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Summary of Topics

This revision to ANSI/UL 1650 dated March 6, 2019 includes adding a reference to UL 44 in

paragraph 6.

1.1.

The revised requirements are substantially in accordance with Proposal(s) on this subject dated

November 9,

2018.
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INTRODUCT
1 Scope

1.1 General

ION

1.1.1 This Standard specifies the requirements for Portable Power Cables for use in accordance with the

National Elec

trical Code, NFPA 70.

1.1.2 Any references to UL 2556, refer to the Standard for Wire and Cable Test Methods, UL 2556.

2 Units of Measurement

2.1 The valups stated without parentheses are the requirements. Values in parentheses, af

a%e information.

or approxim

3 Undated F

3.1 Any undated reference to a code or standard appearing in the requirements of this star]

interpreted a
4 Glossary

4.1 For the
4.2 GROUN
grounding cir
to be de-ene

4.3 PORTA

44 XL-A
cross-linked

CONSTRUC]
5 General
5.1 Portable

conductors W
stranded cop

feferences

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

urpose of this standard the following definitionsiapply:
D-CHECK CONDUCTOR — A conductor uséd in cables to monitor the continy
cuit, so that a discontinuity or “open” in the grounding circuit causes the powe)
gized.

BLE POWER CABLE — Cable used to supply power to mobile equipment and

hermoset compound whoéé-characteristic constituent is cross-linked polyethyl
bolyvinyl chloride (XLPVC), cross-linked ethylene vinyl acetate (XLEVA), or ble

[ION

power, cables consist of either a single insulated conductor or two or more ing

berconductors in a size range of 12 AWG to 500 kemil (3.31 — 253 mm?), exd

b explanatory

dard shall be

ity of the
r conductors

machinery.

ene (XLPE),
nds thereof.

sulated circuit

ith orwithout grounding conductors with an overall reinforced jacket. They employ flexible

ept for single

conductor Ty

pe-Witatemptoys flexibte strandedctopperconductors i sizes 12 AWG o 10

0 kemil (3.31

— 507 mm?). This cable is rated 2000 V, 75°C (167°F) or 90°C (194°F) dry, and 60°C (140°F) or 75°C
(167°F) where exposed to oil. For cable so marked, ratings of 60°C (140°F), 75°C (167°F), or 90°C
(194°F) "wet” are also assigned. The term “wet” indicates that the cable is acceptable for immersion in
water. Wet rated cable that has been additionally investigated for use where exposed to the direct rays of
the sun is marked ”“Sunlight Resistant” or “Sun Res.”
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5.2 Portable power cables shall consist of the following circuit, grounding and ground-check conductors:

a) Type G — Contains two to six circuit conductors and a grounding conductor. The grounding
conductor is either bare or covered with a green-colored braid or tape or extruded layer, and

may

either be a single conductor or be sectioned into two or more parts.

b) Type G-GC — Same as Type G except that the cable also contains one 12 AWG (3.31 mm?)
or larger, yellow insulated conductor which is used as a ground check.

c) Type W — Contains one to six circuit conductors and may or may not contain a grounding
conductor in cables with three or more conductors. If included, the grounding conductor is fully
insulated and colored green.

d T
cond

insul

6 Conducto

6.1 General

6.1.1 The cincuit conductors shall be annealed, stranded copper;-bare, or tin-coated in acq
the Standard

pe PPE — Contains one to six circuit conductors and may or may not contain
ictor in cables with three or more conductors. If included, the grounding,'‘cond
ated and colored green.

'S

for Thermoset-Insulated Wires and Cables, UL 44) in sizes 12 AWG to 1000

6.2 Coated ¢opper conductors

6.2.1 Each t|n-coated conductor shall comply with the requirements of the Standard Sp
Tin-Coated Soft or Annealed Copper Wire for Electrical Purposes, ASTM B33.

6.2.2 A tin cgating is appropriate for use on.individual wires (strands) or selected wires, suc

layer of wires

of a stranded conductor. The_tih coating shall comply with 6.2.1.

