum at | Minimum at | Maximum at
any point any point any point any point any point any point
1001 — 2000 135 170 135 170 135 170
6 — 1000 110 145 135 170 165 205
5001 — 8000
1001 — 2000 165 205 165 205 210 250
2-1000 165 205 210 250 245 290
8001 — 15000
+66+=2606 246 256 246 256 245 290
15001 — 25000 1-2000 245 290 305 350 400 450
25001 — 28000 1-2000 265 310 330 375 425 495
28001 — 35000 1/0 — 2000 330 375 400 460 550 630
& The selection pof the cable insulation level to be used is made on the basis of the fault current clearing times and other
information as ¢xplained in the National Electrical Code (NEC) Table 310.64.
b 5000 Volts, 133% insulation level utilizing 85 mils minimum point and 120 mils maximum point'tnay alternately be §ised, when
installations or pperating conditions dictate this reduced insulation thickness is needed. The corresponding a-c test yoltage shall
be 18kV when the reduced thickness is used.
Table 15.2
Thicknességs, in mm, of XLPE, DREP, or EP insulationin 5 — 35 kV, shielded single- angl multiple-
conductor cable and of XLPE, EP, or DREP insulatiornrin 2400 V, nonshielded multiple{conductor
cable
Voltage rating Insulation thickness (mm)
of cable Conductor a a a
(phase-to- size (AWG or 100 percent,lével 133 percent level 173 percent level
phase circuit kemil) Minimum at |"\Maximum at | Minimum at | Maximum at | Minimum at | Maximum at
voltage) any point any point any point any point any point any point
8-1000 2.16 3.05 - - - -
2400
1001 — 2000 3.43 4.32 - - - -
000 8 -1000 2.16 3.05 2.79° 3.68° 3.43 4.32
5
1001 — 2000 3.43 4.32 3.43 4.32 3.43 4.32
6 —-4000 2.79 3.68 3.43 4.32 4.19 5.21
5001 — 8000
100-h— 2000 4.19 5.21 419 5.21 5.33 6.35
2 -1000 419 5.21 5.33 6.35 6.22 7.37
8001 — 15000
1001 — 2000 5.33 6.35 5.33 6.35 6.22 7.37
15001 — 25000 1-2000 6.22 7.37 7.75 8.89 10.2 11.4
25001 — 28000 1-2000 6.73 7.87 8.38 9.53 10.8 12.6
28001 - 35000 1/0 — 2000 8.38 9.53 10.2 11.7 14.0 16.0

@ The selection of the cable insulation level to be used is made on the basis of the fault current clearing times and other
information as explained in the National Electrical Code (NEC) Table 310.64.

b 5000 Volts, 133% insulation level utilizing 2.16 mm minimum point and 3.05 mm maximum point may alternately be used, when
installations or operating conditions dictate this reduced insulation thickness is needed. The corresponding a-c test voltage shall
be 18kV when the reduced thickness is used.

15.3 The thicknesses of insulation from which all bonded and other components can be removed without
damage to the insulation are to be determined as described in 15.2 (basic optical method) or by one of the
following methods:
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a) DIFFERENCE METHOD - Measurements are to be made by means of a machinist's
micrometer caliper having a flat surface both on the anvil and on the end of the spindle and
calibrated to read directly to at least 0.001 inch or 0.01 mm. All measurements are to be made on a
length of the finished conductor from which all components over the insulation have been removed
without damage to the insulation. The average thickness of the insulation is to be taken as half of
the difference between the mean of the maximum and minimum diameters over the insulation at
one point and the average diameter over the conductor and the insulation shielding measured at
the same point. The minimum thickness of the insulation is to be taken as the difference between a
measurement (first measurement) made over the conductor and the conductor shielding plus the
thinnest insulation wall, and the diameter over the conductor and the conductor shielding. The first
measurement is to be made after slicing off the thicker side of the insulation. None of the thickness
of the conductor shielding is to be included in the thickness of the insulation.

b) DIIRECT MEASUREMENT — Measurements are to be made by means of \the machinist's
micrometer caliper described in (a) or by means of a dead-weight dial micrometgr that exerts
10 £2gf or 0.10 £0.02 N on a specimen through a flat, rectangular presser foot'0.078[inch by 0.375
inch ¢r 1.98 mm by 9.52 mm. The anvil of the instrument is to be of the/same dimenhsions as the
presser foot. The instrument is to be calibrated as indicated in (a). Theninsulation is tp be removed
from B length of the finished conductor without damage to the insulation, and the maximum and
minimum points are to be determined by direct measurement using the micrometer taliper or dial
micrometer. The average of these determinations is to be takén*as the average thickness of the
insulgtion.

c) REFEREE OPTICAL METHOD - If the results obtained via the procedure described in 15.2 or in
(a) or|(b) above are in doubt, a micrometer microscope or other optical instrument cglibrated (fine)
to regd directly to at least 0.0001 in or 0.001 mny,is to be used. The insulation is t¢ be removed
from B length of the finished conductor without.damage to the insulation and the maximum and
minimum points are to be determined by .direct measurement using the fine-caliration optical
instrument. The average of these determinations is to be taken as the average thickness of the
insuldtion. The results of this optical precedure are to be taken as conclusive.

Table 15.3
Thicknesses of insulation-in nonshielded single-conductor cables rated 2400 V
Dry locations
. . XLPE, EPCV, DREP, or EP Wet-or-dry-locdtions XLPE,
.XLPE or EPCV |_nsulat|on insulation with a non- DREP, or EP instilation with a
without any covering over the L L
. . conductive jacket over the non-conductive jacket over the
insulation . . R X
insulation insulation
A B (o]
Minimum Minimum Minimum Minimum Minimum Minimum
Size of average thickness at average thickness at average thickness at
conductor thickness any point thickness any point thickness any point
mils
8 —4/0 AWG 110 99 90 81 125 113
213 - 500 kemil 120 108 90 81 140 126
501 -750 130 117 90 81 155 140
751 -1000 130 17 90 81 155 140
mm
8 —-4/0 AWG 2.79 2.51 2.29 2.06 3.18 2.87

Table 15.3 Continued on Next Page
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Table 15.3 Continued
Dry locations
. . XLPE, EPCV, DREP, or EP Wet-or-dry-locations XLPE,
.XLPE or EPCV |_nsu|at|on insulation with a non- DREP, or EP insulation with a
without any covering over the Lo L
. . conductive jacket over the non-conductive jacket over the
insulation X X . .
insulation insulation
A B c
Minimum Minimum Minimum Minimum Minimum Minimum
Size of average thickness at average thickness at average thickness at
conductor thickness any point thickness any point thickness any point
213 - 500 kel 3.05 2.74 2.29 2.06 3.56 3.20
501 —750 3.30 297 2.29 2.06 3.94 3.56
751 - 1000 3.30 2.97 2.29 2.06 3,94 3.56
INSULATION SHIELDING
16 General
16.1 Insulatjon shielding, where required shall consist of both of the following elements:
a) A cpnductive nonmetallic covering (see 17.1 — 17,8).directly over and in intimate coptact with the
insulation, and
b) A npnmagnetic metal component (see 18.1) embedded in or directly over and in intimate contact
with tHe conductive nonmetallic covering.
16.2 The ingulation shielding on all of the individual conductors of a multiple-conductor cabjle shall be of
the same phygical makeup and construction;
17 Conductive Nonmetallic Covering
17.1  The canductive nonmetallic covering shall consist of a conductive extrusion of any |insulation or
jacketing material mentioned-in Section 14 or 27 or, for 5-, 8-, or 15-kV cable, a conductive nonmetallic
tape, or a conductive nonmetallic tape over a conductive nonmetallic coating. The covefing shall be
directly over|and in~intimate contact with the insulation. The covering shall enclose the insulation
throughout the length of the circuit conductor. A supplementary conductive nonmetallic fape may be
provided over a‘cenductive extrusion. The covering shall be removable when the conductor |s terminated
or Sp”ced (Se marl{ing rnquiromnhf n. RQ_’I)_

17.2 An extruded covering that is not bonded to the insulation, a tape covering, and a coating-plus-tape
covering shall be readily removable. An extruded covering may be bonded to the insulation (the means for
removing a bonded covering from the insulation is not specified but typically is by means of a solvent, hot
air, or a flame.) Extruded coverings with a stripping force of 3 — 24 Ibf or 13.3 — 106.7 N or 1.36 — 10.9 kgf
are not bonded. Bonded coverings have a stripping force greater than 24 Ibf or 106.7 N or 10.9 kgf (see
stripping-tension test in Section 33).

17.3 The volume resistivity of the finished extruded, tape, or coating-plus-tape covering taken as a unit
shall comply with 46.1.

17.4 The properties of an extruded covering shall comply with Table 17.1 when specimens from the
finished cable are prepared and tested as described in the paragraphs referenced in the table.
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17.5 The thickness of an extruded covering shall not be less than indicated in Table 17.3 when measured
as described in 17.6 (covering bonded to the insulation) or 17.7 (covering not bonded to the insulation).

17.6 The minimum thickness of an extruded covering that is bonded to the insulation is to be determined
on a full cross section of the covering produced by cutting a specimen of the finished conductor through
perpendicular to its longitudinal axis. All measurements are to be made by means of an optical device that
is accurate to at least 0.001 inch or 0.01 mm. The minimum thickness is to be measured directly.

17.7 The minimum thickness of an extruded covering that is not bonded to the insulation is to be
determined either optically as described in 17.6 or from measurements made on the covering removed
from the finished conductor. In the latter case, direct measurements of the minimum thickness is to be
made by means of a machinist's micrometer caliper having a flat surface both on the anvil and on the end
of the spindlg and calibrated to read directly to at least 0.001 inch or 0.01 mm.

17.8 Condy
thickness at
following:

a)Ad

rectampgular presser foot 0.078 inch by 0.375 inch or 1.98 mm by<9.52 mm and having

the s4

ctive tape may be of any convenient width, and shall be at least 2.5 mils o
any point when removed from the finished conductor and measured using

ead-weight dial micrometer that exerts 10 +2 gf or 0.10 £0.02'Nv6n a specimen

me dimensions as the presser foot, or

b) A machinist's micrometer caliper having a flat surface both on the anvil and on t

spind

e.

Each instrument is to be calibrated to read directly toratteast 0.001 inch or 0.01 mm. The

applied helic
directly over

blly with an overlap of at least 10 percent of the tape width. The tape shall be
he insulation or over a conductive nopmetallic coating on the insulation.

Table 17.1
Properties of extruded conductive covering

r 0.06 mm in
either of the

hrough a flat,
a flat anvil of

he end of the

tape shall be
applied either

Property Value(s)

I. Physical pro|

erties — see note ° toTable 27.11 and Section 31 for method

See Table 17.2

p

1. Brittleness t

+0.51 mm widd

ASTM D 746 using five die-punched specimens that are 0.25 £0.02 inch or 6.35

emperature by the Acteptance Impact Procedure B described in

Maximum —10°C (4

14°F)

I1l. Cold bend -

see Section 38 for method

No damage shall fesult
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Table 17.2
Properties of extruded conductive covering
From cable in which the metal From cable in which the metal
component of the insulation component of the insulation
shielding is embedded in the shielding is not embedded in the
extruded covering extruded covering
A B
Minimum ultimate Minimum ultimate
elongation Minimum elongation Minimum
Condition of specimens at time of (1 inch or 25 mm tensile (1inch or 25 mm tensile
measurement bench marks) strength bench marks) strength
Unaged 4+80-pereent 4200-bHin-of Netfreastred ot measured

(1 inch or 25 mm)

8.27 MPa

hat121.0 1.0
(194°F) cable,
+1.8°F) for 105

Aged in a full-dfaft circulating-air oven for 168

C (249.8 +1.8°F) for 90°C
rat136.0 £1.0°C (276.8
C (221°F) cable

100 percent
(1 inch or 25 mm)

85 percent of
the result with
unaged
specimens

100 percent Not measured

(1 inch6r 25 mm)

Specimens of 7]
jacket from cab
see 70.1(h):

5°C (167°F) oil-resistant
e marked “oil resistant 11" —

65 percent of the result with unaged
specimens

Oil resistance is nofjapplicable

Aged in oil (se€
75.0 £1.0°C (16

480.5 of UL 1581) for 60 d at
7.0 £1.8°F)

Specimens of §

0°C (140°F) oil-resistant

65 percent of the result with'unaged

Oil resistance is nofjapplicable

jacket from cable marked “oil resistant I” — specimens
see 70.1(h)
Aged in oil (see]480.5 of UL 1581) for 96 h at
100.0 £1.0°C (412.0 +1.8°F)
Table 17.3

Thicknesses of extruded conductive nonmetallic covering

Onssingle-conductor cable
in which the metal
component of the insulation
shielding is embedded in

In jacketed multiple-
conductor cable in which
the metal component of the
insulation shielding is
embedded in the extruded

In single- arj
conductor c

d multiple-
ble in which

the metal component of the
insulation shielding is not
embedded injthe extruded

the extruded covering® covering® covelring
A B ¢
Calculated|mihimam® Minimum thickness at any Minimum thickness at any Minimum thigkness at any
diameter over insulation point point point

inches mils

0-0.700 60 24 24

Over 0.700 but not over 1.000 60 40 24

Over 1.000 but not over 1.500 64 40 24

Over 1.500 but not over 2.000 80 64 24

Over 2.000 but not over 2.500 90 64 24
mm mm

0-17.78 1.52 0.61 0.61

Over 17.78 but not over 25.40 1.52 1.02 0.61

Table 17.3 Continued on Next Page
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Table 17.3 Continued

On single-conductor cable
in which the metal
component of the insulation
shielding is embedded in

In jacketed multiple-
conductor cable in which
the metal component of the
insulation shielding is
embedded in the extruded

In single- and multiple-
conductor cable in which
the metal component of the
insulation shielding is not
embedded in the extruded

the extruded covering? covering® covering
A B C
Calculated minimum® Minimum thickness at any Minimum thickness at any Minimum thickness at any
diameter over insulation point point point
Over 25.40 but not over 38.10 1.63 1.02 0.61
Over 38.10 bufnot over 50.80 Z.03 T63 0)61
Over 50.80 buf not over 63.50 2.29 1.63 0461

b Acceptable a

¢ The minimunm]
any point of th¢

@ Acceptable aE the overall cable jacket.

an individual jacket (conductive insulation covering service as a jacket as well as part ofithe insulatjon shielding)
on the insulatefd conductor (see 19.1 — 19.4).

diameter over the insulation is to be the sum of the minimum conductor diameter; twice the minimumn thickness at
conductor stress relief; and twice the minimum thickness at any point of the insufation.

18 Nonmagnetic Metal Component

18.1

The m

etal component shall be nonmagnetic, shall be«glectrically continuous throughout the length

of the insulatied conductor, and shall consist of one or a combination of the constructions defailed in Table

18.1.
Table 18.1
Construction of metal component of insulation shielding
Application
Placement throughout
the length of the
Form Material and'dimensions? Manner insulated conductor
Directly overland in intimate

Gopper of any convenient width and at least 2.5 mils or contact with the conductive

Tape 0.06 mm thick Helically applied nonmetallic govering
or ar or

tapes Qther nenmagnetic metal of any convenient width and of | Corrugated and

g thickness that results in a conductance at least that of longitudinally applied

qopper that is 2.5 mils or 0.06 mm thick with an unspecified

overlap

Copper having an effective cross-sectional area of at Helically or longitudinally | Directly over and in intimate
Straps least 5000 circular mils (0.004 square inch) per inch of applied contact with the conductive

diameter over the insulation or of at least 0.1 square nonmetallic covering
Wires millimeter per millimeter of diameter over the insulation Helically or longitudinally | Directly over and in intimate

or

Other nonmagnetic metal having an effective cross-
sectional area that results in a conductance at least that
of the copper mentioned above

applied

contact with the conductive
nonmetallic covering

Helically applied

Directly over and in intimate
contact with the conductive
nonmetallic covering

Corrugated and
longitudinally applied

Embedded (0.005 inch or
0.13 mm minimum
thickness at any point) in

Table 18.1 Continued on Next Page
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Table 18.1 Continued

Application

Placement throughout
the length of the
Form Material and dimensions® Manner insulated conductor

extruded insulation
shielding (see 17.2, 17.4,
and 17.5) with none of the
metal exposed at either the
inner or outer surface of the
extruded insulation
shielding before and after
Hre-cote-beng testin 38.1

WireP Applied around the Directly,over pnd in intimate
braid underlying construction contactwith the conductive
nonmetallic covering

n

mooth aluminum or lead sheath complying with 28.2
d28.4-28.6

]

or

=

elded and corrugated aluminum, bronze, or copper
heath complying with 28.2, 28.3, 28.7, and 28.8

or Tightly fofmed around Directly over gnd in intimate

Sheath the underlying contact with the conductive
truded and corrugated aluminum sheath complying coneliction nonmetallic covering

th 28.2, 28.3, 28.9, and 28.10

(2]

s m

The sheath in any form shall have an effective
cross-sectional area that results in a
conductance at least that of the copper wires or
straps mentioned above

& Additional corfductance in the metal component may be necessary to meet circuit needs. This additional conductapce is to be
provided by adding additional area, by using metal of aHigher conductivity, or be using more than one of the constryctions
described.

® In a wire braid, the individual wires shall not be.sthaller in diameter than 6.3 mils or 0.160 mm (34 AWG).

JACKET ON(INDIVIDUAL CIRCUIT CONDUCTORS FOR MULTIPLE-CONDUCTOR CABL

19 Details

19.1 A jacket shall be provided on each shielded circuit conductor intended for use in a multiple-
conductor calple thatdoes not have any overall covering. A jacket is acceptable but is not required on each
shielded or ngnshielded circuit conductor intended for use in a multiple-conductor cable that has an overall
covering. A j i i i i = ; construction
covered in column A of Table 15.3, intended for assembly into a multiple-conductor cable that does not
have any overall covering.

19.2 A circuit-conductor jacket that is used, whether required or not, shall be of one of the non-
conductive materials indicated in Table 27.1 (see 14.4 for the long-term evaluation of a non-conductive
jacket material not named in Table 27.1 or not complying with the short-term tests specified in 27.2), or
shall be one of the conductive materials covered in Section 17 where the functions of insulation shielding
and circuit-conductor jacket are combined. A circuit-conductor jacket shall not have defects (bubbles,
open spots, rips, tears, cuts, or foreign material) that are visible with normal or corrected vision without
magnification. A non-conductive circuit-conductor jacket that is used shall be applied directly over the
insulation of a nonshielded circuit conductor and directly over the shielding of a shielded circuit conductor.
The insulation or shield shall be completely covered and shall be well centered in the non-conductive
jacket throughout the length of the circuit conductor. A non-conductive circuit-conductor jacket shall be
removable without damage to any part(s) of the cable beneath the jacket.
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19.2.1 For multiconductor cables with an overall non-metallic covering, a semiconducting covering
consisting of a tape or extruded material, or both, may be used over the nonmagnetic metallic component
of the shielding of individual conductors of multiconductor cables. The minimum thickness of the tape shall
be 0.008 inches (0.2 mm). The surface of the semiconducting tape or layer shall be identified in
accordance with 69.1. This covering is not intended to be considered a jacket.

19.3 Specimens prepared from samples of a circuit-conductor jacket taken from the finished cable shall
exhibit properties that comply with Table 17.1 (conductive material), or the applicable table referenced in
Table 27.1 (non-conductive jacket) when tested as described in Section 31.