6.3 Uncoated copper conductors

6.3.1 Each
Specification

vire in an uncoated’ copper conductor shall comply with the requirements
for Soft or Annealed Copper Wire, ASTM B3.

a grounding
Yictor is fully

ordance with

cmil.

bcification for

n as the outer

of Standard
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7 Conductor Assembly

7.1 General

7.1.1 Conductors shall be of an assembly indicated in Table 7.1.

Table 7.1
Conductor Assembly

Conductor size range Assembly

AWG or kemil (mm?)

12 — 1000 (3.31 — 507) Concentric rope lay and rope lay

12 -9 (3.31 — 6.63) Combination unilay

12 -3 (3.31-26.7) Concentric, compressed, bunche!

)

7.2 Strands

7.2.1 Coppe
conductors 1
26.7 mm?) ci
contain a mi
strands.

7.3 Length and direction of lay

7.3.1 Every
with the follo

a) R
stran
unidi

b) F

formed into rope-stranded.components that are then cabled into the final conductor

of lay
outsi

c) Fq
indivi
direc
mem

o
:Limum of 133 strands; and 3/0 — 1000 kemil (85 — 507 fm?2) shall contain a

strands smaller than 36 AWG (0.0127 mm?) shall not be used. Circuit a
D — 9 AWG (3.31 — 6.63 mm?) shall contain a minimum of 19.strands; 8 — 3
uit conductors shall contain a minimum of 49 strands; 2 AWG — 2/0 (33.6 — 67

stranded conductor or a bunch-stranded .copductor twisted as a single bunch,
ving:

bpe-lay conductors in a 12 AWG <1000 kemil (3.31 — 507 mm?) conductor wi
Hed or concentric-stranded members shall be either unidirectional or reversed
ectional lays and the outer layer of reversed lays shall be in the left-hand dire

br a bunch-stranded member of a rope-lay-stranded conductor in which the me

of the individual'members within each component shall not be more than 30
e diameter of one of those members.

r a concéntric-stranded member of a rope-lay-stranded conductor, the length
dual strands in a member shall be 8 — 16 times the outside diameter of the m
ion.of\lay of the strands in each member shall be reversed in successive laye
ber.

hd grounding
AWG (8.37 —
.4 mm?) shall
minimum 259

shall comply

h bunch-
All
ction.

tmbers are
, the length
fimes the

of lay of the
ember. The
rs of the

d) The length of lay of the strands in both layers of a 19-wire combination round-wire unilay-
stranded copper conductor shall be 8 — 16 times the outside diameter of the completed
conductor. Otherwise, the length of lay of the strands in every layer of a concentric-lay-stranded
conductor consisting of fewer than 37 strands shall be 8 — 16 times the outside diameter of the
conductor.

e) The length of lay of the strands in the outer two layers of a concentric-lay-stranded
conductor consisting of 37 or more strands shall be 8 — 16 times the outside diameter of the
conductor.
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f) The length of lay of the outer layer of a rope-lay-stranded conductor shall be 8 — 16 times the
outside diameter of that layer.

7.3.2 For bunch-stranded conductors, simple bunching (untwisted strands) shall not be used. The length
of lay of the strands in a bunch-stranded conductor twisted as a single bunch shall not be greater than
indicated in Table 7.2. The direction of lay of the strands in a bunch-stranded conductor shall be left-hand.

Table 7.2
Length of Lay of Strands in a Bunch-Stranded Conductor Twisted as a Single Bunch?

Size of conductor

Maximum acceptable length of lay

AWG (mm?) inches (mm)
2.08 (14) 1.75 (44)
3.31 (12) 2.00 (51)
5.26 (10) 2.50 (64)
8.37 (8) 2.75 (709
13.3 (6) 3.38((86)

Larger than 13.3 (6)

16 times the conductor diameten]

7.4 Grounding conductor

7.41 The gr
more equal
conductors. T

bunding conductor where used, may be a single condtictor or may be sectiongd into two or
arts. The grounding conductor for Types W and £PE shall be the same size
he grounding conductor for Types G and G-GC:shall be sized in accordance w|th Tables 7.3

as the circuit

— 7.6. If stanglard AWG sizes are not used for the groundinig-conductor, the grounding condfictor shall be

at least 60 p
grounding co

Table 7.3
Grounding conductors for Type G, round construction

prcent of the size of the largest circuit copductor. The total circular mil area df a sectioned
hductor shall be equal to or greater than that of the corresponding size of a single conductor.