19.4 The minimum thickness at any point of a non-conductive circuit-conductor jacket shall not be less
than indicated_in Table 19.1 (for a multiple-conductor cable having an overall covering) or in Table 27.18
(for a multipJe-conductor cable not having any overall covering) when measured as desgribed in 19.5
(basic optica] method) or 19.6 (direct measurement) or, in case of doubt, by the referee-method described
in 19.7. For|thicknesses of a conductive circuit-conductor jacket (functions of insulation ghielding and
circuit-condulctor jacket combined), see 17.5, Table 17.3, and the notes to Table 17.3.

Table 19.1
Thicknejses of non-conductive jacket on each shielded or nonshielded circuit conductor in a
n

multiple-canductor cable having an overall covering and insulated in the thicknessesfindicated in
Table 15.1 or Table 15.2

Calculated diameter under jacket mils mm
Minimum thickness at any Minimum thickness at any
indhes mm point pqint
0-0.700 0-17.78 25 064
Over 0.700 buf not over 1.500 | Over 17.78 but not over 38,10 45 114
Over 1.500 buf not over 2.500 | Over 38.10 but not over,63.50 70 178
Over|2.500 Over 63:50 - -

2 The insulation thickness used in calculating the diameter under the jacket is to be the specified average insulatior] thickness
where an average is specified and is to be the.specified minimum thickness at any point of the insulation where an pverage
thickness is nat specified.

19.5 BASI¢ OPTICAL METHOD — Measurements are to be made by means of an optical|device that is
accurate to gt least 0.004-inch or 0.01 mm. The non-conductive circuit-conductor jacket is tp be removed
from a length of the finiShed conductor without damage to the jacket. The maximum and mipimum points
are to be megasureddirectly.

19.6 DIRECT-MEASUREMENT — Measurements are to be made by means of a dead-weight pin-gauge
dial micrometer that exerts 25 +2 gf or 0.25 £0.02 N on a specimen through a flat, rectangular presser foot
measuring 0.043 inch by 0.312 inch or 1.09 mm by 7.92 mm. The pin is to be 0.437 inch or 11.10 mm long
and 0.020 inch or 0.51 mm in diameter. The instrument is to be calibrated to read directly to at least 0.001
inch or 0.01 mm. The non-conductive circuit-conductor jacket is to be removed from a short length of the
finished conductor without damage to the jacket. A 3/8-inch or 10-mm slice is to be cut from the center of
the resulting hollow length of the jacket with each cut perpendicular to the longitudinal axis of the hollow
length. The maximum and minimum points are to be determined by direct measurement with the entire
length of the pin contacting the inside surface of the jacket during each measurement.

19.7 REFEREE OPTICAL METHOD - If the results obtained via the procedure described in 19.5 or 19.6
are in doubt, a micrometer microscope or other optical instrument calibrated (fine) to read directly to at
least 0.0001 inch or 0.001 mm is to be used. The non-conductive circuit-conductor jacket is to be removed
from a length of the finished conductor without damage to the jacket and the maximum and minimum
points are to be determined by direct measurement using the fine-calibration optical instrument. The
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average of these determinations is to be taken as the average thickness of the jacket. The results of this

optical procedure are to be taken as conclusive.
OPTICAL-FIBER MEMBER(S)
20 Construction

20.1

An overall jacket shall be part of and shall enclose each individual optical-fiber member. A member

may include one or more glass fibers with their requisite individual coverings and may also include one or

more strength elements. A member shall not include any metal or other conductive
otherwise, neither the jacket nor the underlying construction of the member is specified.

material but,

ASSEMBLY OF MULTIPLE-CONDUCTOR CABLE

21 Optical-Fiber Member(s)
21.1  One of more optical-fiber members(s) may be included in a multiple-cohductor cable.
members maly be grouped with or without electrical conductors. Optical-fiber members sh

Optical-fiber
bll be cabled

individually of as a group with the same direction and length of lay as the electrical condyctors. In the

performance pf the cable, each optical-fiber member is to be considered)as a filler. A group o
members with or without any electrical conductor(s) in it shall not-iiclude any non-current-c
parts such as|a metal strength element or a metal vapor barrier,@nd’shall not include any othg
parts. A non-¢gonductive strength element may be included; its\construction is not specified.

22 Circuit Conductors

22.1 A mulfjple-conductor cable shall contain two ‘or more circuit conductors, each of w
insulated and|all of which shall be of the same size. All of the circuit conductors shall be insu
same materigl in one of the thicknesses indicated in Table 15.1 or Table 15.2, or 15.3. All s
same insulatipn level. All shall be shielded\(see 16.2) or nonshielded and all shall be individu
or not jackete¢d in accordance with 194>"All shall have the same temperature, wet or dry,
ratings. All of{the circuit conductors.in-a given cable shall be of the same metal (see 23.7 fq
conductor mdtal).

22.2 The cincuit conductars-shall be cabled with a length of lay that is not greater than indic
22.1. The dirgction of lagzmay be changed at intervals throughout the length of the cable.
need not be yniform. in.a cable in which the direction of lay is reversed:

a) Eagh area in which the lay is right- or left-hand for several (typically 10) complete tw
cycled) 'shall have the insulated conductors cabled with a length of lay that is not

f optical-fiber
arrying metal
er conductive

hich shall be
ated with the
hall have the
ally jacketed
and voltage
r grounding-

ated in Table
The intervals

ists (full 360°
greater than

indicated in Table 22.1, 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 22.1.

If the direction of lay is not reversed in a cable containing layers of conductors, the outer layer of
conductors shall have a left-hand lay and the direction of lay for the inner layers of conductors is not
specified. If the direction of lay is not reversed in a single-layer cable, the conductors shall have a left-hand

lay.

22.3 Aleft-hand lay is defined as a counterclockwise twist away from the observer.


https://ulnorm.com/api/?name=UL 1072 2024.pdf

OCTOBER 2, 2024

UL 1072

35

Table 22.1
Length of lay of circuit conductors

Maximum length of lay

Number of circuit With an overall covering on cable Without an overall covering on
conductors in cable cable
2 30 times conductor diameter® 60
3 35 times conductor diameter® times
4 40 times conductor diameter® conductor
5 or more 15 times the calculated diameter over the assembly of diameter®
circuit conductors but, in a multiple-layer cable, the length
eftay-of-the-eiretit-conduetors-ineach-of- the-irrerayersin
not specified (governed by the construction of the cabling
machine)

@"Conductor d
the diameter is
at any point of

ameter" is the calculated diameter over one finished circuit conductor. The insulation thickhess used
to be the specified average thickness where an average is specified and is to be the specified minin
he insulation where an average thickness is not specified.

in calculating
um thickness

23 Grounding Conductor

23.1
have an ove
comply with
shielded (se
single covereg
of the size in
of circuit con
conductor is
The covering

23.2 Single
with interloch
resistance th
See 23.6.

23.3 Cable

A groyinding conductor is not required in a triplex or other multiple-conductor cable

rall non-conductive jacket or an overall metal covering and in which the circu

e Table 1.2). Any grounding conductor that is used in a multiple-conductor ca
d or bare conductor of the size indicated in golumn A (copper) or a single cove
Hicated in column B (aluminum) of Table 28.1 for MV-90 or Table 23.2 for MV-10
Huctors used in the cable shall be unsectioned (in one location). The covering o
to be for corrosion or another protective purpose only and shall not be credited
shall be colored as indicated in 68.4 and 68.5.

or multiple-conductor cablg_having interlocked aluminum armor or multiple-co
ed steel armor shall contain a grounding conductor that is not smaller in siz
an indicated in Table 23.1 or Table 23.2 for the size of circuit conductors used

having a cortugated or smooth metal sheath with a resistance greater than ing

of the last folir columns of Table 23.1 or Table 23.2 for the size of circuit conductors used in t

contain a gr|
grounding cg
of Table 23.1

bunding_conductor that is of a size such that the measured resistance (see
nductorin parallel with the sheath is not higher than indicated in one of the last
or Table 23.2 for the size of the circuit conductors used in the cable. See 23.6.

that does not
it conductors

column A, B, or C of Table 15.3 (nonshielded. single-conductor cable) or afe individually

ble shall be a
red conductor
5, for the size
n a grounding
as insulation.

hductor cable
b or higher in
in the cable.

icated in one
he cable shall
23.8) of the
four columns

23.4 Cable having a corrugated or smooth metal sheath with a resistance equal to or lower than
indicated in one of the last four columns of Table 23.1 or Table 23.2 for the size of the circuit conductors
used in the cable may contain a grounding conductor. See 23.6.

23.5 Cable having an overall non-conductive jacket but not having any metal sheath or interlocked armor
may contain a grounding conductor. See 23.6.

23.6 Whether required or not, any grounding conductor provided in a multiple-conductor cable covered
in 23.2, 23.3, 23.4, or 23.5 shall be bare and shall be cabled with the circuit conductors as a single

conductor (one section) or divided into two or more equal parts with each such part or section cabled
separately. The grounding conductor shall not be smaller in overall size than 14 AWG if of copper or 12
AWG if of aluminum. No part of a sectioned grounding conductor shall be smaller than 14 AWG if of

copper or 12

AWG if of aluminum.
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23.7 A grounding conductor shall not be laid straight and shall not be distributed helically (concentric) in
a multiple-conductor cable. A grounding conductor of copper is appropriate in a multiple-conductor cable
containing aluminum circuit conductors and not having an overall covering. In a multiple-conductor cable
having an overall covering, a grounding conductor shall be of the same metal as the circuit conductors,
except that a copper grounding conductor may be used with aluminum circuit conductors.

23.8 RESISTANCE — The resistance of the smooth or corrugated metal sheath, and any grounding
conductor taken in parallel with the metal sheath, is to be determined by placing a sample of the finished
cable in a wooden, V-shaped trough having stud-type wire connectors at the ends (spaced 10 ft or 3048
mm between centers) as shown in Figure 23.1. The sample of cable under test is not to be under any
mechanical tension in the trough. The ends of the metal sheath and any grounding conductor are to be
secured firmly in the wire connectors. The grounding conductor is to be folded around each end of the
metal sheath|and gripped against the sheath by the wire connectors. The wires of a strandéd grounding
conductor arg to be spread out somewhat to result in maximum contact. Leads are to b& brqught out to a
Kelvin doublg-bridge ohmmeter that has a range of 0.001 — 11 ohms and is accurate 0 withir| 2 percent of
the value reafl. The resistance of the smooth or corrugated metal sheath and any, grounding| conductor is
to be read dirgctly in ohms.

Figure 23.1

Appparatus for measuring resistance of metal sheath and, any grounding condugtor

CONNECTIONS
TO KELVIN
DOUBLE BRIDGE

SC1135-1
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Table 23.1
Smallest acceptable grounding conductor in multiple-conductor Type MV-90 cable

Grounding conductor

Maximum direct-current resistance of corrugated or

o .~ smooth sheath in cable without a grounding conductor,
opper uminum and of the parallel combination of grounding conductor
Size of circuit conductors and sheath in'tcable having a corrugated or smooth
sheath-of highgr resistance than indicated in these 4
Smallest total cross- Smallest total cross- columns
Smallegt sectional area of sectional area of 20°C (681F 25°C (77°F
AWG sizqg of sectioned grounding Smallest sectioned grounding (68[F) (77°F)

AWG or kcmil un- conductor® AWG size of conductor® Ohms based Ohms based
sectiongd unsectioned Ohms based on 1000 Ohms based on 1000
grounding grounding on 1000 feet eters of | on 1000 feet | meters of

Copper Aluminum | conductar A cmil® mm? conductor B cmil® mm? of sheath sheath of sheath sheath
8 8-6 8 16180 8.20 6 25715 13703 0.6795 2.230 0.6929 2.274
6-2 4-1/0 6 25715 13.03 4 40905 20.73 0.4276 1.403 0.4359 1.430
1-2/0 2/0-250 4 40905 20.73 2 65033 32.95 0.2689 0.8820 0.2742 0.8993
3/0 — 250 300 - 400 3 51568 26.14 1 82016 41.56 0.2132 0.6996 0.2175 0.7133
300 - 400 450 - 600 2 65033 32.95 1/0 103488 52.42 0.1691 0.5548 0.1724 0.5657
450 - 600 750 — 900 1 82016 41.56 2/0 130438 66.08 0.1340 0.4398 0.1367 0.4485
750 — 1000 1000 1/0 103488 52.42 3/0 164444 83.31 0.1063 0.3487 0.1084 0.3556

@ Resistance is the criterion of size but th
resistance of the conductor complies with

©0.98 times the nominal area in circular

©0.98 times the nominal area in circular r}

one of the last four columns.

hils of the AWG conductor size inicoldmn A.

hils of the AWG conductor size in“column B.

e area in this column is included for use,if @rea is more convenient. A conductor having less than the

tabulated area is acceptable if the
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Table 23.2
Smallest acceptable grounding conductor in multiple-conductor Type MV-105 cable

Grounding conductor Maximum direct-current resistance of corrugated or
o AT smooth sheath in cable without a grounding
opper uminum conductor, and of the parallel combination of
Size of circuit conductors grounding)conductor and sheath in cable having a
corrugated or smooth sheath of higher resistance than
Smallest total cross- Smallest total cross- ind{cated in these 4 columns
sectional area of sectional area of 20°C (68{F 25°C (77°F
Smalles sectioned grounding | Smallest AWG sectioned grounding (681F) (77°F)
AWG or kcmil AWG size [of conductor? size of conductor? Ohms Ohms Ohms Ohms
unsectionpd unsectioned based on hased on based on based on
grounding grounding 1000 feet of | 1000 meters | 1000 feet of | 1000 meters
Copper Aluminum | conductol A cmil® mm? conductor B cmil® mm? sheath gf sheath sheath of sheath
8 8-6 8 16180 8.20 6 25715 13703 0.6795 2.230 0.6929 2.274
6-2 4-1/0 6 25715 13.03 4 40905 20.73 0.4276 1.403 0.4359 1.430
1-2/0 2/0-4/0 4 40905 20.73 2 65033 32.95 0.2689 0.8820 0.2742 0.8993
3/0-4/0 250 - 350 3 51568 26.14 1 82016 41.56 0.2132 0.6996 0.2175 0.7133
250 - 350 400 - 500 2 65033 32.95 1/0 103488 52.42 0.1691 0.5548 0.1724 0.5657
400 - 500 550 — 750 1 82016 41.56 2/0 130438 66.08 0.1340 0.4398 0.1367 0.4485
550 - 750 800 — 1000 1/0 103488 52.42 3/0 164444 83.31 0.1063 0.3487 0.1084 0.3556
800 - 1000 - 2/0 130438 66.08 4/0 207368 105.1 0.08432 0.2766 0.08598 0.2820
@ Resistance is the criterion of size but thgl area in this column is included for usesif area is more convenient. A conductor having less than the fabulated area is acceptable if the
resistance of the conductor complies with jone of the last four columns.
b 0.98 times the nominal area in circular nfils of the AWG conductor size in-Column A.
©0.98 times the nominal area in circular mjils of the AWG conductor-size in column B.
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24 Fillers

241 Fillers shall be used where necessary to give a substantially circular cross section to a completed
multiple-conductor cable that has an overall covering. Fillers may be separate or may be integral with any
non-conductive jacket. Fillers shall be cabled with the conductors or, if applicable to the construction, may
be in the center of the cable. Fillers shall be of non-conductive nonmetallic material but otherwise are not

specified.

25 Assembly Covering

251

In a multiple-conductor cable on which there is a metal sheath (of any variety) or interlocked armor

(Wlth or without-a-st |pp|omnnf9ry Jiar\l{ni‘ overthe sheath or Qrmnr)’ the neenmhly ofcircuit-conductors (Wlth

or without a
conductive jg

25.2 Inan
armor, the ag
nonmetallic 3

25.3 An as
assembly jad
are visible W
directly over
well centereq

acket on each), any grounding conductor, and any fillers shall be enclosed \ei
cket that complies with 25.3 — 25.5 or by a tape separator that complies with 25|

ultiple-conductor cable on which there is an overall jacket but no métal’sheath
sembly of circuit conductors, any grounding conductor, and any)fillers may be
eparator or binder whose material and construction are not specified.

sembly jacket shall be of one of the materials (non-conductive) indicated in T,
ket shall not have any defects (bubbles, open spots, rips, tears, cuts, or foreign

the underlying assembly. The underlying assembly“shall be completely covereq
in the assembly jacket.

254 Speci

properties that comply with the applicable one of-the tables referenced in Table 26.1 wh
described in Section 31.

25,5 The
29.1 when

of doubt, by the referee optical method-described in 25.9.

25.6 Asep
similar tape.
metal sheath
specified. An

25.7 BASIC

ens prepared from samples of an assembly jacket taken from the finished cabl

inimum thickness at any poinhf-of an assembly jacket shall not be less than indi
easured as described in,25:7 (basic optical method) or 25.8 (direct measureme

rator shall consist of a rubber-filled cloth tape or a treated-paper, polyester, poly
The tape shallbe applied to keep any grounding conductor from physical co
or armor but,\otherwise, the construction of the tape and the manner of its appli
open bindér or skeleton arrangement is not acceptable for this purpose.

ORTICAL METHOD — Measurements are to be made by means of an optical

her in a non-
6.

or interlocked
enclosed in a

bble 27.1. An
material) that

ith normal or corrected vision without magnification./ An assembly jacket shall be applied

and shall be

e shall exhibit
en tested as

cated in Table
nt) or, in case

propylene, or
htact with the
cation are not

device that is
noved from a

accurate to 4

t least 0.001 inch or 0.01 mm. The non-conductive assembly jacket is to be re

length of the finished cable without damage to the jacket and the maximum and minimum points are to be
measured directly.

25.8 DIRECT MEASUREMENT — Measurements are to be made by means of a dead-weight pin-gauge
dial micrometer that exerts 25 +2 gf or 0.25 £0.02 N on a specimen through a flat, rectangular presser foot
measuring 0.043 inch by 0.312 inch or 1.09 mm by 7.92 mm. The pin is to be 0.437 inch or 11.10 mm long
and 0.020 inch or 0.51 mm in diameter. The instrument is to be calibrated to read directly to at least 0.001
inch or 0.01 mm. The non-conductive assembly jacket is to be removed from a short length of the finished
cable without damage to the jacket. A 3/8-inch or 10-mm slice is to be cut from the center of the resulting
hollow length of the jacket with each cut perpendicular to the longitudinal axis of the hollow length. The
maximum and minimum points are to be determined by direct measurement with the entire length of the
pin contacting the inside surface of the jacket during each measurement.
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25.9 REFEREE OPTICAL METHOD - If the results obtained via the procedure described in 25.7 or 25.8
are in doubt, a micrometer microscope or other optical instrument calibrated (fine) to read directly to at
least 0.0001 inch or 0.001 mm is to be used. The non-conductive assembly jacket is to be removed from a
length of the finished cable without damage to the jacket and the maximum and minimum points are to be
determined by direct measurement using the fine-calibration optical instrument. The results of this optical
procedure are to be taken as conclusive.

OVERALL COVERING(S)
26 General
26.1 An overall r\n\lnring(e} shall he prr\\lirlnrl on-each einglo conductor and mu ||fip|a conductor cable in
accordance with Table 26.1. The finished cable shall in each case be round.
Table 26.1
Overall coverings
Cable Acceptable covering(s)
Type Material(s) Properties Thicknesses
nonshielded sirlgle-conductor cables Non-conductive jacket | Any in Table 274 Table 27.2 — Table 27.20
insulated in the|thicknesses indicated Table 27.14 as
in columns B and C of Table 15.3 applicable
Shielded singlefconductor cables Option 1: Conductive extrusion of | Column A of Cplumn A of
Conductive any.insulation or Table 17.2 Table 17.3
nonmetallic insulation jacKeting material
covering that is part of | ‘mentioned in Section
shielding 14 or27
Option 2: Any in Table 27.1 Table 27.2 — Table 27.18
Non-conductivesjacket Table 27.14 as
over shielding applicable
Option.3:;
Nonmagnetic metal
coverifg as part of a
shielding
Option 4: Any in Table 27.1 Table 27.2 - Table 29.1
Supplementary non- Table 27.14 as
conductive jacket applicable
over
Nonmagnetic metal
covering that is part of a
shielding
Option 5:
Nonmagnetic metal a
covering
over
Non-conductive jacket | Any in Table 27.1 Table 27.2 — Table 27.18
that is over shielding Table 27.14 as
applicable
Option 6:
Nonmagnetic metal
covering that is part of a
shielding
over

Table 26.1 Continued on Next Page
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Table 26.1 Continued

option B

Cable Acceptable covering(s)
Type Material(s) Properties Thicknesses
Conductive Conductive extrusion of | Column A of Column A of
nonmetallic insulation any insulation or Table 17.2 Table 17.3
covering that is part of | jacketing material
shielding mentioned in Section
14 0r27
Option 7: Any in Table 27.1 Table 27.2 — Table 29.1
Supplementary non- Table 27.14 as
conductive jacket applicable
Ovcel
Nonmagnetic metal
covering that is part of a
shielding
over
Conductive Conductive extrusion of | Column A of Column A of
nonmetallic insulation any insulation or Table 17.2 Jable 17.3
covering that is part of | jacketing material
shielding mentioned in Section
14 0r27
Option 8: Table 27.2 —
Supplementary non- Any in Table’27.1 Table 27.14 as Table 29.1
conductive jacket applicable
over
Nonmagnetic metal
covering a
over
Non-conductive,jacket Table 27.2 —
that is over shielding Any in Table 27.1 Table 27.14 as Table 27.18
applicable
Multiple-conductor cable in which OptionA:
2400 V nonshiglded circuit conductors | Nen-conductive jacket
insulated in thg thicknesses indicated Table 27.2 —
in Table 15.1 of Table 15.2 are used Any in Table 27.1 Table 27.14 as Table 27.18
with or withoutfa non-conductive applicable
jacket of the thjcknesses indicated-in
Table 19.1 on ¢ach circuit conductor
Multiple-conductor cable-inwhich Option B:
shielded circuif conductors/insulated Metal sheath or steel Section 28
in the thicknesges indicated in Table or aluminum armor
15.1 or Table 1|5.2 are’ used that are over
not |nd|v|dua||> jnrknfnd orhave an
individual non-conductive jacket of the | Assembly covering Table 27.2 —
thicknesses indicated in Table 19.1 consisting of non- Any in Table 27.1 Table 27.20 as Table 29.1
conductive jacket applicable
or
Tape separator 25.6
ggsglr:eri:entary non- Table 27.2 -
conductive jacket over Any in 27.1 Tablg 27.20 as Table 29.1
applicable

Multiple-conductor cable in which
shielded circuit conductors insulated
in the thicknesses indicated in Table
15.1 or Table 1

5.2 are used and have

None required but any used shall comply with option A, B, or C above

Table 26.1 Continued on Next Paae



https://ulnorm.com/api/?name=UL 1072 2024.pdf

42

UL 1072

OCTOBER 2, 2024

Table 26.1 Continued

Cable Acceptable covering(s)

Type Material(s) Properties

Thicknesses

either an individual jacket of the
thicknesses indicated in column A of
Table 17.3 or an individual non-
conductive jacket of the thicknesses
indicated in Table 27.18

of nonshielded
cables that are
A, B, or Cof Ta

Multiple-conductor cable assembled

None acceptable
single- conductor

as indicated in column
ble 15.3

@ Smooth or co
acceptable bec

rugated metal sheath or interlocked aluminum armor complying with Section 28 (interlocked steelar
buse it is magnetic).

mor is not

27 Jacket

27.1 MATEH
indicated in ]

RIAL AND APPLICATION — An overall jacket shall be of one of. the non-conduct
[able 27.1 (see 14.4 for the long-term evaluation of a non-conductive jacket

named in Tab
conductive m
single-condu

spots, rips, tears, cuts, or foreign material) that are visible, with normal or corrected v

magnification
binder or sep
well centered
jacket shall n

le 27.1 or not complying with the short-term tests specified)in 27.1), or shall be
aterials covered in Section 17 where the functions.-of the insulation shielding
tor cable jacket are combined. An overall jacket shall' not have any defects (b

An overall jacket shall be applied directly ovérihe underlying assembly or ove
arator mentioned in 25.2. The underlying assembly shall be completely covered
in the jacket. Impressions of the undetlying assembly in the outer surface g
pt show depressions caused by unfilledspaces beneath the overall jacket.

ive materials
material not
of one of the
and overall
ubbles, open
sion without
r the optional
and shall be
f the overall
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Table 27.1
Non-conductive jacket

Ja

cket material® Table of properties requirements
CP Table 27.2
CPE Table 27.4
NBR/PVC Table 27.6
Neoprene Table 27.8
PEP Table 27.10
PVC Table 27.12
TPE Taple 2712

@ An overall jag
use. A pull-out
using the tightd
bushing to ten
bushing.

® PE jacket is 4

ket of material that is generically different from any material covered in this table is acceptable ifjlapp
test is to be part of the evaluation. In the test, an outlet bushing is to be secured to the finished ‘cablg
ning torque tabulated below. Then, 50 Ibf or 22.7 kdf is to be exerted for 5 min along the longitudina
to pull the cable out of the bushing. To be acceptable, the cable is not to move more thanA/8 inch 9

cceptable only for 90°C (194°F) cable.

Trade size of fitting Tightening torque
ininches Ibf-inch N-m kgf-m
3/8 200 22.6 2.30
12 300 339 3.46
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

icable for the
as intended
axis of the

r 3 mm in the

27.2 PROHA
cable shall e
referenced in

27.3 THICH
than indicate
cable) and th

Table 27.1 (noh=conductive jacket) when tested as described in Section 31.

(NESSES)~ The minimum thickness at any point of a non-conductive jacket sh
d in Table 27.18 (overall jacket on shielded single-conductor cable or on multi
e average thickness of the jacket and the minimum thickness at any point of th

an—Tahbl 27 20 [

ERTIES — Specimens prepared from samples of an overall jacket taken from the finished
Khibit properties-that comply with Table 17.1 (conductive material), or with the applicable table

il not be less
ple-conductor
e jacket shall

not be less t

PV~ H FP~= aralli kot an-—nnaonaehialdad-cinal Bdatar-9
arr miaieatcu mir 1dviC o7 .2yJ \\JVUICIII JGUI\UL UTT TTUTTOTTICTUCU OIIIHIU CUTITUULLVUT &4

00 V cables)

when measured as described in 27.4 (basic optical method) or 27.5 (direct measurement) or, in case of
doubt, by the referee optical method described in 27.6. For the thicknesses of a conductive overall jacket
(functions of insulation shielding and the overall cable jacket combined), see 17.5, Table 17.3, and the
notes to Table 17.3.

27.4 The thickness of a non-conductive extruded-to-fill jacket that fills the spaces between the wires on a
wire-shielded single-conductor cable with individual wires 60 mils or greater (1.52 mm or greater) in
diameter shall not be less than shown in Table 27.19. The jacket material shall be in contact with the

insulation shi

elding and shall strip freely.
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Table 27.2
Properties of non-conductive CP? jacket

Property

Value

I. Physical Properties — see Section 31 for method

See Table 27.3

using unaged specimens — see Section 36 for method

II. Set using 1-inch or 25-mm bench marks — Maximum at room temperature

30 percent

Ill. Cold bend — see Section 38 for method

No damage shall result

@ CP designates a cross-linked compound whose characteristic constituent is chlorosulfonated polyethylene.

Table 27.3
Physical properties of non-conductive CP? jacket

Conditign of specimens at time of measurement

Minimum ultimate
elongation
(1-inch or 25-mm bench
marks)

Minimum tensile strength

Unaged

250 percent
(2-1/2 inches or 62.5'mm)

1500 Ig
10.3

f/in? or

MPa

Specimens of jacket from 90°C (194°F) cable:

Aged in a full-d
(212.0 +1.8°F)

aft circulating-air oven for 240 h at 100.0 £1.0°C

50 percent©f the result with
unaged specimens

70 percent of
unaged s|

he result with
becimens

Specimens of jacket from 105° (221°F) cable:

Aged in a full-d
(249.8 +1.8°F)

aft circulating-air oven for 168 h at 121.0 £1.0°C

50 percent of the result with
unaged specimens

70 percent of
unaged s|

he result with
becimens

Specimens of 76°C (167°F) oil-resistant jacket from cable
marked “oil resistant II” — see 70.1(h):

Aged in oil (se€480.5 of UL 1581) for 60 d at 75.0 £1,0°€ (167.0
+1.8°F)

65 percent of the result with
unaged specimens

65 percent of
unaged s

he result with
becimens

Specimens of Gt)"C (140°F) oil-resistant jacket from cable
marked “oil resigtant I” — see 70.1(h):

Aged in oil (see480.5 of UL 1581) for 96:hat 100.0 +1.0°C
(212.0 +1.8°F)

50 percent of the result with
unaged specimens

50 percent of
unaged s|

he result with
becimens

@CP designate

a cross-linked eompound whose characteristic constituent is chlorosulfonated polyethylene.

Table 27.4
Properties of non-conductive CPE? jacket

Property

Value

Thermoplastic

Thermoset

I. Physical properties — see Section 31 for method

See Table 27.5

1. Cold bend- see Section 38 for method

No damage shall result

IIl. Heat distortion — Maximum reduction in thickness at 121
+1.0°C (249.8 £1.8°F) — see Section 35 for method

25 percent

Test not applicable

IV. Set using 1-inch or 25-mm bench marks — Maximum at room
temperature using unaged specimens— see 36.1 for method

Test not applicable

30 percent

@ CPE designates a thermoplastic or cross-linked compound whose characteristic constituent is chlorinated polyethylene.
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Table 27.5
Physical properties of non-conductive CPE? jacket
Minimum ultimate elongation
(1-inch or 25-mm bench marks) Minimum tensile strength
Condition of specimens at time of
measurement Thermoplastic Thermoset Thermoplastic Thermoset
Unaged 150 percent (1- | 250 percent (2- 1400 Ibf/in? or 1500 Ibf/in? or
1/2 inches or 38 1/2 inches or

mm) 62.5 mm) 9.65 MPa 10.3 MPa or
Aged in a full-draft circulating-air oven for 168 h 50 percent of the | 60 percent of the | 85 percent of the result with unaged
at 121.0 £1.0°C (249.8 £1.8°F) result with result with specimens

unaged unaged

SPEeCHRERS

SpeeHRens

Specimens of
from cable ma
Aged in oil
75.0 £1.0°

5°C (167°F) oil-resistant jacket

C (167.0 +1.8°F)

ked “oil resistant II” — see 70.1(h):

(see 480.5 of UL 1581) for 60 d at

65 percent of the result with unaged
specimens

65 percent of'the reslilt with unaged

specime

ns

Specimens of
from cable ma
Aged in oil
100.0 £1.0

0°C (140°F) oil-resistant jacket

°C (212.0 £1.8°F)

ked “oil resistant I’ — see 70.1(h):
(see 480.5 of UL 1581) for 96 h at

50 percent of the result with unaged
specimens

50 percent of the res{ilt with unaged

specime

ns

@ CPE designa|

es a thermoplastic or cross-linked compound whose characteristic-canstituent is chlorinated polyeth

ylene.

Table 27.6

Properties of non-conductive NBR/PVC? jacket

Property

Value

I. Physical properties — see Section 31 for method

See Table 27.7

unaged specinmens — see 36.1 for method

1. Set using 1-|nch or 25-mm bench marks — Maximumiat room temperature using

=3

30 percep

11l. Cold bend + see Section 38 for method

No damage shdll result

polyvinyl chloride.

@ NBR/PVC debignates a cross-linked compaund whose characteristic constituents are acrylonitrile butadiene rubbpr and

Table 27.7
Physical properties of non-conductive NBR/PVC? jacket

Minimum ultimate
elongation

Condition of specimens at time of measurement

(1-inch or 25-mm bench
marks)

Minimum tensile strength

Unaged

250 percent
(2-1/2 inches or 62.5 mm)

1500 Ibf/in® or
10.3 MPa

Specimens of jacket from 90°C (194°F) cable:

Aged in a full-draft circulating-air oven for 240 h at 100.0
+1.0°C (212.0 £1.8°F)

50 percent of the result with
unaged specimens

70 percent of the result with
unaged specimens

Specimens of jacket from 105°C (221°F) cable:

Aged in a full-draft circulating-air oven for 168 h at 121.0
+1.0°C (249.8 +1.8°F)

50 percent of the result with
unaged specimens

70 percent of the result with
unaged specimens

Table 27.7 Continued on Next Page
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Table 27.7 Continued

Condition of specimens at time of measurement

Minimum ultimate
elongation
(1-inch or 25-mm bench
marks)

Minimum tensile strength

Specimens of 75°C (167°F) oil-resistant jacket from cable
marked “oil resistant II” — see 70.1(h):

Aged in oil (see 480.5 of UL 1581) for 60 d at 75.0 £1.0°C
(167.0 £1.8°F)

65 percent of the result with
unaged specimens

65 percent of the result with
unaged specimens

Specimens of 60°C (140°F) oil-resistant jacket from cable
marked “oil resistant I’ — see 70.1(h):

Aged in oil (sed480.5 of UL 158T)Tor 96 h at 100.0 £1.0°C
(212.0 £1.8°F)

50 percent of the result with
unaged specimens

50 percent of result with
unaged sgecimens

polyvinyl chloride.

@ NBR/PVC dedignates a cross-linked compound whose characteristic constituents are acrylonitrile butadiene subbgr and

Table 27.8
Properties of non-conductive neoprene?® jacket

Property

Value|

I. Physical propgrties — see Section 31 for method

See Table[27.9

II. Set using 1-i
specimens — sge 36.1 for method

ch or 25-mm bench mark — Maximum at room temperature Using unaged

20 percgnt

Ill. Cold bend —|see Section 38 for method

No damage shall result

@ Neoprene des]ignates a cross-linked compound whose characteristic constituent is polychloroprene.

Table 27.9
Physical properties-of non-conductive neoprene? jacket

Condition of specimens at time of measurement

Minimum ultimate
elongation
(1-inch or 25-mm bench
marks)

Minimum terysile strength

Unaged

62.5 mm)

250 percent (2-1/2 inches or

1500 Iyf/in2 or
10.3|MPa

Specimens of jacket from,90°C (194°F) cable:

Aged in a full-dfaft eirculating-air oven for 240 h at 100.0 +1.0°C
(212.0 £1.8°F)

50 percent of the result with
unaged specimens

70 percent of the result with
unaged sPecimens

Specimens of jacket from 105°C (221°F) cable:

Aged in a full-draft circulating-air oven for 168 h at 121.0 +1.0°C
(249.8 £1.8°F)

50 percent of the result with
unaged specimens

70 percent of the result with
unaged specimens

Specimens of 75°C (167°F) oil-resistant jacket from cable
marked “oil-resistant II” — see 70.1(h):

Aged in oil (see 480.5 of UL 1581) for 60 d at 75.0 +1.0°C (167.0
+1.8°F)

65 percent of the result with
unaged specimens

65 percent of the result with
unaged specimens

Specimens of 60°C (140°F) oil-resistant jacket from cable
marked “oil-resistant I’ — see 70.1(h):

Aged in oil (see 480.5 of UL 1581) for 96 h at 100.0 £1.0°C
(212.0 £1.8°F)

50 percent of the result with
unaged specimens

50 percent of the result with
unaged specimens

@ Neoprene designates a cross-linked compound whose characteristic constituents is polychloroprene.
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Table 27.10
Properties of non-conductive PE? jacket

see Section 35 for method

Property Value
I. Physical properties — see note ° to Table 27.11 and Section 30 for method See Table 27.11
1. Heat distortion — Maximum reduction in thickness at 90.0 £1.0°C (194.0 £1.8°F) — 25 percent

I1l. Cold bend — see Section 38 for method

No damage shall result

IV. Environmental cracking — see Section 43 for method

No cracks shall result

0.925 g/cm?® and a high molecular weight. The compound may be filled or unfilled.

@ PE designates a compound whose characteristic constituent is thermoplastic polyethylene having a nominal density of 0.910 —

Table 27.11
Physical properties of non-conductive PE? jacket

Minimum ultimate elongation

ile strength®

r'5°C (167°F) oil-resistant jacket from cable
istant " — see 70.1(h):

Specimens of
marked “oil-reg

Condition of specimens at time of measurement (1-inch or 25-mm bench Minimum teng
marks)®
Unaged 350 percent (3-1/2 inches or 1400 Ibf/in® or
87.5 mmy 9.65 MPa
Aged in a full-draft circulating-air oven for 48 h at 100.0 75 percent of the'result with 75 percent of the result with
+1.0°C (212.0 {£1.8°F) unaged, specimens unaged specimens

Aged in oil (se¢ 480.5 of UL 1581) for 60 d at 75.0 £1.0°C 65-percent of the result with 65 percent of fhe result with
(167.0 £1.8°F)| unaged specimens unaged specimens
Specimens of $0°C (140°F) oil-resistant jacket from cable

marked “oil-registant I’ — see 70.1(h):

Aged in oil (se¢ 480.5 of UL 1581) for 96 h at 100.0'4+4.0°C 50 percent of the result with 50 percent of the result with
(212.0 £1.8°F) unaged specimens unaged specimens

@ PE designatg
0.925 g/cm? ar

b PE is to be te

d a high molecular weight:, The compound may be filled or unfilled.
Sted at a speed of 20 £N\in/min or 500 £25 mm/min.

s a compound whose characteristic constituent is thermoplastic polyethylene having a nominal dendity of 0.910 —

Table 27.12
Properties of non-conductive PVC? jacket

Property Acceptable value
I. Physical properties — see Section 31 for method See Table 27.13
1. Heat distortion — Maximum reduction in thickness at 121.0 +1.0°C (249.8 +1.8°F) — see 50 percent
Section 35 for method
IIl. Heat shock — see 37.1 for method No cracking shall result
IV. Cold bend — see Section 38 for method No damage shall result

and vinyl acetate.