2 conductor 3 \conductor 4 conductor 5 conductor g conductor
Circuit condugtor | Size of sectioned |- Size of sectioned | Size of sectioned Size of central Sige of central
size, AWG (mm?) grounding grounding grounding grounding 'Frounding

or kemil conductors, AWG | conductors, AWG | conductors, AWG | conductor, AWG conductor, AWG

(mm?) (mm?) (mm?) (mm?) (mm?)

12 (3.31) 14 (2.08) 14 (2.08) 14 (2.08) 12 (3.31) 12 (3.31)
10 (5.26) 12.(8.31) 12 (3.31) 12 (3.31) 10 (5.26) 10 (5.26)

8 (8.37) 10 (5.26) 10 (5.26) 12 (3.31) 8 (8.37) 8 (8.37)

6 (13.3) 10 (5.26) 10 (5.26) 12 (3.31) 7 (10.6) 7 (10.6)

4 (21.2) 8 (8.37) 8 (8.37) 10 (5.26) 6 (13.3) 6 (13.3)

3 (26.7) B (133) 8837 10(5:26) 5(1678) 5(16.8)

2 (33.6) 6 (13.3) 8 (8.37) 9 (6.63) 4 (21.2) 4 (21.2)

1 (42.4) 5(16.8) 7 (10.6) 8 (8.37) 3 (26.7) 3 (26.7)
1/0 (53.5) 4 (21.2) 6 (13.3) 7 (10.6) 2 (33.6) 2 (33.6)
2/0 (67.4) 3 (26.7) 5 (16.8) 6 (13.3) 1 (42.4) 1 (42.4)
3/0 (85.0) 2 (33.6) 4 (21.2) 5 (16.8) 1/0 (53.5) 1/0 (53.5)
4/0 (107.2) 1 (42.4) 3 (26.7) 4 (21.2) 2/0 (67.4) 2/0 (67.4)
250 (127) 1/0 (53.5) 2 (33.6) 3 (26.7) 3/0 (85.0) 3/0 (85.0)
300 (152) 1/0 (53.5) 1 (42.4) 3 (26.7) 4/0 (107.2) 4/0 (107.2)
350 (177) 2/0 (67.4) 1 (42.4) 2 (33.6) 250 (127) 250 (127)
400 (203) 3/0 (85.0) 1/0 (53.5) 1 (42.4) 250 (127) 250 (127)

Table 7.3 Continued on Next Page
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Table 7.3 Continued

Grounding conductors for Type G, flat construction

2 conductor 3 conductor 4 conductor 5 conductor 6 conductor

Circuit conductor | Size of sectioned | Size of sectioned | Size of sectioned Size of central Size of central
size, AWG (mm?) grounding grounding grounding grounding grounding

or kemil conductors, AWG | conductors, AWG | conductors, AWG | conductor, AWG conductor, AWG

(mm?) (mm?) (mm?) (mm?) (mm?)
450 (228) 3/0 (85.0) 1/0 (53.5) 1 (42.4) 300 (152) 300 (152)
500 (253) 4/0 (107.2) 1/0 (53.5) 1/0 (53.5) 300 (152) 300 (152)
Table 7.4

2 conductor

3 conductor

Grounding conductors for Type-G-GC, 3 conductor, round construction

Circuit condugtor size, Size of grounding Minimum number of Size of each of 2 Mihimym number of
AWG or kpmil conductor, AWG strands per conductor grounding strands |per conductor
conductors, AWG
8 (8.37] 9 (6.63) 49 9 (6.63) 49
6 (13.3 8 (8.37) 49 8 (8.37) 49
4 (21.2 7 (10.6) 49 8 (8.37) 49
3 (26.7] 6 (13.3) 133 7.(10.6) 49
2 (33.9 5 (16.8) 133 6 (13.3) 133
1(42.4) 4 (21.2) 133 5 (16.8) 133
1/0 (53.p) 3 (26.7) 133 4(21.2) 133
2/0 (67.4) 2 (33.6) 259 3 (26.7) 133
3/0 (85.D) 1(42.4) 259 2 (33.6) 259
4/0 (107f2) 1/0 (53.5) 259 1(42.4) 259
Table 7.5