@ PVC designates a thermoplastic compound whose characteristic constituent is polyvinyl chloride or a copolymer of vinyl chloride



https://ulnorm.com/api/?name=UL 1072 2024.pdf

48

UL 1072

OCTOBER 2, 2024

Table 27.13

Physical properties of non-conductive PVC ? jacket

Conditions of specimens at time of measurement

Minimum ultimate

Minimum tensile

elongation strength
(1-inch or 25-mm bench
marks)
Unaged 100 percent (1 inch or 25 1500 Ibf/in? or
mm)

10.3 MPa

+1.8°F)

Specimens of jacket from 90°C (194°F) cable:
Aged in a full-draft circulating-air oven for 240 h at 100.0 +1.0°C (212.0

50 percent of the result

70 percent of the result

with unaged specimens

with unaged specimens

Specimens of j§

Aged in a full-d
+1.8°F)

cket from 105°C (221°F) cable:
Faft circulating-air oven for 168 h at 121.0 £1.0°C (249.8

50 percent of the result
with unaged specimens

7Q,percertt of the result
with unaggd specimens

Specimens of 7]
resistant 11" — sé

Aged in oil (se€
+1.8°F)

e 70.1(h):

5°C (167°F) oil-resistant jacket from cable marked “oil

480.5 of UL 1581) for 60 d at 75.0 £1.0°C (167.0

65 percent of the result
with unaged.specimens

65 percent of the result
with unagé¢d specimens

Specimens of §
resistant I” — se|

Aged in oil (se€
+1.8°F)

e 70.1(h):

0°C (140°F) oil-resistant jacket from cable marked “oil

480.5 of UL 1581) for 96 h at 100.0 £1.0°C (212.0

50 percent of the result

with unaged specimens

50 percentt of the result
with unaged specimens

@ PVC designatps a thermoplastic compound whose characteristic congtituent is polyvinyl chloride or a copolymer of vinyl chloride
and vinyl acetafe.
Table 27.14
Properties of<non-conductive TPE? jacket
Property Value

|. Physical prop|

erties — see Section 31 for method

See Tabld 27.15

1. Heat distortig
Section 35 for

hethod

n — Maximum reductienn thickness at 150.0 +1.0°C (327.6 +1.8°F) — see

50 pergent

11l. Heat shock 1

- see 37.1 for méthod

No cracking ghall result

IV. Cold bend |

see Section\38-for method

No damage ghall result

@ TPE designat

es an extensible compound whose characteristic constituent is a thermoplastic elastomer.

Table 27.15

Physical properties of non-conductive TPE? jacket

Minimum ultimate

elongation
(1-inch or 25-mm bench
Conditions of specimens at time of measurement marks) Minimum tensile strength
Unaged 200 percent (2 inch or 50 1200 Ibf/in® or
mm)

8.27 MPa

Aged in a full-draft circulating-air oven for 168 h at 121.0 +1.0°C

(249.8 +1.8°F)

75 percent of the result with

unaged specimens

75 percent of the result with
unaged specimens

Table 27.15 Continued on Next Page
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Table 27.15 Continued

Conditions of specimens at time of measurement

Minimum ultimate
elongation
(1-inch or 25-mm bench
marks)

Minimum tensile strength

Specimens of 75°C (167°F) oil-resistant jacket from cable marked
“oil resistant II” — see 70.1(h):

Aged in oil (see 480.5 of UL 1581) for 60 d at 75.0 £1.0°C (167.0
+1.8°F)

65 percent of the result with
unaged specimens

65 percent of the result with
unaged specimens

Specimens of 60°C (140°F) oil-resistant jacket from cable marked
“oil resistant I” — see 70.1(h):

Aged in oil (s 50 or at6u.0 £1.
+1.8°F)

75 percent of the result with
unaged specimens

75 percent gf the result with
unaged|specimens

@ TPE designales an extensible compound whose characteristic constituent is a thermoplastic elastomer.

Table 27.16
Properties of non-conductive XL? jacket

Property

Vajue

I. Physical properties — see Section 31 for method

See Taljle 27.13

Section 35 for method

1. Heat distortipn — Maximum reduction in thickness at 121.0 +1.0°C (249.8 +18°F) — see

50 pgrcent

linking either chemically or by irradiation.

@ XL designatef a thermoset compound whose characteristic constituent is XLPE (cross-linked polyethylene), XLP
linked polyviny chloride), XLEVA (cross-linked ethylene vinyl acetate),©r blends thereof. It is appropriate to accomplish the cross-

C (cross-

Table 27.17
Physical properties of non-conductive XL? jacket

Minimum ultimate

elongation
(1-inch or 25-mm bench
Conditigns of specimens at time of measurement marks) Minimum tenpsile strength
Unaged 100 percent (1 inch or 25 1500 Ipf/in® or
mm)

10.3 MPa

Specimens of jacket ffom 90°C (194°F) cable:

Aged in a full-diraft circulating-air oven for 240 h at 100.0 +1.0°C

70 percent of the result with

70 percent of the result with

(212.0 £1.8°F)

UTTaged SpeTieTTs

urragedspecimens

Specimens of jacket from 105°C (221°F) cable:

Aged in a full-draft circulating-air oven for 168 h at 121.0 +1.0°C
(249.8 +1.8°F)

70 percent of the result with
unaged specimens

70 percent of the result with
unaged specimens

Specimens of 75°C (167°F) oil-resistant jacket from cable
marked “oil resistant II” — see 70.1(h):

Aged in oil (see 480.5 of UL 1581) for 60 d at 75.0 +1.0°C
(167.0 1.8°F)

65 percent of the result with
unaged specimens

65 percent of the result with
unaged specimens

Specimens of 60°C (140°F) oil-resistant jacket from cable
marked “oil resistant I’ — see 70.1(h):

Aged in oil (see 480.5 of UL 1581) for 96 h at 100.0 +1.0°C
(212.0 +1.8°F)

50 percent of the result with
unaged specimens

50 percent of the result with
unaged specimens

linking either chemically or by irradiation.

@ XL designates a thermoset compound whose characteristic constituent is XLPE (cross-linked polyethylene), XLPVC (cross-
linked polyvinyl chloride), XLEVA (cross-linked ethylene vinyl acetate), or blends thereof. It is appropriate to accomplish the cross-
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Table 27.18

Thicknesses of non-conductive jacket:
1) overall jacket on shielded single-conductor cable
2) circuit-conductor jacket on each shielded circuit conductor in a
multiple-conductor cable not having any overall covering
3) overall jacket on multiple-conductor cable having an overall covering

or EP insulation in the thicknesses indicated
in column B of Table 15.3

Minimum thickness at any Minimum thickness at any
Calculated diameter under jacket? point point
inches mm mils mm
0-0.700 0-17.78 55 1.40
Over 0.700 butretever4-566 ver-+—FS-butRotever3846 s 448
Over 1.500 but|not over 2.500 | Over 38.10 but not over 63.50 100 2:%4
Over 2.500 Over 63.50 125 3.17
& The insulation| thickness used in calculating the diameter under the jacket is to be the specified average insulation thickness
where an average is specified and is to be the specified minimum thickness at any point of the insulation where an gverage
thickness is notspecified.
Table 27.19
Thicknesses? of extruded-to-fill jacket
Minimum Maximum Minimum Maximum
thickness at any thickness at any thickness at any thigkness at any
Calculated gliameter under jacket point point point point
inches mm mils mm
1-1.500 0-38.10 45 80 1.14 2.05
Over 1.500 Over 38.10 70 120 1.78 3.05
@ All thickness \alues are measured over the wires.
® The insulation| thickness used in calculating the.diameter under the jacket is to be the specified average insulation thickness
where an average is specified and is to be the/specified minimum thickness at any point of the insulation where an gverage
thickness is notspecified.
Table 27.20
Thicknesses of non-conductive jacket on nonshielded
single-conductor cables rated 2400 V
Dry-locations cables with XLPE. EPCV, DREP, Wet-or-dry-I ion le with XLPE, DREP,

or EP insulation in the thicknesses indicated
in column C of Table 15.3

B Cc
Minimum average Minimum thickness at Minimum average Minimum thickness at
Size of conductor thickness any point thickness any point
mils
8-6AWG 30 24 80 64
4-2/0 45 36 80 64
3/0-4/0 65 52 95 76
213 - 500 kemil 65 52 110 88

Table 27.20 Continued on Next Page
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Table 27.20 Continued

Dry-locations cables with XLPE, EPCV, DREP, Wet-or-dry-locations cable with XLPE, DREP,
or EP insulation in the thicknesses indicated or EP insulation in the thicknesses indicated
in column B of Table 15.3 in column C of Table 15.3
B C
Minimum average Minimum thickness at Minimum average Minimum thickness at
Size of conductor thickness any point thickness any point
501 -750 65 52 125 100
751-1000 65 52 125 100
mm
8-6 AWG 0.76 0.61 2.03 1.63
4 -2/ 1.14 0.91 2.03 1.63
3/0-4/0 1.65 1.32 2.41 1.93
213 —500 kemil 1.65 1.32 2.79 2.24
501 -7p0 1.65 1.32 3.18 2.54
751-1d00 1.65 1.32 3.18 2.54
27.5 BASI¢ OPTICAL METHOD - Measurements are to be made by means of an optical [device that is

accurate to 4
removed fror
points are to
determine th

27.6 DIRE(
dial microme]
measuring 0
and 0.043 in

inch or 0.01 mm. The non-conductive.overall or supplementary jacket is to be removed from

of the finishe
the resulting

length. The maximum and minimum points are to be determined by direct measurement v

length of the
thickness is

thickness of the jacket,

27.7 REFE

t least 0.001 inch or 0.01 mm. The non-conductivé overall or supplementary j
h a length of the finished cable without damagde fo the jacket and the maximum
be measured directly and, where the averagé thickness is needed (Table 27.20)]
b average thickness.

CT MEASUREMENT — Measurements are to be made by means of a dead-wei
ter that exerts 25 £2 gf or 0.25 £0:02 N on a specimen through a flat, rectangula
043 inch by 0.312 inch or 1.09.mm by 7.92 mm. The pin is to be 0.437 inch or 1
Ch or 1.09 mm in diameter.The instrument is to be calibrated to read directly to

[ cable without damage-to the jacket. A 3/8-inch or 10-mm slice is to be cut from
hollow length of the-jacket with each cut perpendicular to the longitudinal axis

pin contacting.the inside surface of the jacket during each measurement. Whe
needed (Jable 27.20), the average of these determinations is to be taken as

REE OPTICAL METHOD - If the results obtained via the procedure described i

acket is to be
and minimum
, averaged to

ght pin-gauge
r presser foot
1.10 mm long
at least 0.001
p short length
the center of
of the hollow
ith the entire
e an average
the average

h 27.5 or 27.6

are in doubt,

a micrometer microscope or other optical instrument calibrated (fine) to read

directly to at

least 0.0001 inch or 0.001 mm is to be used. The non-conductive overall or supplementary jacket is to be
removed from a length of the finished cable without damage to the jacket and the maximum and minimum
points are to be determined by direct measurement using the fine-calibration optical instrument. Where an
average thickness is needed (Table 27.20), the average of these determinations is to be taken as the
average thickness of the jacket. The results of this optical procedure are to be taken as conclusive.

28 Metal Covering

28.1

GENERAL — A metal covering shall consist of one of the following:

a) A smooth sheath complying with 28.4 — 28.6.

b) A welded and corrugated sheath complying with 28.7 and 28.8.
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¢) An extruded and corrugated sheath complying with 28.9 and 28.10.

d) Interlocked armor complying with 28.11 — 28.20.

28.2 The sheath, or the strip forming the armor, shall be continuous throughout the length of the cable. A
sheath shall not have flaws that affect its integrity — that is, a sheath shall not have any weld openings,
cracks, splits, foreign inclusions, or the like. The strip from which armor is formed may be spliced (see
28.13) but there shall not be any cut or broken ends. In a multiple-conductor cable, a metal covering shall
be applied over the assembly covering (non-conductive assembly jacket or a tape separator) required in
25.1. In a shielded single-conductor cable, a continuous smooth or corrugated metal covering shall
constitute the nonmagnetic metal component of the insulation shielding and shall comply with the
conductance and application requirements in Table 18.1 (applied directly over the conductive nonmetallic
covering porttl)on of the insulation shielding). A metal covering shall not be used on a nonshielded single-
conductor calple.

28.3 The nu
specified but
this standard|

28.4 SMOQ
copper conte

be tightly fornped around the underlying cable.

28.5 The aV
less than indi
are to be det
the anvil, has
or 0.01 mm. T

28.6 Asmo

the entire length of the cable and the cable may be resheathed.

28.7 WELD
of an aluming
copper. The
corrugated.

28.8 The m
corrugated sh
tape is to be ¢

mber of corrugations per unit length of a welded or extruded corrugated metal
s to be judged on the basis of the performance of the finished cable 'in the test

TH METAL SHEATH — A smooth metal sheath shall be of*an aluminum-base 3
nt of 0.40 percent or less, of commercially pure lead, or,of‘an alloyed lead. The

erage thickness and the minimum thickness at‘any point of the smooth sheath
cated in Table 28.1 (lead) or Table 28.2 (aluminum). The thicknesses of the sn
ermined by means of a machinist's micrometer caliper that has a hemispheric
a flat surface on the end of the spindle,sand is calibrated to read directly to at leq
he spindle shall be round.

bth sheath that does not complywith the requirements in this standard may be

—D AND CORRUGATED METAL SHEATH — A welded and corrugated metal sh
m-base alloy haying*a copper content of 0.40 percent or less, of bronze, or
sheath shall be tightly formed around the underlying cable and shall be

inimum_thickness at any point of the unformed metal tape from which the

sheath is not
5 specified in

lloy having a
sheath shall

shall not be
hooth sheath
bl surface on
st 0.001 inch

stripped from

eath shall be
bf electrolytic
welded and

welded and

eathis'made shall not be less than indicated in Table 28.3. The thickness of the unformed

etermined by means of a machinist's micrometer caliper having an anvil and sp

ndle that are

round and ar

nottarger thanm 0-200 mchor 5.t mm i diameter, with flatsurfaces oneaci:

28.9 EXTRUDED AND CORRUGATED METAL SHEATH — An extruded and corrugated metal sheath
shall be of an aluminum-base alloy having a copper content of 0.40 percent or less. The sheath shall be
tightly formed around the underlying cable.

28.10 The minimum thickness at any point of the unformed metal tube from which the extruded and
corrugated sheath is made shall not be less than indicated in Table 28.3 when determined as indicated in
the second sentence of 28.8.

28.11 INTERLOCKED ARMOR — Armor shall consist of interlocked steel or aluminum strip and shall
comply with 28.2 and 28.11 — 28.19. Dimensions of the metal strip shall comply with 28.20.
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28.12 The strip shall be made of steel or of an aluminum-base alloy with a copper content of 0.40
percent or less. Steel strip shall be protected against corrosion by a coating of zinc on all surfaces,
including edges and splices. The coating on each surface shall be evenly distributed, shall adhere firmly at
all points, and shall be smooth and free from blisters and all other defects that can diminish the protective
value of the coating.

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

28.14  Zinc- 2 or 276 MPa and
not more thpn 70,000 Ibf/in> or 483 MPa. The tensile strength shall be determinedtop longitudinal
specimens cpnsisting of the full width of the strip when practical and otherwise on a straight[specimen slit
from the cenfer of the strip. The test shall be made prior to application of the strip to the cable
Table 28.1
Thicknesses of smooth lead sheath
Lead over which there is no supplementary Lead over which there is a
jacket supplementary jacket
Maximum Maximum
Calculated dihmeter under | Minimum thickness at any thickness.at any | Minimum thickness | thi¢kness at any
ledd? point point at any point point
inches mils
0-0.425 40 75 40 75
Over 0.425 bufnot over 0.700 60 95 50 85
Over 0.700 butinot over 1.050 70 105 65 100
Over 1.050 bufjnot over 1.500 85 135 75 110
Over 1.500 bufnot over 2.000 100 150 85 135
Over 2.000 butinot over 3.000 115 170 100 150
Over B.000 125 185 115 170
mm mm
0-10.80 1.02 1.91 1.02 1.91
Over 10.80 butinot over 1#.30 1.52 241 1.27 2.16
Over 17.30 bufjnot over26.70 1.78 2.67 1.65 2.54
Over 26.70 bufjnot'gvér 38.10 2.16 343 1.91 2.79
Over 38.10 but not over 50.80 2.54 3.81 2.16 3.43
Over 50.80 but not over 76.20 2.92 4.32 2.54 3.81
Over 76.20 3.18 4.70 2.92 4.32
@ The insulation thickness used in calculating the diameter is to be the specified average insulation thickness where an average is
specified and is to be the specified minimum thickness at any point of the insulation where an average thickness is not specified.
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Table 28.2
Thicknesses of smooth aluminum sheath with or without a supplementary jacket over the sheath
Minimum Minimum Minimum Minimum
average thickness at average thickness at
Calculated diameter under aluminum thickness any point thickness any point
inches mm mils mm

0-0.400 0-10.16 35 32 0.89 0.81
Over 0.400 but not over 0.740 | Over 10.16 but not over 18.80 45 41 1.14 1.04
Over 0.740 but not over 1.050 | Over 18.80 but not over 26.67 55 50 1.40 1.27
Over 1.050 but not over 1.300 | Over 26.67 but not over 33.02 65 59 1.65 1.50
Over 1.300 but hot over 1.550 | Over 33.02 but not over 39.37 75 68 1.90 1.73
Over 1.550 but hot over 1.800 | Over 39.37 but not over 45.72 85 77 2.16 1.96
Over 1.800 but hot over 2.050 | Over 45.72 but not over 52.07 95 86 2.41 2.18
Over 2.050 but hot over 2.300 | Over 52.07 but not over 58.42 105 95 2.67 2.41
Over 2.300 but hot over 2.500 | Over 58.42 but not over 64.77 115 104 2.92 2.64
Over 2.550 but hot over 2.800 | Over 64.77 but not over 71.12 125 113 3.18 2.87
Over 2.800 but hot over 3.050 | Over 71.12 but not over 77.47 135 122 3.43 3.10
Over 3.050 but hot over 3.300 | Over 77.47 but not over 83.82 145 131 3.68 3.33
Over 3.300 but hot over 3.550 | Over 83.82 but not over 90.17 155 140 3.94 3.56
Over 3.550 but hot over 3.800 | Over 90.17 but not over 96.52 165 149 419 3.78
Over 3.800 but hot over 4.050 | Over 96.52 but not over 102.9 175 158 4.45 4.01

Over 4.050 Over 102.9 - - - -

@ The insulation
specified and is

thickness used in calculating the diameter is to-beithe specified average insulation thickness where @n average is
to be the specified minimum thickness at any point of the insulation where an average thickness is npt specified.

Table 28.3
Minimum thickness at any point of unformed metal tape from which corrugated sheath is welded
or extruded
Calculated diameter under sheath Thickness of unformgd metal tape
Metal inches mm mils mm
0-2.180 0-55 22 0.56
Aluminum Over 2.180 but not over 3.190 Over 55 but not over 81 29 0.74
Over 3.190 but not over 4.200 Over 81 but not over 107 34 0.87
U—2.365 U—00 7 0.43
Bronze or Over 2.365 but not over 3.545 Over 60 but not over 90 21 0.53
electrolytic copper

Over 3.545 but not over 4.200 Over 90 but not over 107 25 0.64

@ The insulation thickness used in calculating the diameter is to be the specified average insulation thickness where an average is
specified and is to be the specified minimum thickness at any point of the insulation where an average thickness is not specified.

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

28.16 Unformed zinc-coated steel strip shall comply with the test for weight of zinc coating described in
51.1-51.7.
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28.17 Finished zinc-coated steel strip, prior to being applied to the cable, shall have a zinc coating that
remains adherent without flaking or spalling when the strip is subjected to a 180° bend over a mandrel that
is 1/8 inch or 3.2 mm in diameter. The zinc coating is to be considered as complying with this requirement
if, when the strip is bent around the specified mandrel, the coating does not flake and none of it can be
removed from the strip by rubbing with the fingers.

28.18 Neither loosening or detachment during the adherence test nor superficial (small) particles of zinc
formed by mechanical polishing of the surface of the zinc-coated steel strip is to constitute reason for
rejection.

28.19 Unformed and formed zinc-coated steel strip shall comply with the copper sulphate test of the zinc
coating described in Copper Sulphate Test of Zinc Coating on Steel Strip for and from Steel Armor, Section
50.