Circuit condugtor size, Size of each of 2 Minimum number of Size of ground-check Minimym number of
AWG or kpmil grounding strands per conductor conductor, AWG strands |per conductor
conductors, AWG (mm?)
(mm?)
12 (3.31) 12((331) 19 12 (3.31) 19
10 (5.26¢) 10)(5.26) 19 12 (3.31) 19
8 (8.37] 10 (5.26) 19 10 (5.26) 19
6 (13.3 10 (5.26) 19 10 (5.26) 19
4 (21.2 8 (8.37) 49 10 (5.26) 19
3 (26.7] 8 (8.37) 49 10 (5.26) 19
2 (33.9 7 (10.6) 49 10 (5.26) 19
1 (42.4) 6 (13.3) 133 8 (8.37) 49
1/0 (53.5) 5 (16.8) 133 8 (8.37) 49
2/0 (67.4) 4 (21.2) 133 8 (8.37) 49
3/0 (85.0) 3 (26.7) 259 8 (8.37) 49
4/0 (107.2) 2 (33.6) 259 8 (8.37) 49
250 (127) 2 (33.6) 259 8 (8.37) 49
300 (152) 1 (42.4) 259 8 (8.37) 49
350 (177) 1/0 (53.5) 259 8 (8.37) 49
400 (203) 1/0 (53.5) 259 8 (8.37) 49
450 (228) 2/0 (67.4) 259 8 (8.37) 49
500 (253) 2/0 (67.4) 259 8 (8.37) 49
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Table 7.6
Grounding conductors for Type G-GC, 3 conductor, flat construction
Circuit conductor size, Size of grounding Minimum number of | Size of ground-check | Minimum number of
AWG or kcmil conductor, AWG strands per conductor conductor strands per conductor
8 (8.37) 10 (5.26) 19 10 (5.26) 19
6 (13.3) 8 (8.37) 49 8 (8.37) 49
4 (21.2) 7 (10.6) 49 8 (8.37) 49
3 (26.7) 7 (10.6) 49 8 (8.37) 49
2 (33.6) 6 (13.3) 133 8 (8.37) 49
1 (42.4) 5 (16.8) 133 8 (8.37) 49
1/0 (53.F) 7 (21.2) 133 8 (8.37) 49
2/0 (67.4) 3 (26.7) 133 8 (8.37) 49
3/0 (85.p) 2 (33.6) 259 8 (8.37) 49
4/0 (107/2) 1 (42.4) 259 8 (8.37) 49
7.4.2 The extruded, green-colored insulation on a single grounding conductorType W or PIPE shall have

the same thid
When used,

material as the circuit conductors and shall not be less than 30 mils. A'green-colored braig

be employed

7.4.3 For a ground-check conductor, one 12 AWG (3.31 mm?) or larger yellow insulated

conductor sh
material as tH
and 12 AWG
conductor sh
minimum nur

7.5 Insulatig

7.5.1 The ing
elastomer (T

kness and shall comply with the applicable requirements for.the circuit conduc
he insulation on a sectioned grounding conductor in Type G or G-GC shall bg

on the grounding conductor in types G or G-GC.

all be provided in Type G-GC only. The insulation shall be polypropylene on
e circuit conductors and shall not be less thian 30 mils min average for 10 AW
(3.31 mm?), and not less than 45 mils for.8' AWG (8.37 mm?) and larger. The
all have a minimum of 49 strands. [fia larger sized ground-check conductof
hber of strands shall not be less thar-that specified for a power conductor of th

n

ulation shall be XL or EP sfor types G, G-GC, and W. Type PPE shall employ
PE). Thicknesses shall be in accordance with Table 7.7.