28.20 The width of unformed aluminum strip or of unformed zinc-coated steel strip shall ot be greater
than indicated in Table 28.4. The minimum thickness at any point of the formed.metal strip femoved from
the finished ¢able shall not be less than indicated in Table 28.4 when measured\by means ofla machinist's
micrometer daliper having an anvil and spindle that are round and are not larger'than 0.020 inch or 5.1 mm
in diameter, With flat surfaces on each.

Table 28.4
Dimensions of metal strip

Minimum thickness at any point of the formed strip
Calculated dlameter under Maximum width of removed from the finished cable
arrhor® unformed strip® Steel Alunfinum
inghes mils
0-0.500 500 17 12
Over 0.500 buf not over 1.000 750 17 32
Over 1.000 buf not over 1.500 875 17 32
Over 1.500 buf not over 2.000 875 22 7
Over|2.000 1000 22 7
mm mm
0-[2.7 12.7 0.43 055
Over 12.7 buf not over, 264 19.0 0.43 0J56
Over 25.4 buf not over38.1 222 0.43 0J56
Over 38.1 buj not'over 50.8 222 0.56 0469
Over 50.8 254 0.56 0.69

@ The insulation thickness used in calculating the diameter is to be the specified average insulation thickness where an average is
specified and is to be the specified minimum thickness at any point of the insulation where an average thickness is not specified.

® The tolerances for the width of steel strip are plus 10 mils and minus 5 mils or plus 0.2 mm and minus 0.1 mm. The tolerances for
the width of aluminum strip are plus and minus 10 mils or plus and minus 0.2 mm.

29 Supplementary Jacket over Metal Covering

29.1 A supplementary jacket is required over a metal sheath or armor on a cable that is marked [see
73.1 (a), (b), (c), and (d)] for direct burial. A supplementary jacket is not required over a metal sheath or
armor on other cables. When used, a supplementary jacket shall consist of one of the materials indicated
in Table 27.1 that has properties that comply with 27.2 (see 14.4 for the long-term evaluation of a non-
conductive jacket material not named in Table 27.1 or not complying with the short-term tests specified in
27.2). A supplementary jacket shall not have defects (bubbles, open spots, rips, tears, cuts, or foreign
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material) that are visible with normal or corrected vision without magnification. A supplementary jacket
shall be tight and shall be applied directly over the sheath or armor. The sheath or armor shall be
completely covered and shall be well centered in the supplementary jacket. Impressions of the sheath
corrugations or of the armor convolutions in the outer surface of a supplementary jacket shall not show
depressions caused by unfilled spaces beneath the supplementary jacket.

29.2 The average thickness of a supplementary jacket and the minimum thickness at any point of a
supplementary jacket shall not be less than indicated in Table 29.1 when measured as described in 27.4
(basic optical method) or 27.5 (direct measurement) or, in case of doubt, by means of the referee method
described in 27.6.

Table 291
Thickanses of supplementary jacket over a metal sheath or armor and thickness jof non-
¢onductive assembly jacket under metal covering on multiconductor(cable|
Jacket over or under corrugated metal
Calculated diameter under | Jacket over or under smooth metal sheath sheath or interlocked armor
jacket? Minimum average Minimum thickness Minimum,average Minimpm thickness
thickness at any point thickhess at pny point
inchps mils
0-0.f50 50 35 50 35
Over 0.750 but not over 65 46 50 35
1.5Q0
Over 1.500 but not over 80 56 60 42
2.250
Over 2.250 but not over 95 67 75 52
3.0q0
Over 31000 110 77 85 60
mm mm
0-194.05 1.27 0.89 1.27 0.89
Over 19.05 but not over 1.65 117 1.27 0.89
38.10
Over 38.10 but not over 2.03 1.42 1.52 1.07
57.15
Over 57.15 but not over 2.41 1.70 1.90 1.32
76.30
Over 76.20 2.79 1.96 2.16 1.52
@ The insulation fthicknesswused in calculating the diameter is to be the specified average insulation thickness where @n average is
specified and is [fo be\the specified minimum thickness at any point of the insulation where an average thickness is npt specified.

PERFORMANCE

30 Test or Examination for Integrity and Continuity of Non-conductive Jacket Over Insulation
Shielding or Over a Metal Sheath or Armor

30.1 A visual examination is specified in 30.2 for jackets for which a spark test is inappropriate.
Otherwise, the integrity and continuity of non-conductive jacket over insulation shielding or over a metal
sheath or over armor shall be demonstrated by the finished jacket withstanding, without electrical
breakdown, the application of a 50, 60, 100, 400, 1000, 3000, or 4000 Hz essentially sinusoidal rms test
potential of the magnitude indicated in Table 30.1. The a-c spark test is to be made as described in 30.3 —
30.11. One hundred percent of production shall be tested by the cable manufacturer at the cable factory.
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30.2 The following finished jackets shall be examined for physical defects (bubbles, open spots, rips,
tears, cuts, and foreign material) that are visible with normal or corrected vision without magnification:

a) A conductive jacket combining the functions of insulation shielding and overall single-conductor
jacket.

b) An

overall jacket of non-conductive neoprene of any dielectric strength.

c) An overall jacket of any non-conductive material having a dielectric strength too low to withstand
the spark potential specified in Table 30.1.

d) An overall jacket (of any non-conductive material) applied over an assembly jacket of any
material or over a polyester, polypropylene, or similar non-conductive binder tape having a

dieled

The visual e
repeated.

30.3 A spa
system, and
requirements
service or if
traceable. C
other nationg

304 Thev

normal cond
electrode.

30.5 The €

intimate confact throughout its entire length.with the surface of the jacketed construction bein

30.6 Theb
appreciably
1-1/2 inches

30.7 Fora
of each bead

tric strength greater than that of the overall jacket.

kamination that is required after the jacket is applied serves this purpose and

Ik tester shall include a voltage source, an electrode, a voltmeter, a fault-sig
the necessary electrical connections. The ability of the\equipment to con

need not be

nal device or
nply with the

in 30.4 — 30.10 shall be certified at least annually by an-gecredited independgnt calibration

5 equivalent, such as checking the test potential with a voltmeter whose
blibration shall be traceable to the U.S National Jastitute of Standards and Tj
| metrology institution.

bltage source of a spark tester shall maintain‘the test voltage indicated in Table
itions of leakage current. The voltage ‘source shall not be connected to m

lectrode shall be of a link-chainyor bead-chain or other acceptable type an

bttom of the metal electrode enclosure shall be U- or V-shaped, the chains shall

calibration is
echnology, or

30.1 under all
bre than one

d shall make
g tested.

have a length

jreater than the depth of the enclosure, and the width of the trough shall be approximately

pr 40 mm greatenthan the diameter of the largest-diameter construction thatis b

bead-chain electrode, the longitudinal and transverse spacings of the chains ang
shall comply with Table 30.2.

eing tested.

the diameter

Table 30.1
A-C spark- = ing, a metal
sheath, or armor
Specified average thickness of jacket Jacket® of CP, thermoset Jacket® of PE,

mils mm CPE, or NBR/PVC thermoplastic CPE, or PVC

25 0.64 1.0 2.0

30 0.76 1.5 25

45 1.14 2.0 4.0

50 1.27 2.0 45

60 1.52 25 55

Table 30.1 Continued on Next Page
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Table 30.1 Continued

Specified average thickness of jacket Jacket® of CP, thermoset Jacket® of PE,
mils mm CPE, or NBR/PVC thermoplastic CPE, or PVC
65 1.65 25 6.0
75 1.90 3.0 6.5
80 2.03 3.0 7.0
85 2.16 35 75
95 2.41 4.0 8.5
110 2.79 4.5 10.0
140 3.56 5.5 1215
& For a thermosgt jacket of a thickness that is not shown, the test voltage is to be calculated on the basis of 40kilovdlts per inch of
jacket thicknesg or 1.575 kilovolts per millimeter of jacket thickness, rounded to the nearest 0.5 kV.
® For a thermopjastic jacket of a thickness that is not shown, the test voltage is to be calculated on the Basis of 90 kilovolts per inch
of jacket thickngss or 3.543 kilovolts per millimeter of jacket thickness, rounded to the nearest 0.5 k.

Table 30.2
Maximum center-to-center spacings of bead chains
Transverse spacing?
Diameter &f a bead? Longitudinal spacing® Chains staggered Chains not|staggered
inch mm inch mm inch mm inch mm
3/16 5.0 1/2 13 12 13 3/8 10
3/32 2.5 The chains shall be staggered:and shall touch one another in the longitudinal and fransverse
directions.

@ A diameter and spacings other than indicated are acceptable if investigation shows that the chains contact an equal or greater
area of the outdr surface of the insulated conductor.

30.8 The el¢ctrode shall be provided.with an earth-grounded metal screen or another guard|that protects
operating perponnel against electric shock from the electrode and associated parts.

30.9 The valtmeter shall be connected to the circuit to indicate the actual test potential at all fimes.

30.10 The gpark-test:équipment shall include a light, counter, or other device or system|that gives a
visible signal|in thenevent of a fault. When a fault is detected, the signal shall be maintained until the
indicator is repet:'manually.

30.11 The length of the electrode is not specified, but the rate of speed at which the jacketed
construction travels through the electrode shall result in every point on the jacketed construction being in
contact with the electrode for not less than a total of 18 positive and negative crests of the supply voltage
(the equivalent of 9 full cycles of the supply voltage). The maximum speed of the jacketed construction is
to be determined by means of whichever of the following formulas is applicable:

feet per minute = 5/9 x frequency in hertz x electrode length in inches,
or

meters per minute = 1/150 x frequency in hertz x electrode length in millimeters.

For convenience, Table 30.3 shows the formulas for each of the frequencies mentioned in 29.1.
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Table 30.3

Formula for maximum speed of jacketed construction in terms of electrode length L

Formula for feet per minute Formula for millimeters per minute
Nominal supply frequency in hertz (L in inches) (L in millimeters)

50 27.8L, 0.333Lmm

60 33.3L, 0.400L 1,

100 55.6L;, 0.667L

400 2221, 2.67Lmm
1000 556L,, 6.67Lmm
3000 16671, 20,00,
4000 22221, 26.7L

30.12 The
construction
ground conn
which an ear
or other voltg

metal component of the insulation shielding or the metal sheath of armor of

ection shall be made at either or both the pay-off and take-up reels. In any ¢
th-ground connection is made shall be bonded directly to the earth ground on th
ge source in the spark tester.

31 Physic3l Properties Tests

31.1  The methods of preparation of samples, of selection and conditioning of specimens, &
the measurgments and calculations for tensile strength,and elongation of extruded matg
employed ag conductor shielding, conductor insulation; insulation shielding, and jackets
indicated (bgginning with 400.1) under the heading.PHYSICAL PROPERTIES TESTS OF

in UL 1581. All specimens shall b&’die-cut; tubular specimens shall not be

the jacketed

and the conductor or conductors shall be earth-grounded during~the spark tg¢st. An earth-

ase, a reel at
e transformer

nd of making
rials that are
are to be as
INSULATION
sed. Specific

limits for individual materials are in Table 13.3 (conductor shielding), Table 14.1 — Table 14.
Table 17.1 apd Table 17.2 (insulation shielding), and Table 27.2 — Table 27.15 (jackets).

32 Corrosion of Uncoated Copper Conductors

32.1 Uncodted copper conductors are to be removed from one unaged specimen of the 1

and from ong specimen aged at'the elevated temperature for the length of time indicated in |
the ultimate{elongation testof the conductor-shielding material used in the cable. Non
specimens of the uncoated copper shall show any evidence of corrosion in a close visual exa
normal or corrected(vision without magnification. Normal oxidation or discoloration that is 1
-shielding material is to be disregarded.

4 (insulation),

inished cable
Table 13.3 for
e of the two
mination with
ot caused by

fetding

33.1

The tension necessary to remove extruded insulation shielding from the insulation shown in Table

14.1 and Table 14.4 shall not be less than 3 Ibf or 13.3 N or 1.36 kgf when samples from the finished cable
are tested as described in 33.2 — 33.5. This requirement does not apply to insulation in Table 14.10.
Removal of the shielding shall not damage the insulation and the insulation shall not retain any conductive
material that cannot readily be removed.

33.2 This test is to be made on conductors from finished cable that contains insulation shielding whose
conductive nonmetallic covering consists of an extrusion that is in contact with the insulation shown in
Table 14.1 and Table 14.4. On each of three samples of the conductor(s) from such cable, the metal
component of the insulation shielding and any jacket over it are to be removed.
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33.3 Two parallel longitudinal cuts 1/2 inch or 13 mm apart and not less than 12 inches or 305 mm long
are to be made through the extruded insulation shielding at one end of each sample starting at the end of
the sample. Each sample is then to be rotated 180° and two additional, identical cuts are to be made
starting from the same end. Starting tabs are to be made by peeling back both of the two resulting 1/2-inch
or 13-mm strips from the starting end of each sample for a distance of 2 inches or 50 mm.

33.4 A sample is to be held securely at both of its ends. The free end of one of the starting tabs is to be
gripped firmly so that the 1/2-inch or 13-mm strip can be pulled at an angle of 90° to the longitudinal axis of
the conductor. The strip is to be peeled from the insulation at a rate of approximately 1/2 in/s or 13 mm/s
for a distance of not less than 10 inches or 254 mm. The angle of pull is to be maintained as close as
possible to 90° throughout the test. The tension necessary to remove the strip is to be monitored
continuously and the minimum value is to be recorded.

33.5 The tegt is to be repeated with the second strip on the first sample. If neither of the following occur
with either of the two strips on the first sample, the extruded insulation shielding is acceptablg and the two
remaining safnples need not be tested:

a) The

b) The
If (@) or (b) O

additional str
strips experie

34 Deformation Test of EPCV or XLPE Insulation

34.1 EPCV
are too small
thickness tha
style in Table
load indicateq

Round spec
conductors

Flat, rectang
conductors

minimum peeling tension is less than 3 Ibf or 13.3 N or 1.36 kgf.

insulation is damaged by the peeling.

ccurs, the test is to be repeated on each of the two\remaining samples for 3
ps tested. The extruded insulation shielding is net acceptable if any of the fqg
hce (a) or (b).

pr XLPE insulation (the insulation plusithe conductor shielding in the case of co

h the following percentage (this*is-indicated for the conductor size and round or
14.7 (IV) (for EPCV) or in Table 14.1 (IV) (for XLPE) when specimens are sul
in Table 34.1 while being maintained at a temperature of 121.0 £1.0°C (249.8

mens with conductorin place from 8 — 4/0 AWG 25 percent maximum distorti

ular specimensfrom 250 — 1000 kcmil 15 percent maximum distorti

total of four
ur additional

hductors that

to provide for flat, rectangular specimens) from finished cable shall not decr¢ase more in

lat specimen
jected to the
1.8°F):

on

on

Table 341

Specimen load

Load? exerted on a specimen by the foot of the rod?®
Size of conductor of N
8 AWG 500 4.90
7-1 750 7.35
1/0 - 4/0 1000 9.81
250 — 2000 kemil 2000 19.61

& The specified load is not the weight to be added to each rod in the test apparatus but rather the total of the weight added and the
weight of the rod. Because the weight of the rod varies from one apparatus to another, specifying the exact weight to be added to
arod to achieve the specified load on a specimen is impractical in all cases except for an individual apparatus.
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34.2 Finished XLPE-insulated circuit conductors are to be removed from the finished cable, and any
insulation shielding and other coverings over the insulation are to be removed without damage to the
insulation.

34.3 The diameter D, over the XLPE insulation and the conductor shielding on each of five 1-inch or 25-
mm specimens of 8 — 4/0 AWG circuit conductors is to be measured to the nearest 0.001 inch or 0.01 mm.
In each case, the measurement is to be made at a marked position by means of a dead-weight dial
micrometer whose presser foot puts a load of 85 +3 gf or 0.84 £0.02 N or 3.0 0.1 ozf on the specimen.
The presser foot is to have a flat, round face whose diameter is 0.250 £0.010 inch or 6.4 £0.2 mm. The
anvil of the instrument is to be round, is to be at least 1.5 inches or 38 mm in diameter, and is to be parallel
to the face of the presser foot. In each case, the diameter d over the conductor is to be measured by
means of the same dial micrometer. The original thickness T, of the insulation and conductor shielding is
then to be calculated to the nearest 0.001 inch or 0.01 mm from the following formula.

_Di-d

T 5

34.4 For 25
be prepared

each of thes¢ samples, a flat, rectangular test specimen of the insulation*1 inch long and 9/1

25 mm by 1
specimens 0
weight dial n
rectangular g

0 — 2000 kcmil circuit conductors, five samples approximately 8 inches or 200 nj
with a thickness of 0.050 £0.010 inch or 1.27 £0.25 mm, with both surfaces s

4 mm is to be prepared. At a marked position, the @riginal thickness T, of ¢
f insulation is to be measured to the nearest 0.004yinch or 0.01 mm by means
icrometer described in 34.3. The entire surface of the presser foot is to be in cg
pecimen during measurement.

m long are to
mooth. From
b inch wide or
bach of these
of the dead-
ntact with the

34.5 The apparatus and test method are to be as described in 560.3 — 560.7 of UL 1581.
35 Deformption Test of Non-conductive Thekmoplastic Jackets
35.1 Each [ircuit-conductor, assembly,~overall, and supplementary jacket that is of a npn-conductive
thermoplasti¢ material and is taken frem-the finished cable shall not decrease more in thickpess than the
following pefcentage (this and the ‘test temperature are indicated for the particular material in the
applicable properties table) when'specimens are subjected to a load of 2000 gf or 19.61 N while being
maintained at the following tempgrature:
Non-conductivie thermoplastic 25 percent maximum 121.0 £1.0°C (249.8 +1.8°F) item Il
CPE distortion Table 27.4
Non-condluctive PE 25 percent maximum 90.0 £1.0°C (194.0 £1.8°F) iten Il
distortion Table27.10
Non-condctive\PVC 50 percent maximum 121.0 £1.0°C (249.8 +1.8°F) item Il
distortion Tablel27.12
Non-conductive TPE 50 percent maximum 150.0 £1.0°C (327.6 +1.8°F) item Il
distortion Table 27.14
35.2 Each circuit-conductor, assembly, overall, and supplementary jacket of non-conductive

thermoplastic CPE, non-conductive PE, non-conductive PVC, and non-conductive TPE is to be removed
from the finished cable without damage to the jacket. Five samples of each jacket approximately 8 inches
or 200 mm long are to be prepared with a thickness of 0.050 £0.010 inch or 1.27 +0.25 mm, with both
surfaces smooth. From each of these samples, a flat, rectangular test specimen 1 inch long and 9/16 inch
wide or 25 mm by 14 mm is to be prepared.
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Figure 35.1

Deformation test apparatus with specimens in place
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35.3 At a marked position, the thickness T, of each of these original specimens is to be measured by
means of a dead-weight dial micrometer whose presser foot puts a load of 85 £3 gf or 0.84 +0.02 N or 3.0
+0.1 ozf on the specimen. The presser foot is to have a flat, round face whose diameter is 0.250 +0.010
inch or 6.4 £0.2 mm. The anvil of the instrument is to be round, is to be at least 1.5 inches or 38 mm in
diameter, and is to be parallel to the face of the presser foot. The entire surface of the presser foot is to be

in contact with the rectangular specimen during measurement.

35.4 The apparatus and test method are to be as described in 560.3 — 560.7 of UL 1581.

36 Set of Non-conductive Thermoset Jackets

36.1 Each

thermoset m
(this is indic4
as described

wreuit r\nnrhlr\fnr, Qe:nmhl\]/, n\lnrall, and ellpplnmanfal J|9r\|.(nf that-is—of a—non-conductive

aterial and is taken from the finished cable shall not exhibit a set greater than
ted for the particular material in the applicable properties table) when specime
in 36.2 — 36.6:

the following
ns are tested

No-ncondugtive CP, Non-conductive 30 percent maximum set item |l Table 47.2
thermosef CPE, Non-conductive (0.30 inch or 7.5 mm) item |V Table 27.4
NBR/PVC item |l Table 47.6
Non-cgnductive neoprene 20 percent maximum set item Il Table 47.8

(0.20 inch or 5.0 mm)

36.2 The s
described in

bt test is to be made at room temperature by mieans of the power-driven teg
120.1 of UL 1581. The machine shall be such that the movable grip can be stopy

36.3 Thes

t test is to be made using four unaged.specimens that have not been stretcheq

previously to] any test. The specimens are to be.taken from the finished cable. The specim

die-cut and

arked with lines 1 inch or 25 mm apart (bench marks) as described for

properties tests in 420.2, 420.4 — 420.6, 440:1- 440.3, and 440.22 — 440.24 of UL 1581. On

to be clamp
adjusted syn
movable grip
ambient air is

36.4 Theg
3 inches or
immediately
measured to
the distance

d in position with both of the~bench marks visible between the grips. The g
hmetrically to distribute the*tension uniformly over the cross section of the s
is to be adjusted to make the test piece taut but not under tension. The temp
to be recorded.

ips are to beseparated at a rate of 20 £1 in/min or 500 £25 mm/min until the ber
75 mm apart: The test specimen is to be held in the stretched position for
without/snapping back, and rested for 1 min. The distance between the marks

ting machine
ed instantly.

or subjected
ens are to be
the physical-
b specimen is
ips are to be
becimen. The
erature of the

ch marks are
b s, released
is then to be

the nearest 0.01 inch or 0.1 mm and is to be recorded. Just before releasing the specimen,

R befween the marks is to be observed again and, if it has decreased below th

e 3 inches or

75 mm beca

1se’of slipping of the specimen in the grips the specimen that slipped is to be ¢

iscarded and

the test is to be repeated with a fresh specimen.

36.5 Setis the difference between the distance R measured between bench marks after release and rest
and the original bench-mark separation of 1 inch or 25 mm, expressed as a percentage of the original
separation:

_ [R- (linor25mm)] x 100

Set
(linor25mm)

36.6 A non-conductive thermoset jacket is acceptable if, for the first specimen of that jacket, the
calculated set does not exceed 30 percent (0.30 inch or 7.5 mm) for non-conductive CP, non-conductive
thermoset CPE, or non-conductive NBR/PVC and 20 percent (0.20 inch or 5.0 mm) for non-conductive
neoprene. If the set calculated for the first specimen exceeds this value, the test is to be repeated on each
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of the three remaining specimens of that jacket. That jacket is not acceptable if, for any of the three
additional specimens, the calculated set exceeds 30 percent (0.30 inch or 7.5 mm) for non-conductive CP,
non-conductive thermoset CPE, or non-conductive NBR/PVC and 20 percent (0.20 inch or 5.0 mm) for
non-conductive neoprene.

37 Heat Shock Test of Non-conductive PVC and TPE Jackets

37.1 Each circuit-conductor, assembly, overall, and supplementary jacket that is of non-conductive PVC
or TPE and is taken from the finished cable shall not show any cracks either on the surface or internally
when samples are wound around the mandrel indicated in Table 37.1 and then are subjected to a
temperature of 121.0 £1.0°C (249.8 +1.8°F) in a full-draft circulating-air oven for 1 h. This test is indicated
in Table 27.12 (11l) and Table 27,14 (lll)

Table 37.1
Mandrel diameter and number of turns for heat-shock test

Diameter of metal mandrel
as a multiple of the
calculated outside diameter
of the jacketed sample
(cable, assembly, or-circuit

Calculated qutside diameter of jacketed sample (cable,
assembly, or circuit conductor)

inches mm conductor) Number [of turns
0-01750 0-19.05 3 6
Over 0.750 but|not over 1.500 | Over 19.05 but not over 38.10 8 180° pend
Over [.500 Over 38.10 12 180° pend

2 The insulation| thickness used in calculating the diameter is to be the'specified average insulation thickness wherejan average is
specified and if to be the specified minimum thickness at any paint of the insulation where an average thickness is rjot specified.

37.2 This t
supplementa

st is to be made using four'sample lengths of the finished cable with &
jacket of PVC or TPE andieach PVC- or TPE- jacketed assembly and circ

from the finished cable. One sample js\te"be tightly wound for six complete turns, or for a 1
indicated in Table 37.1, around a metal'mandrel having a diameter that complies with Table
six turns are ysed, successive turns are to be in contact with one another. Both ends of the s
be securely hgld in place by friction tape or another means. After heating to a temperature of
(249.8 +1.8°F) for 1 h in a full-draft circulating-air oven, the sample is to be examined for
internal crackp. Internal cracks can be detected as circumferential depressions in the outer su

37.3 A PVQor TPEjacket is acceptable if, for the first sample of that jacket, there isn't any
cracking. If the first,sample having a particular jacket cracks, the test is to be repeated on eac

n overall or
Lit conductor
80° bend as
137.1. Where
ample are to
121.0 £1.0°C
surface and
rface.

evidence of
h of the three

remaining saples having that jacket. That jacket is not acceptable if there is evidence of cracking of any
of the three additional samples having that jacket.

38 Cold Bend Test of Complete Cable

38.1 While at a temperature of —35.0+2.0°C (-31.0 +3.6°F), finished cable shall be capable of being
wound around a right-circular mandrel of the diameter indicated in Table 38.1 without damage to any of its
parts.

38.2 Four essentially straight test lengths of the finished cable are to be cooled for 1 h in circulating air
precooled and maintained at a temperature of —35.0 £2.0°C (-31.0 £3.6°F). At the end of the hour, one
specimen is to be removed from the cold chamber and bent for 180° around a wooden mandrel of the
diameter indicated in Table 38.1 without any more tension than is necessary to keep the surface of the
cable in contact with the mandrel. The bend is to be made at a uniform rate in the direction opposite to any
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curvature in the specimen, and the time taken to remove the test length from the cold chamber and to

complete the

bend is not to exceed 30 s.

Table 38.1
Multiplying factor for determining mandrel diameter for cold bend test

Diameter
mandrel as

Calculated outside diameter of the cable

the calculated outside

of wooden
a multiple of

Cable inch mm diameter of the cable
0-0.800 0-20.32 x8
Without a metal covering o . o 10
With armof or a smooth or - - 14
corrugatefd metal sheath

@ The insulatio
specified and i

5 to be the specified minimum thickness at any point of the insulation where an averagde thickness is

thickness used in calculating the diameter is to be the specified average insulation thickness wherg

an average is
hot specified.

38.3 With g
placed on a

surface dam
acceptable ff
the cable. Ad
inside the ar|
depressions
repeated on
additional tes

39 Cold-In

39.1 Acab
of its compo
jacket, when
temperature
faced, 3-lb o
or 915 mm g
the Impact 4
required on t

norizontal surface where it is to remain undisturbed for at Ieéast'4 h before being

mor is to be visible. Internal cracking of an extriided part can be detected as ¢

minimum of handling and flexing, the test length is then to besremoved from the

age and then is to be disassembled and examined further for damage.
for the first test length, there aren't any cracks, splitsy tears, or other openings
jacent convolutions of any interlocked armor may{separate somewhat but non

n the outer surface of the part. If the first testlength has any of these faults, th
each of the three remaining test lengths~The cable is not acceptable if any
t lengths has one or more of these faults.

pact Test

e is resistant to a temperature-of -40°C (-40°F) if the finished cable shows no cf
nents, including the condugtor stress relief layer, insulation, insulation stress re

a specimen of the finished cable is cooled for at least 4 h in air, maintai
pf -40.0 £2.0°C (-40.0'+3.6°F) for 4 h, and is then subjected to the energy of a fr
1.36-kg weight, that is 1 inch or 25 mm in diameter and falls through a distanc
hd impacts the'specimen laid on a wooden anvil. The test is to be conducted a
t AbnormallysLow Temperature Test, of UL 1581. The marking “-40C” or “n
he surface{see 70.1(0)] and on the tag, reel, or carton [see 72.1(k)].

!

mandrel and
examined for
The cable is
in any part of
b of the cable
rcumferential
e test is to be
of the three

acking of any
ief layer, and
ned at a low
e-falling, flat-
of 36 inches
5 described in
hinus 40C” is

40 Accelerlated Water Absorption — Electrical Method — Tests of DREP, EP, and XLPE

nsulations

40.1

Insulations on circuit conductors shall have the effect that specimens of the insulated conductor that

are immersed continuously in tap water at the specified temperature for 14 d comply with all four of the
following requirements when tested as described in 40.2 — 40.10. DREP, EP, and XLPE insulation from
90°C (194°F) cable shall be tested in water at a temperature of 75.0 +1.0°C (167.0 £1.8°F). DREP, EP, and
XLPE insulation from 105°C (221°F) cable shall be tested in water at a temperature of 90.0 £1.0°C (194.0
+1.8°F). These tests are not required for dry-locations cable — that is, they are not required for nonshielded
2400 V single-conductor cable insulated as indicated in column A or B of Table 15.3. All of these tests are
to be made on the insulated conductor.

a) €, the relative permittivity or dielectric constant of the insulation determined with 48 — 62 Hz
current at an average stress of 80 volts per mil or 3150 volts per millimeter, after immersion of the
specimens for 24 h, shall be 4.0 or less for EP insulation [14.4 (V)(A)(l)] and for DREP insulation
[Table 14.10 (VI)] and 3.5 or less for XLPE insulation [14.1 (VII)].
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b) The capacitance determined after immersion for 14 d shall, for EP insulation [Table

DREP insulation [Table 14.10 (V)], not be more than 3.5 percent higher than the
measured after the 24-h immersion; and shall, for XLPE insulation [Table 14.1 (VI)],
than 3.0 percent higher than the capacitance measured after the 24-h immersion.

14.4 (V)] and
capacitance
not be more

c) The capacitance determined after immersion for 14 d shall, for XLPE insulation [Table 14.1(VI)],
EP insulation [Table 14.4 (V)], and 105°C DREP insulation [Table 14.10 (V)], not be more than 1.5
percent higher than the capacitance measured after immersion for 7 d; and shall, for 90°C DREP
insulation [Table 14.10 (V)], not be more than 4.0 percent higher than the capacitance measured

after immersion for 7d.

d) EP [Table 14.4 (V)], XLPE [Table 14.1 (VI)], and DREP [Table 14.10 (V)] insulations

shall comply

with o

£ 4l £o11 H 4
IS UT UTC TUNMTUWII IH TCYUITTITITTINS.

1) The stability factor (the numerical difference between the percentage’ p
measured with 48 — 62 Hz current at average stresses of 80 and 40 valts pe
and 1575 volts per millimeter) determined after the fourteenth day of immersio
percent or less, or

2) The stability factor determined after the first day subtracted from the s
determined after the fourteenth day shall be 0.5 percent or:less.

40.2 Each of these tests is to be made on two specimens. If.either of these specimen
unacceptablg result, two additional specimens are to be tested."The insulation is not accept
both of the twp additional specimens show any unacceptable result.

40.3 To determine whether or not the insulationxecomplies with the requirements in
requirement i also stated in the item of the properties table for the material indicated in p3
40.1), tests are to be made using a 15-ft or 5-m-specimen of the insulated circuit conductg
cross-linking
After not less| than 48 h from the time of cross-linking, the specimen is to be dried for 24 h
+1.0°C (158.Q £1.8°F) before being immersed in water.

40.4 The cgnter 120-inch or 3048-mm portion of the specimen is to be immersed contin
water at the specified temperaturefor 14 d. The 30-inch or 976-mm portion at each end of thg
to be kept diy above the water’as leakage insulation. A tight-fitting cover for the tank is

directly above the surface of the water, the level of which is to be kept constant.

40.5 The capacitance of the specimen is to be measured with 48 — 62 Hz current at an aver
80 volts rms|per mil of measured insulation thickness or 3150 volts rms per millimeter

ower factors
r mil or 3150
h shall be 1.0

ability factor

5 shows any
hble if one or

40.1 (each
rentheses in
r taken after

nd before the application of any, insulation shielding or other covering over the insulation.

in air at 70.0

ously in tap
specimen is
o be placed

age stress of
of measured
pplied during

insulation thigkness with bridge apparatus after 1 d, 7 d, and 14 d of immersion. The voltage 4
each measurer i e i T

O DE Deltwee ONAaucCto Pe

hat is earth-

grounded and is in contact with the water in which the specimen is immersed. Each result is to be

expressed to the nearest picofarad. The increases in capacitance from 1 d to 14 d and from 7
to be expressed as percentages of the 1-d and 7-d values, respectively.

40.6 The power factor of the specimen is to be measured as specified in of 40.1(d)(1) after
of immersion, and each result is to be expressed to the nearest 0.1 percent. The stability
specimen is then to be computed and expressed to the nearest 0.1 percent.

40.7 The stability-factor difference is then to be computed for the specimen. This value is t

dto14 d are

1dand 14 d
factor of the

he numerical

difference between the stability factors determined after 1 d and 14 d and is to be expressed to the nearest

0.1 percent.
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40.8 For determination of the relative permittivity €, the capacitance of the insulation is to be determined
after immersion of the specimen for 24 h, 7 d, and 14 d.

40.9 For the relative permittivity €, determination, measurements of the capacitance of the insulation are
to be made at a frequency of either 1000 or 60 Hz by means of a capacitance bridge. If measured at 1000
Hz, the rms potential impressed upon the insulation is not to exceed 10 V. If measured at 60 Hz, the
potential impressed upon the insulation is to result in an average stress of the insulation at 80 volts rms
per mil of measured insulation thickness or 3150 volts rms per millimeter of measured insulation thickness.

40.10 The test is to be made on a 15-ft or 5-m specimen of the insulated conductor from which any
insulation shielding or other covering over the insulation has been removed, or the specimen of insulated
conductor is i inki i icafti ny insulation

shielding or q
tap water fof
insulation. T
whenever re

ther covering. The center 120-inch or 3048-mm portion of the specimen is totb
14 d, with a 30-inch or 976-mm portion at each end kept dry above the.wats
he water temperature and the depth of immersion of the specimen ‘are to
pdings are taken. €, the relative permittivity or dielectric constant ,of the insul

immersed in
br as leakage
be the same
ation is to be

determined dfter 1 d, 7 d, and 14 d by means of the formula

DIA
€ =0.0136 x C x log;, ——
7 10 dia
in which:
C is the capacitance in picofarads of the immersed 120'inches or 3048 mm of the spegimen,
DIA i the measured diameter over the insulation i inches or millimeters, and
dia is[the measured diameter over the conductor shielding in inches or millimeters.
41 Room-Temperature Relative Permittivity and Power Factor Tests at Rated Voltage for EP,
DREP, and XLPE Insulations on 8 — 35-kV Circuit Conductors
411 EP, DREP, and XLPE insulations on circuit conductors rated over 5 kV shall have the effect that
specimens (f the insulated conductor immersed in tap water at a temperature of 24.0 (£8.0°C (75.2
+14.4°F) comply with both of the following requirements when tested as described in 41.2 + 41.6. These

tests are notjrequired for 2400'V cable.

the relative permittivity or dielectric constant determined with 48 — 62 Hz cufrent at rated
e to ground for the cable under test, after immersion of the specimens for at legst 24 h, shall
) or\less for EP insulation [Table 14.4 (VI)] and DREP insulation [Table 14.10 (\{1)] and 3.5 or
r' X! PE insulation [Table 14.1 (VII)(A)].

a) g,
voltag
be 4.
less fi

b) PF, the power factor measured with 48 — 62 Hz current at rated voltage to ground for the cable
under test, after immersion of the specimens for at least 24 h, shall be 2.0 percent or less for EP
insulation [Table 14.4 (VII)] and DREP insulation [Table 14.10 (VII)] and XLPE insulations [Table
14.1 (VIID].

41.2 To determine whether or not the insulation complies with the requirements in 41.1 (each
requirement is also stated in the item of the properties table for the material indicated in brackets in 41.1),
tests shall be conducted on samples from one of the voltage levels listed in the following, using 100 %
insulation level thickness. Either four 13-ft (4.0-m) specimens of 8- and 15-kV circuit conductors, or four
17-ft (5.2-m) specimens of 25-, 28-, and 35-kV circuit conductors shall be tested. The specimens of the
insulated conductor are to be taken after cross-linking and before application of any insulation shielding or
other covering over the insulation. After not less than 48 h from the time of cross-linking, two specimens
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are to be dried for 24 h in air at a temperature of 70.0 £1.0°C (158.0 +1.8°F) before being immersed in
water.

41.3 The center 120-inch or 3048-mm portion of each specimen is to be immersed in tap water at a
temperature of 24.0 £8.0°C (75.2 £14.4°F) for 24 h or longer. The remaining portions at the ends of each
specimen are to be kept dry above the water as leakage insulation. A tight-fitting cover for the tank is to be
placed directly above the surface of the water.

41.4 The capacitance and power factor of each specimen are to be measured with 48 — 62 Hz current
after at least 24 h of immersion. During each measurement, the test voltage indicated in Table 41.1 is to be
applied between the conductor in the specimen and an electrode that is earth-grounded and is in contact
with the water in which the specimen is immersed. Each capacitance measurement is to be expressed to
the nearest picofarad.

Table 41.1
Test voltage for room-temperature €, and PF test of insulation

Voltage ratinjg of cable (phase-to-phase circuit voltage) Testvoltage?®
8000 4620
15000 8660
25000 14435
28000 16165
35000 20210

@ The test voltage is the rated voltage to ground for the cable undentest, which is the phase-to-phase circuit voltage divided by the
square root of J (1.732) and rounded off to the nearest 5 V.

415 ¢, the|relative permittivity or dielectricyconstant of the insulation is to be determined for each
specimen aftgr a 24 h or longer immersion.by means of the formula

€% 0.0136 x C x 1ogm‘3ﬁ

Ia

in which:
C is tHe capacitarrce in picofarads of the immersed 120 inches or 3048 mm of the spedimen,

DIA is|the measured diameter over the insulation in inches or millimeters, and

im i ) J ol 4 ) J 4 Jot ot ol ot /) HTH 4
dla IS themeasaredatanteter-overirre conauciot SIICTUITTY TTITICTICSS U TTHIHITITCICT S,

41.6 The circuit-conductor insulation is acceptable if, for each of the first two specimens, the power
factor (PF) after 24 h is not over 2.0 percent for DREP, EP, or XLPE and the relative permittivity (¢,) after
24 h is not over 4.0 for DREP or EP or is not over 3.5 for XLPE. If any of these limits is exceeded for either
specimen, the test is to be repeated on each of the two remaining specimens. The insulation is not
acceptable if, for either of the two additional specimens, any of these limits is exceeded.

42 Dry Electrical Test

421 A sample of 1/0 AWG aluminum or copper 15-kV cable utilizing a 100 percent level of insulation
along with conductor stress relief and an outer insulation shield with any acceptable metallic shield is to be
used for the test. The sample shall be 30 ft or 9 m long and the test is to be performed with the cable in
nonmetallic conduit of the 3-in trade size. The effective length between the terminals is to be at least 20 ft
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or 6 m. The sample is to be energized at rated phase-to-ground voltage and sufficient current to maintain a
conductor temperature of 140°C (284°F) for 504 h (three weeks) continuously. At least three samples shall
be tested. The current loading may be interrupted during the test, if necessary, provided that the total time
is achieved.