Table 7.7
Insulation thickness

for insulation.
2 of the same
or tape may

ground check
of the same
5 (5.26 mm?)
hround-check
is used, the
€ same size.

thermoplastic

Size of circuif conductor] AWG (mm?2) | Minimum average thickness, inches Minimum thickness af any point,
(mm) inches (mnj)
12 42 (3,31 — 33.6) 0.060 (1.52) 0.054 (1.37
1 - 4/0(@24—1072) 070802-03) 0072(1-83
250 — 500 kemil (127 — 253) 0.095 (2.41) 0.086 (2.18)
501 — 1000 (304 — 507) 0.110 (2.79) 0.099 (2.50)
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7.6 Covering

7.6.1 An optional nonmetallic braid, tape or wrap may be employed as a covering. The covering shall not
be green, except for grounding conductors.

7.7 Overall assembly

7.7.1 For multi-conductor Type W and PPE constructions, a two, three, or four-conductor, flat cable is
acceptable. For Type G, two and three conductor constructions are acceptable. For Type G-GC flat cable,
a 3-conductor construction is acceptable. If the conductors are twisted, the length of lay of twisted
conductors shall be ten (10) times the diameter of the cabled core. Fillers shall be used, when required,
to ensure that the cable is round. The conductor assembly may be enclosed in a nonmetallic braid, tape
or wrap. The[direction of Tay shall be Teft hand.

Table 7.8
Maximum length of lay

Number of circuit conductors Length of lay of conductors
2 20 times diameterofvindividual circuit cgnductor
3 21 times diameter of individual circuit cgnductor
4 23 times diameter of individual circuit cdnductor
5 27 timegs diameter of individual circuit cdnductor
6 30 times diameter of individual circuit cdnductor

7.8 Jacket

7.8.1 The jagket material shall be neoprene, NBR/PVE, CPE, or CP for types G, G-GC, and W; or TPE
for Type PPE. The jacket shall be applied in one-or two layers. If applied in two layers, the outer layer
shall constitufe at least 50 percent of the total thickness of the overall jacket.

7.8.2 The jagket shall be reinforced by a‘tape, two servings, or braid of a natural or synthetic material. If
two servings |are used, they shall be applied in opposite directions of lay. The reinforcing layer shall be
under a single layer jacket, or between-the layers of a two-layered construction. The total jagket thickness
shall be in agcordance with Tabley7.9.
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Table 7.9
Thickness of jacket