42.2 The relative permittivity and power factor are to be measured before the current loading at ambient
temperature, 105°C (221°F), and 140°C (284°F). After the current loading has been completed, the same
properties are to be measured at the three temperatures.

42.3 The Partial Discharge Test, as described in Section 55, is to be performed before and after the
current loading. This test is not conducted on DREP insulation.

42.4 After the test has been completed, either the power factor between the conductor and|the insulation
shields, shall not increase by more than 10 percent at each of the three test temperatures/or| if after the 3-
week period [the increase in power factor is greater than 10 percent, the test shall be continlied and, at 1-
week intervdls, the power factor shall be measured and recorded at each of the/tempergtures. If it is
anticipated tiat testing will be continued beyond the 3-week period, readings, shall be taken weekly. The
cable has papgsed the test whenever the following equation is satisfied for all three temperatufes during the
same time pegriod:

in which:

PF, i3
3 wed
be us]

The requiren

The power factor shall not exceed thexmaximum limit specified at room temperature at an

testing.

42.5 The results of the Partial) Discharge Test shall comply with the requirements for pan

extinction le
This testis n

43 Environ

the last power factor measurement (average of the three samples) at the nth w
ks. When the total duration of the testis 3 weeks, the initial power factor meas
ed for F, . 3.

nent may be satisfied at 3 weeks or at the end of any 1-week incremental per

el in 55.1 — 55.6’in the initial specimens and after the current loading has bee
bt conducted-on DREP insulation.

mental.Cracking Test of Non-conductive PE Jacket

eek when n 2
urement is to

od thereafter.
y time during

tial discharge
n completed.

431 Ano becimens are
prepared and tested as described in ASTM D 1693 with the modifications noted in 43.2, 43.3, and 43.4.
This is indicated for non-conductive PE jackets in Table 27.10 (IV).

conductiva PE iackat chall nat chow anyv avidanca af orackina whan thran o
CORGUGtHvYe— oG Ao RS -5SHOW—arty Heeh S SCKHRg—WHEAHEee—S

43.2 Six test specimens measuring approximately 1.5 inches by 0.5 inch by 0.125 inch or 38 mm by 13
mm by 3 mm are to be prepared from samples of the non-conductive PE jacket taken from the finished
cable. The specimens are to be prepared by the compression and heat molding process that is described
in ASTM D4703, except that the temperature of each newly molded specimen may be lowered at any
convenient rate. Note that, according to Table 1 of ASTM D1248, uncolored and unfilled PE resin is typed
by density (g/cm?) as follows. Also, only Type | PE is used in Type MV cable.

0.910-0.925
0.926 - 0.940

Type I:
Type II:
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0.941-0.959
over 0.959

Type llI:
Type IV:

43.3 The controlled imperfection on each of three specimens is to be made with a fresh razor or knife
blade and is to consist of a rectangular groove or notch having dimensions within the limits indicated in the
left-hand part of the illustration in Figure 43.1. The notch is to be centrally located on one of the surfaces of
the specimen that measure 1.5 inches by 0.5 inch or 38 mm by 13 mm. The condition of the edges of the

notch is to be

as specified in ASTM D 1693.

43.4 Each of the three specimens is to be bent, with the notch to the outside of the bend, and is to be

placed in the
is to be plac
consisting of
the GAF Cor

material) is t¢ be added to the test tube to completely immerse the specimens, ‘The test

closed byan
bath or air o
specimens ar
to be examin|
there are no ¢
repeated on

any of the thr

rass specimen holder as illustrated in Figure 43.1. The holder with the threeisp
d in a hard-glass test tube that is 200 mm long and 32 mm in diameter. |Cr|
ull-strength Igepal CO-630 (Antarox CO-630) made by the Dyestuff and ‘Chemig
poration, 140 West 51 Street, New York, NY 10020 or its equivalent (CO-630 i

bnreactive means such as a foil-covered cork and is then to be kept for 48 h in a

e to be removed from the cracking agent, cooled to room témperature in still air,
ed for cracks as detailed in ASTM D 1693. The non-conductive PE jacket is
racks in any of the three specimens. If any of the firstthree specimens crack, th
pbach of the three remaining specimens. The jackét'is not acceptable if there g
pe additional specimens.

Figure 43.1

Test assembly for environimental cracking of PE jacket

ecimens in it
acking agent
al Division of
s the referee
ube is to be
n oil or water

en operating at a temperature of 50.0 +1.0°C (122.0 £1.8°F)v/At the end of this time, the

and are then
acceptable if
b test is to be
re cracks on

FOIL-COVERED CORK
— l@e— 5/8 INCH
OR 16mm
3/8 INCH —CN
OR 10mm SN a
~C —
COVER wm}
1 REAGENT 1/2
67 INCHES INCH OR 13mm '\::j
ABOVE TOP
1 OR 165mm OF SPECIMENS \»«W\
3/16 INCH OR Smm I
1.5+0.1 [\\-0.750£0.005 INCH LONG Lot D/IA HOLES ON
g\‘scrg?s Of x0.020-0.025 INCH DEEP 19/32 INCH OR 15mm
.5mn) OR CENTERS
‘ 19.0+0.1mm LONG (10 HOLES)
xU.0U=-U.6Oomm UEEF
12520. 37/64 INCH _!_—KE
I?\ICﬁSO(F)i 005 \ OR/15mm U
3.0£0.1mm ™~ \_
— [=— 0.50+0.03
INCH OR 13.0£0.5mm
32mm X 200mm
TEST SPECIMEN 0.081 INCH OR 2.06mm HARD GLASS ——=
HARD OR HALF-HARD BRASS TEST TUBE U
SPECIMEN HOLDER U
SC1161A

TEST ASSEMBLY
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44 Volume Resistivity of Conductive Conductor Shielding

441 Finished extruded, tape, or extrusion-over-tape conductor shielding taken as a unit shall have a
volume resistivity that does not exceed 100,000 ohm-centimeters at the rated temperature of the insulation
when tested as described in ASTM D 257 with the modifications noted in 44.2 — 44.4. This is indicated in
13.3.

44.2 The insulation is to be removed from four 10-inch or 250-mm sample lengths of the finished circuit
conductor(s) taken from the completed cable, or four 10-inch or 250-mm sample lengths are to be taken of
the conductor shielding on the conductor before the insulation is applied. In either case, the conductor
shielding is to be cut through to the conductor on opposite sides (180° apart) of the conductor and the

conductor isﬁmmmmm@mmmmmmnmmmmmqe. Two such
re not damaged are to be prepared as specimens by applying conductive-paint

lengths that electrodes to

each as des
inches or 50
mm outside

volume resis

44.3 The p
temperature

ribed in Section 6.1.3 of ASTM D 257. On each specimen, two potential electrg
Imm apart are to be applied and either a current electrode is to be applied)at leas
bach of the potential electrodes, or the current electrodes may be eliminated if
ivity is less than 90,000 ohm-centimeters for each of the two specifens.

ower in the test circuit is not to exceed 100 mW. The test”is to be made
of the insulation with either alternating- or direct-current yoltage. The volume 1

des at least 2
5t 1 inch or 25
he measured

at the rated
esistivity is to

be calculateq from whichever of the following formulas applies:

R(D -d)

If the dimensions are in inches, \P'= 7

0.039R(D* - d")
I

If the dimensions are in millimeters, P =

in which:

P is the volume resistivity in ohm=centimeters,
Ris tI
Dist

dis th

e measured resistance in ohms,
e diameter over.the conductor shielding in inches or millimeters,
e diametér-over the conductor in inches or millimeters, and

L is the distance between potential electrodes in inches or millimeters.

44.4 The conductor shielding is acceptable if, for either of the two specimens, the volume resistivity is not
over 100,000 ohm-centimeters. If this limit is exceeded for either specimen, the test is to be repeated on
each of the two remaining specimens. The conductor shielding is not acceptable if this limit is exceeded
for either of the two additional specimens.

45 Relative Permittivity and Dielectric Withstand Stress of Extruded Nonconducting Conductor
Stress Control

45.1 The extruded nonconducting stress control material shall have a relative permittivity €, of not less
than 8 at room temperature nor more than 200 at the rated temperature of the EP insulation, and shall
have a dielectric withstand stress, in volts per mil or kV per millimeter at any temperature up to the rated
temperature of the EP insulation, of not less than 1500 divided by the €, value for the test temperature
used. The tests are to be made as described in 45.2 and 45.4.
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452 Three specimens shall be prepared and each shall be an 18-inch or 45.7-mm length of conductor
over which 0.015 — 0.030 inch or 0.038 — 0.076 mm or nonconducting stress control material has been
extruded. The control 12-inch or 30.5 mm length of each specimen shall be shielded using a conductive-
paint electrode applied to the surface of the stress control material. The measurements of capacitance for
determining €, are to be made by means of a capacitance bridge and a 60 Hz potential after the sample
has been held at the test temperature for at least 15 minutes.

45.3 ¢, the relative permittivity of the nonconducting stress control material is to be determined for each
test temperature by means of the formula
— DIA
€ = 0.0136 < C' x logwﬁ
in which:
C is tHe capacitance in picofarads of the 12-inch shielded length of specimen
DIA is|the measured diameter over the stress control layer in inches or millimeters, ang/
dia is the measured diameter over the conductor in inches or milliméters
45.4 Follow|ng the capacitance measurement of 45.2 and while the specimen is held at the test
temperature, |a 48 — 62 Hz potential shall be applied betweencthe conductor and the grolinded shield
(conductive-plaint electrode). The initially applied rms potential'shall be anywhere in the rangg of near zero
to 100 volts and shall be increased with a rate of rise not greater than 100 volts per second yntil dielectric

failure occurs

455 The di
means of the

in which:

Vis th

blectric stress, in volts per mil or k\/(per millimeter, at time of failure shall be
formula

S =2V/ (DIA - dia) x 1000 volts per mil

or

S=E2V/ (DIA - dia) = 0.039 kV per millimeter

e rms potential at time of dielectric failure, in volts

calculated by

DIA is the measured diameter over the stress control layer in inches or millimeters, and

dia is the measured diameter over the conductor in inches or millimeters

45.6 The nonconducting conductor stress control material is acceptable if the values of €, determined
from 45.3 are in the range of 8 to 200, and the values of S determined from 45.5 exceed the value of 1500
divided by €, for the test temperature used.

46 Volume

46.1

Resistivity of Insulation Shielding

The finished conductive nonmetallic covering portion of any insulation shielding (extruded, tape, or

coating-plus-tape covering) taken as a unit shall have a volume resistivity that does not exceed 50,000
ohm-centimeters at the rated temperature of the insulation when tested as described in ASTM D 257 with
the modifications noted in 46.2 — 46.4. This is indicated in 17.3.
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46.2 Any covering over the insulation shielding is to be removed from four 10-inch or 250-mm sample
lengths of the finished circuit conductor(s) taken from the finished cable, or four 10-inch or 250-mm sample
lengths are to be taken of the conductive nonmetallic covering on the insulated conductor(s) before any
covering is applied over the conductive nonmetallic covering. Two such lengths that are not damaged are
to be prepared as specimens by applying conductive-paint electrodes to each as described in Section
6.1.3 of ASTM D 257. On each specimen, two potential electrodes at least 2 inches or 50 mm apart are to
be applied and either:

a) A current electrode is to be applied at least 1 inch or 25 mm outside each of the potential
electrodes, or

b) The current electrodes may be eliminated if the measured volume resistivity is less than 45,000
ohm-¢entimeters for each of the two specimens.

46.3 The power in the test circuit is not to exceed 100 mW. The test is to be)made| at the rated
temperature |of the insulation with either alternating- or direct-current voltage. The volume resistivity is to
be calculated from whichever of the following formulas applies.

QR(DS)
L

If the dimensions are in inches, P =

0.079R(D* - d")
I

If the dimensions are in millimeters, P =

in which:

P is the volume resistivity in ohm-centimeters,

Ris tIe measured resistance in ohms
D is the diameter over the insulation shielding in inches or millimeters,
d is the diameter over the insulation in inches or millimeters, and

L is the distance between potential electrodes in inches or millimeters.

46.4 The cpnductiveqnonmetallic covering portion of the insulation shielding is acceptable [if, for each of
the two spegmens, the‘volume resistivity is not over 50,000 ohm-centimeters. If this limit is|exceeded for
either specimen, the test is to be repeated on each of the two remaining specimens. The insulation
shielding is not acceptable if this limit is exceeded for either of the two additional specimens.

47 Specific Surface Resistivity of Nonshielded Single-Conductor Cable

47.1 Finished nonshielded single-conductor cable shall have a specific surface resistivity of 200,000
megohms or more when three specimens are prepared and tested as described in ASTM D 257 with the
modifications noted in 47.2 and 47.3.

47.2 Sample 24-inches or 610-mm or longer lengths of finished nonshielded single-conductor cable
insulated as indicated in column A, B, or C of are to be immersed, except at their ends, in tap water at
room temperature for 48 h. At the end of this time, the samples are to be removed from the water and the
excess moisture is to be blotted off (not wiped). Each sample is to be cut into specimens that are 12 inches
or 305 mm long without damaging the surface of the cable. Six specimens are to be prepared. Three of
these undamaged specimens are then to be kept in still air at room temperature for 10 min. Two foil
electrodes as described in Section 6.1.6 of ASTM D 257 or two conductive-paint electrodes as described
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in Section 6.1.3 of ASTM D 257 are to be applied to each of the three specimens. The electrodes are to be
applied around the cable circumference with a distance of 6 inches or 152 mm between the electrodes.
Each electrode is to be 1 inch or 25 mm wide. A direct-current potential of 250 — 500 V is to be applied
between the two electrodes, and the resistance is to be measured as described in ASTM D 257. The
specific surface resistivity is to be calculated from the resistance by means of whichever of the following
formulas applies:

If the dimensions are in inches, P=0.524 x R x D

If the dimensions are in millimeters, 2= 0.0206 x R x D

in which:
P is the specific surface resistivity in megohms,
R is the measured surface resistance in megohms for a 6-inch or 152-mim spading between

electrgdes, and

D is the measured diameter of the finished cable in inches or millimeters.

47.3 The cable is acceptable if, for each of the three specimens, the specific surface resisti
200,000 megphms. If this value is not reached for any of the threg‘specimens, the test is to be
each of the three remaining specimens. The cable is not accéptable if, for any of the thr

ity is at least
repeated on
be additional

specimens, tk

48 Alternat
Conductor

481 The E
insulated in th
specimens of]
in ASTM D 2
described in 4

48.2 DUSTH
conductor taK
mm long and
electrodes. E

e specific surface resistivity is less than 200,000ymegohms.

ve Tests for Resistance to Tracking of‘Nonshielded Dry-Locations 2400 V
able Insulated with EPCV or XLPE

PCV or XLPE insulation of nonshielded dry-locations 2400 V single-conductor
e thicknesses indicated in column A of Table 15.3 shall not show evidence of t
the insulation from the finished cable are tested either by the dust-and-fog meth

8.5 — 48.8.

AND-FOG METHOD - For the ASTM dust-and-fog method, six specimens of
en from the_finished cable are to be prepared. Each specimen is to be 5-1/2 i
is to have/seven electrodes applied to it with a distance of 3/4 inch or 19 mm
bch electrode is to consist of one or more turns of a solid round 12 AWG metal-c

Single-

cable that is
acking when
od described

132 with the modifications noted in 48.2 — 48.4, or by the ammonium chlorid¢ dip method

the insulated
nches or 140
between the
bated copper

wire wrapped
insulation at

around the insulated conductor. The metal-coated copper is to be firmly in ¢

4

arll points around the circumference of the insulation. Each electrode is to be tight enough to

tact with the

remain in place on the Insulation but Is not 10 damage the Insulation.

48.3 One specimen with the electrodes in place is to be placed in a horizontal position in the test
chamber with the longitudinal axis of the specimen perpendicular to the axis of the spray. The end
electrodes, each alternate electrode, and the conductor are to be earth-grounded. The top side of the
specimen is to be dusted as specified for the full length of the specimen between the end electrodes, and
then the dust is to be removed from bands approximately 1/32 inch or 0.8 mm wide on both sides of each
of the three ungrounded electrodes.

48.4 After the break-in period, the 48 — 62 Hz rms potential applied to the three ungrounded electrodes
of the specimen is to be raised to 1500 V with a current of 4 — 10 mA being maintained until the circuit
breaker trips at the 2-A setting because of tracking (not because of erosion or excessive moisture or circuit
malfunction). The insulation is acceptable if there is no visual evidence of tracking on the specimen. If
there is evidence of tracking on the first specimen, the test is to be repeated on each of three additional
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specimens. If the three specimens are tested simultaneously, the specimens are to be placed in the test
chamber so that they are equidistant from the nozzle. The insulation is not acceptable if there is visual
evidence of tracking on any of the three additional specimens.

48.5 DIP METHOD - For the ammonium chloride dip method, ten or more specimens are to be tested.
Each specimen is to be a strip that is of any convenient width, has a length of approximately 2 inches or 50
mm, and has a thickness of at least 0.060 inch or 1.5 mm. The strips are to be taken from the outside of
the insulation and are to be tested with the natural curve of the insulation. The conductor and the
conductor shielding are to be removed. The specimens are to be cleaned with an organic solvent, then
washed with soap and water to remove traces of the solvent, rinsed with ethyl alcohol, and finally air dried.
The surface of the specimens that was the outside of the insulation is not to be touched by the hands or
anything else that can damage or contaminate the EPCV or XLPE. The holder for a specimen and
electrode is [to be made of a battery clip and an alligator clip arranged as shown in Fig*re 48.1. The
electrode is to be a straight length of oxidation-resistant wire such as nickel/chromium resistance wire and
is to be 0.04 inch or 1 mm in diameter. As shown in the illustration, the electrode-is tp contact the
longitudinal genter line of the specimen at a 45° angle on the surface of the specimien that was the outside
surface of the insulation. There is to be at least 1-1/2 inches or 38 mm of specimen length between the
contact point|of the electrode and the free end of the specimen.

Figure 48.1

Holder for ammonium chloride dipymethod

% -

Sy84e

48.6 A 48 162 Hz rms potential of 1000 V or less is to be applied between the electrode and an 0.1
percent solution of the American Chemical Society (ACS) reagent grade of ammonium chloride (NH,CI) in
distilled water in an open-top beaker or other glass container with 0.02 percent of Triton X-100 or an
equivalent nonionic wetting agent added. The solution is to be earth-grounded through a carbon rod
immersed in the solution. The apparatus is to dip each specimen vertically into the solution with the free
end of the specimen entering the solution first and the action reversed as the electrode becomes
immersed about 1/16 inch or 1-1/2 mm below the surface of the solution and then reversed again as the
specimen is withdrawn to 1 inch or 25 mm of its length measured from the electrode to the surface of the
solution. This procedure of immersion to the electrode and withdrawal to 1 inch or 25 mm is to be
continuous at the rate of 15 s for each cycle of immersion and withdrawal.

48.7 Tracking occurs when the current in the circuit does not return to zero as the specimen is withdrawn
to 1 inch or 25 mm of its length. If this does not occur at the initial voltage, the potential is to be increased
slowly or in steps (steps of 200 V are convenient) until, ultimately, 2000 V is applied to the specimen with
or without the tracking current but without a visible arc. If a visible arc appears at any point in the
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procedure, the potential is to be decreased until there is no visible arc as the specimen is withdrawn. The
potential is then to be raised again until 2000 V is reached with or without the tracking current but without a
visible arc. The foregoing constitutes break-in of a specimen and is to be achieved in 10 or fewer cycles.

48.8 After break-in, the immersion and withdrawal procedure is to continue at 2000 V for a total of 50
cycles (including the 10 or fewer cycles of break-in), or fewer cycles if arcing is visible between the
electrode and the solution across the full 1-inch or 25-mm length of the insulation. The insulation is not
acceptable if, during the 50-cycle testing of each of any five consecutive specimens, visible arcing occurs
through two or more successive cycles on any specimen at 2000 V or a lower potential. The insulation also
is not acceptable if, during the 50-cycle testing of each of ten consecutive specimens, any two specimens
have visible arcing for less than two successive cycles at 2000 V or a lower potential.

49 U-Bend Pischarge Test of Nonshielded Single-Conductor Cable

49.1 Finished nonshielded single-conductor cable shall not break down electrically'and shgll not crack,
erode, or track on its outside surface when two or four specimens are prepared and tested ag described in
49.2 and 49.3.

49.2 Sample lengths of the finished nonshielded single-conductor cable,_each at least 5 ft{or 1525 mm
long, are to b tested. Four sample lengths are to be prepared for a dry=lecations cable, and jeight sample
lengths are ti be prepared for a dry-or-wet-locations cable. For a €able that is insulated ag indicated in
column A or B of Table 15.3 (cable for dry locations), two of these\lengths are to be tested L;I;conditioned.
For a cable that is insulated as indicated in column C of Table.15.3 (cable for dry or wet locations), two of
these lengthg are to be immersed for 14 d, except for theiryends, in tap water that is majntained at a
temperature ¢f 75.0 £1.0°C (167.0 £1.8°F). At the end of this time, the two lengths are to be removed from
the water and given 24 h to dry in still air that is at roem*temperature. These two immersion-conditioned
lengths and tyvo additional unconditioned lengths (twe‘unconditioned lengths and no additiongl conditioned
lengths in the case of a dry-locations cable) are then each to be bent at their midpoints for 180° around a
mandrel of the diameter indicated in Table 49.4. The sides (legs) of each U are to be straight and parallel
to one anothqr.

Multiplying factor for‘determining Egrllzggl.biameter for U-bend discharge test
Diameter of mandrel as a multiple of the calcylated outside
Size of«conductor diameter of the cable
8< 2 AWG 6
1-3/0 8
410 AWG - 500 kemil 10
550 — 1000 12

& The insulation thickness used in calculating the diameter is to be the specified average insulation thickness where an average is
specified and is to be the specified minimum thickness at any point of the insulation where an average thickness is not specified.

49.3 Each of the U-bend specimens is to be supported separately with its bend down and the legs of the
U extending upward in a vertical plane. The center of each bend is to rest on a flat, horizontal metal plate
that is earth grounded. A 48 — 62 Hz essentially sinusoidal rms test potential of the magnitude indicated in
Table 49.2 is to be applied between the conductor in each specimen and the metal plate. In each case, the
voltage is to be applied for the number of hours indicated in Table 49.2. The cable is acceptable if, for
either of the two dry-locations specimens or for any of the four dry-or-wet-locations specimens, there is no
electrical breakdown and there is no visible cracking, erosion, or tracking of the outside surface. A change
in color or glossiness or other appearance is not cause for rejection. If any of the first two or four
specimens break down or show cracking, erosion, or tracking, the test is to be repeated on each of the two
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or four remaining specimens. The cable is not acceptable if any of the two or four additional specimens
break down or show cracking, erosion, or tracking.

Table 49.2
Test voltage and time for U-bend discharge test
Test potential in kilovolts
Specimens
Unconditioned conditioned
Cable specimens in water Test period in hours

Dry-locations 2400 V cable insulated as indicated in 13 none 6
column A or B pf-fabte45-3
Wet-or-dry-locgtions 2400 V cable insulated as 20 15 100
indicated in cojJumn C of Table 15.3

50 Copper

50.1 The c

comply with all of the following requirements. This is indicated in 28.19.

a)As
depos
coppé

b)A g

50.2 The s
Society (ACY
or other che
cupric sulph
slightly highg
that might be

Sulphate Test of Zinc Coating on Steel Strip for and from Steel-Armor

bating of zinc on steel strip for and from steel armor shall enable specimens

pecimen of the zinc-coated steel strip tested before ferming shall not show a br
it of copper on any surface, including edges, after/two 60-s immersions in
r sulphate.

pecimen of the partially uncoiled steel armorifrom finished cable:

1) Shall not show a bright, adherent deposit of copper after one 60-s immersio
of copper sulphate, and

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

blution of copper sulphate is to be made from distilled water and the Ameri
) reagent grade of eupric sulphate (CuSQ,). In a copper container or in a glass,
mically nonreactive/container in which a bright piece of copper is present, a q
hte is to be dissolved in hot distilled water to obtain a solution that has a s
r than 1.186:after the solution is cooled to a temperature of 18.3°C (65.0°F).
presentis-to be neutralized by the addition of approximately 1 gram of cupric o

bf the strip to

ght, adherent
a solution of

h in a solution

ercent of any
ition.

tan Chemical
polyethylene,
uantity of the
becific gravity
Any free acid
xide (CuQ) or

1 gram of cupric hydroxide [Cu(OH),] per liter of solution. The solution is to be diluted with digtilled water to
obtain a spetific gravity of exactly 1.186 at a temperature of 18.3°C (65.0°F). The solution|is then to be
filtered.

50.3 At one end of a sample length of finished cable that has armor formed of zinc-coated steel strip, the
armor is to be unwound from the outside to expose the edges and the inner surface of the formed strip,
and also to facilitate working cheesecloth between the turns onto the inner surface to dry that surface
during the test. To reduce the damage to the zinc coating, the strip is not to be straightened as it is
unwound but is to remain in the helical form with a diameter that is not larger than about three times the
cable diameter. Three 6-inch or 150-mm (axial measurement) specimens are to be cut from the partially
uncoiled armor. Additionally, three straight 6-inch or 150-mm specimens are to be cut from a sample
length of the zinc-coated steel strip before forming.

50.4 With prudent attention to the risks to health and to the risk of fire, the six specimens are to be
cleaned with an organic solvent. Each specimen is to be examined for evidence of damage to the zinc
coating, and only specimens that are not damaged are to be selected for use in the test. One specimen of
the unformed strip and one specimen of the armor are to be tested.
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50.5 The two selected specimens are to be rinsed in water, and all of their surfaces are to be dried with
clean cheesecloth. As much of the water as possible is to be removed in the drying operation because
water slows the reaction between the zinc and the solution, thereby adversely affecting the test results.
The surface of the zinc is to be dry and clean before a specimen is immersed in the solution of copper
sulphate. The specimens are not to be touched by the hands or anything else that can contaminate or
damage the surfaces.

50.6 A glass, polyethylene, or other chemically nonreactive beaker having a diameter approximately
equal to twice the diameter measured over the specimen of partially uncoiled armor is to be filled with the
solution of copper sulphate to a depth of not less than 3 inches or 76 mm. The temperature of the solution
is to be maintained at 18.3 +1.1°C (65.0 £2.0°F).

the center of [the beaker with at least half of its axial length immersed. The specimens to remain in the

50.7 One olthe selected specimens is to be immersed in the solution and is to be suppor‘ed on end in
s, during which time it is not to be moved nor is the solution to be stirred.

solution for 6

50.8 Atthe
running tap v
condition and
uncoiled arm
strip) until an
cheesecloth.
this process.
touch the sur
considering €
1/2 inch or 13

bnd of the 60 s period, the specimen is to be removed from the beaker, rinsed in
ater, rubbed with clean cheesecloth (a clean soft-bristle test-tube or bottle b
of applicable size may be used to rub the interior surfaces of the specime
br, but cheesecloth is to be used on the other surfaces of this specimen and on
y loosely adhering deposits of copper are removed,and is then to be drig

nmediately in
rush in good
n of partially
he unformed
d with clean

The turns of the specimen of partially uncoiled armér are not to be separated farther during

Again, the hands and other damaging and contaminating objects and substang
faces that were immersed. The part of the specinien that was immersed is to k
ach edge and broad surface separately and-disregarding the portion of the spsg
mm of its immersed end.

50.9 If the

art of the specimen that was immersed has any deposit of bright, firmly adh

outside the 1/2-inch or 13-mm end portion, an-estimate is to be made and recorded of the g
each edge and broad surface that is covered with copper.

50.10 Regardless of whether the first dip results in a bright, adherent deposit of copper, th

washing, rub
the same sp
discarded.

50.11 The rq

50.12 Neith
showing outs

ing, drying, examining,-estimating, and recording operations are to be repeate|

bmaining specimen is to be subjected to the 2-dip procedure described in 50.7 —

er thenarmor nor the unformed strip is acceptable if there is any bright, adh
de the 1/2-inch or 13-mm end portion of the immersed part of the specimen of u

es are not to
e examined,
cimen within

lering copper
ercentage of

e immersion,
d once using

bcimen and beakervof solution. After the second dip, the solution in the beaker is to be

50.10.

erent copper
hformed strip

after the first or second dip. Even if the unformed strip is acceptable, the armor is not acceptable if the
specimen of partially uncoiled armor shows any bright, adherent copper after the first dip or more than 25
percent coverage after the second dip. If, after any dip there is adherent copper that is dull or dark rather
than being bright and shiny, contamination is to be considered to be present. In each such instance, the
results are to be disregarded and the test is to be repeated on a new specimen.

51 Weight of Zinc Coating on Steel Strip for Steel Armor

51.1 The amount of zinc per unit area, including edges, that coats steel strip intended for use in steel
armor shall be 0.35 oz/ft? or more or shall be 0.11 kg/m? or more when one specimen of the unformed,
zinc-coated steel strip is tested as described in 51.2 — 51.8. This is indicated in 28.16.
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51.2 Three 3-inch or 75-mm straight lengths of the unformed zinc-coated steel strip are to be prepared.
Each specimen is to be undamaged and is to be cleaned with an organic solvent, rinsed in ethyl alcohol,
and dried by exposure to still air at room temperature. One specimen is to be selected for use in the test.

51.3 The stripping solution for this test is to be prepared by mixing 500 mL of the American Chemical
Society (ACS) reagent grade of HCI having a specific gravity of 1.19 with 500 mL of distilled water and
giving the resulting solution time to cool to room temperature.

51.4 A clean, zinc-coated specimen whose weight is 125 g or less is to be weighed W, to the nearest
0.01 g. A clean, zinc-coated specimen whose weight is over 125 g is to be weighed W, to the nearest
0.1 g. After being weighed for W,, the specimen is to be immersed alone in the stripping solution to a
depth that cq i i in i i i i ogen ceases
(see caveat |in 51.5) and only a few bubbles are being evolved (approximately 15 — 30..). The same
stripping solution may be used for successive specimens until the time required for stripping|the zinc from
the steel begomes inconveniently long. The temperature of the stripping solution is not gt any time to
exceed 100°F (38°C). After being stripped, the specimen is to be scrubbed underrunning water, dipped in
hot water, and wiped or blown dry. The dry, clean, stripped specimen then is to be,weighed W, to the same
accuracy as |n the weighing for W;.

51.5 DANGQER - Hydrogen is an extremely flammable gas that is lighter than air and forms explosive
mixtures witH air.

Use fprced ventilation.
Keep|heat, sparks, open flame, and non-explosion-proof electrical equipment away.
Do nqt smoke.

Do nqt inhale the gas.

51.6 The total surface area A of the specimen, including edges, that was coated with |zinc is to be
determined tp the nearest 0.01 inch? or.to-the nearest 5 mm?. Alternatively, the average thickness G of the
stripped spec¢imen is to be determined.to the nearest 0.001 in or 0.025 mm.

51.7 If the purface area is known, the weight of zinc coating is to be calculated for the specimen using
whichever of|the following fdrmulas applies:

(Wl - W"\) X 508
C= 2
A

If A 1s 1n square inches,

(W, = W-) x 2280
A

IT A 18 1n square millimeters, C' =

in which:

C is the weight of zinc coating in ounces per square foot of coated surface or in grams per square
meter of coated surface;

W, is the weight of the clean, coated specimen in grams;
W is the weight of the dry, clean, stripped specimen in grams; and

A is the coated surface area of the specimen in square inches or in square millimeters.
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51.8 If only the thickness is known, the weight of the zinc coating may be calculated using whichever of
the following formulas applies:

oo (W =) <G =38
m

If G 1s 1n inches,

oo (W= W) x Gx 00129

If G 15 1n millimeters,
: 7,

in which:

Cis th
meter

e weight of zinc coating in ounces per square foot of coated surface or in grani
of coated surface;

S per square

W, is weight of the clean, coated specimen in grams;

W, is the weight of the dry, clean, stripped specimen in grams; and

G is the thickness of the stripped specimen in inches or millimeters:

51.9 The zi h shows that

there is less Z

nc-coated steel strip is not acceptable if the calculation’ for the single specime
inc on the steel than 0.35 oz/ft? or 0.11 kg/m?.

52 Tension|Test of Interlocked Armor

52.1 Interlo¢ked armor shall be capable of withstanding for 5 min, without opening up at any point, an
axial tension imparted by a weight that exerts 150 Ibfor 667 N or 68 kgf.
52.2 The apparatus is to consist of a pair ef-clamps or other means (such as basket gripg) that do not

able, a weight that exerts 150tbf or 667 N or 68 kgf, and a secure means for suspending the

support. See Figure 52.1

damage the @
weight from a
52.3 The clamps are to be made. of hardwood, and the two pieces comprising each clammp are to be
ben the jaws

fastened toge
without being
to be equipp
differential pu

52.4 Three

ther by two bolts by means of which the armor is to be clamped tightly betw!
crushed. Two clamps constructed as shown in Figure 52.2 are to be provided.
ed with a.Secure means for attachment to one of the clamps. A block ang
ley is to-be used to lift the sample, clamps, and weight.

'he weight is
tackle or a

bd cable from

samples are to be tested. In each case, one end of a sample length of the finishg
ket‘aover the armor. (Qpp 29 1) has bheen remaoved is to bhe fastened in the clam

which any jac s so that its
ends project 2 inches or 50 mm beyond the edges of each clamp, thereby providing a sample 36 inches or
914 mm long between the clamps, which are then to be tightened to keep the sample from slipping.

52.5 The sample is to be suspended by the upper clamp with a loop of rope passing over the hook of a
block and tackle or a differential pulley hung from a secure support, and the weight is to be attached to the
lower clamp. The sample is to hang vertically for its full length and at right angles to the faces of the
clamps. The sample, clamps, and weight are then to be raised gently so that it takes at least 45 s to apply
the tension to the sample (a rate of not more than 200 Ibf/min or 890 N/min or 91 kgf/min) until the weight
just clears the floor and hangs free in the air. The weight is to be kept from rotating by hand. The weight is
to be supported by the sample for 5 min, is then to be let down to the floor, and the weight and clamps are
to be removed. Observation is then to be made to determine whether or not the edges of adjacent
convolutions of the armor have separated to expose the interior of the cable. The cable is not acceptable
if, for any of the three samples, there is exposure of the cable interior.
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Figure 52.1

Apparatus for tension test
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Figure 52.2

Clamp for tension test
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53 Flexibility Test for Cable Having Interlocked Armor or a Smooth or Corrugated Metal Sheath

53.1 Finishgd cable in which there is inteflocked armor or a smooth or corrugated metal sheath shall be
capable of bging wound around a circular mandrel having a diameter equal to 14 times fthe diameter
measured over the metal armorvor-sheath without damage to the armor or sheath, to the jacket or
separator (sep 25.1) under the armor or sheath, or to the conductor or conductor assembly.

53.2 The agparatus is to'consist either of a stepped cone as shown in Figure 53.1 (each sfep is to be a
right-circular ¢ylinder about 2 inches or 50 mm high) or of rods or cylinders of applicable diaméter.

cable having jarmor or a smooth metal sheath and from six test lengths of finished cable having a welded
and corrugated metal sheath. One test length of a cable having armor or a smooth metal sheath and three
test lengths of a cable having a welded and corrugated metal sheath are then to be wound around the
mandrel for 180° without any more tension than is necessary to keep the armor or sheath in contact with
the mandrel throughout the turn. Each length is to be tested separately. In the case of a welded and
corrugated metal sheath, one sample is to be bent with the weld line located at the inner edge of the bend,
a second sample is to be bent with the weld line at the outer edge of the bend, and a third sample is to be
bent with the weld line midway between the inner and outer edges of the bend. While a sample is in
position on the mandrel, observation is to be made to determine whether or not the jacket or separator
under the armor or sheath and the conductor or conductor assembly are damaged, and the armor or
sheath is to be examined for damage. Cable having a smooth or corrugated sheath is acceptable if there
are no weld openings, cracks, splits, tears, or other openings in a smooth or corrugated metal sheath.
Adjacent convolutions of interlocked armor may separate somewhat but cable having interlocked armor is
acceptable if no part of the cable inside the armor or metal sheath is visible. If any of these faults occur on
the initial specimen or specimens, the test is to be repeated on the remaining one or three specimens. The
cable is not acceptable if anv of these faults occur on anv of the additional specimens.

53.3 Any jagket over the armor or sheath (see 29.1) is to be removed from two test Iengt\:rs of finished



https://ulnorm.com/api/?name=UL 1072 2024.pdf

OCTOBER 2, 2024 UL 1072 83

Figure 53.1
Stepped cone for flexibility test
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54 Tightness of Armor or Metal Sheath

54.1 Any interlocked armor or smoothlor corrugated metal sheath in a cable shall grip the underlying
construction |to keep it from being withdrawn from a 10-ft or 3-m sample of the finished|cable by the
application of a weight that exertsia pull of 30 Ibf or 133 N or 13.6 kgf.

54.2 The apparatus is to consist of a 10 ft or 3 m length of pipe with an inside diameter that enables the
cable sample to be pulled'through the pipe, pipe caps with holes slightly larger in diameter than the inside
diameter of the armorior-metal sheath to be tested, and a weight that exerts a pull of 30 I4f or 133 N or
13.6 kgf. The pipe is.to be used to keep a test sample approximately straight, and is to be qupported in a
vertical posifion.with the pipe cap attached to the lower end. The pipe cap is to be used to provide a
shoulder agdinstwhich the armor or metal sheath of the sample can rest. The edges of the hole are to be
rounded.

54.3 Two samples of the finished cable are to be cut to a length of 10-1/2 ft or 3150 mm and the armor or
metal sheath is to be removed for 6 inches or 150 mm at one end of each sample. The ends of the armor
or metal sheath are to be cut square and all burrs of metal are to be removed. One sample is then to be
drawn into the pipe with the exposed 6 inch or 150 mm section of the conductor(s) projecting through the
hole in the cap at the lower end of the pipe. The weight is to be attached to the conductor or assembly of
conductors projecting through the hole, with the conductor or assembly not rubbing on the sides of the
hole in the cap. The pipe in its vertical position is to be raised gently so that the weight just clears the floor
and then hangs free for 60 s (see Figure 54.1). The cable is acceptable if the end(s) of the conductor(s) do
not recede into the armor or metal sheath at the upper end a distance greater than 1/2 inch or 13 mm. If
the conductor(s) of the first sample recede more than 1/2 inch or 13 mm, the test is to be repeated with the
remaining sample. The cable is not acceptable if the conductor(s) of the additional sample recede more
than 1/2 inch or 13 mm.
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