Circuit Single 2-Conductor 3-Conductor 4-Conductor 5-Conductor 6-Conductor
conductor conductor
size, A;NG MAT, | MAAP, | MAT, | MAAP, | MAT, | MAAP, | MAT, | MAAP,| MAT, | MAAP, | MAT, | MAAP,
(mm?) inches | inches | inches | inches | inches | inches | inches | inches | inches | inches | inches | inches
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
12 (3.31) 0.075 | 0.060 | 0.075 | 0.060 | 0.075 | 0.060 | 0.075 | 0.060 | 0.075 | 0.060 | 0.075 | 0.060
(1.91) | (1.52) | (1.91) | (1.52) | (1.91) | (1.52) | (1.91) | (1.52) | (1.91) | (1.52) | (1.91) | (1.52)
10 (5.26) 0.075 | 0.060 | 0.075 | 0.060 | 0.075 | 0.060 | 0.075 | 0.060 | 0.075 | 0.060 | 0.075 | 0.060
(1.91) | 1.52) | 1.91) | 1.52) | (1.91) | (1.52) | (1.91) | (1.52) | (1.91) | (1.52) | (1.91) | (1.52)
8 (8.37) 0075 | 0060 | 0100 | 0087 | 0141 0113 | 0141 0113 | 01425 | 0100 125 | 0.100
(1.91) | 1.52) | (2.77) | (2.20) | (3.58) | (2.87) | ((3.58) | (2.87) | (3.18) | (2.54) (}\(B.18) | (2.54)
6 (13.3) 0.095 | 0.076 | 0.109 | 0.087 | 0.141 0.113 | 0.141 0.113 | 0.140 | 0.142 .140 | 0.112
(2.41) | (1.93) | (2.77) | (2.20) | (3.58) | (2.87) | (3.58) | (2.87) | (3.56) | (2:84) 3.56) | (2.84)
4 (21.2) 0.095 | 0.076 | 0.109 | 0.087 | 0.125 | 0.100 | 0.125 | 0.100 | 0.155, (™0.124 155 | 0.124
(2.41) | (1.93) | (2.77) | (2.20) | (3.18) | (2.54) | (3.18) | (2.54) | (3.94) ) (3.15) | (3.94) | (3.15)
3 (26.7) 0.095 | 0.076 | 0.109 | 0.087 | 0.125 | 0.100 | 0.125 | 0.100 | 0155 | 0.124 155 | 0.124
(2.41) | (1.93) | (2.77) | (2.20) | (3.18) | (2.54) | (3.18) | (2.54) 4. (3.94) | (3.15) | (B.94) | (3.15)
2 (33.6) 0.095 | 0.076 | 0.141 0.113 | 0.141 0.113 | 0.125 | 0.100.p 0.170 | 0.136 170 | 0.136
(2.41) | (1.93) | (38.58) | (2.87) | (3.58) | (2.87) | (3.18) | (264) | (4.32) | (3.45) | (4.32) | (3.45)
1 (42.4) 0.095 | 0.076 | 0.156 | 0.125 | 0.141 0.113 | 0.141 0.113 | 0.205 | 0.164 .205 | 0.164
(2.41) | (1.93) | (3.96) | (3.18) | (3.58) | (2.87) | (3.58) | (2.87) | (5.20) | (4.17) 65.20) | (4.17)
1/0 (53.5) 0.095 | 0.076 | 0.156 | 0.125 | 0.156 | 0.125 | 0.186 | 0.125 | 0.205 | 0.164 .205 | 0.164
(2.41) | (1.93) | (3.96) | (3.18) | (3.96) | (3.18) | (396) | (3.18) | (5.20) | (4.17) 5.20) | (4.17)
2/0 (67.4) 0.095 | 0.076 | 0.156 | 0.125 | 0.156 | 0.125 |0.156 | 0.125 | 0.205 | 0.164 .205 | 0.164
(2.41) | (1.93) | (3.96) | (3.18) | (3.96) | (3A4A8) | (3.96) | (3.18) | (5.20) | (4.17) | (p.20) | (4.17)
3/0 (85.0) 0.095 | 0.076 | 0.156 | 0.125 | 0.156 |,0s25 | 0.156 | 0.125 | 0.205 | 0.164 220 | 0.176
(2.41) | (1.93) | (3.96) | (3.18) | (3.96)~1(3.18) | (3.96) | (3.18) | (5.20) | (4.17) | (6.59) | (4.47)
4/0 (107.2) 0.095 | 0.076 | 0.172 | 0.138 | 0.1¥2”| 0.138 | 0.156 | 0.125 | 0.220 | 0.176 .220 | 0.176
(2.41) | (1.93) | (4.37) | (3.50) | 44.37) | (3.50) | (3.96) | (3.18) | (5.59) | (4.47) 6.59) | (4.47)
250 (127) 0.095 | 0.076 | 0.155 | 0.124, |~0.240 | 0.192 | 0.270 | 0.216 - - - -
(2.41) | (1.93) | (3.94) | (3.15)~| (6.10) | (4.88) | (6.86) | (5.49)
300 (152) 0.095 | 0.076 | 0.155 |(0.124 | 0.240 | 0.192 | 0.270 | 0.216 - - - -
(2.41) | (1.93) | (3.94).| (3.15) | (6.10) | (4.88) | (6.86) | (5.49)
350 (177) 0.095 | 0.076 | 0470.| 0.136 | 0.240 | 0.192 | 0.270 | 0.216 - - - -
(2.41) | (1.93) | ((#32) | (3.45) | (6.10) | (4.88) | (6.86) | (5.49)
400 (203) 0.095 | 0.076%J0.200 | 0.160 | 0.270 | 0.216 | 0.310 | 0.248 - - - -
(2.41) | (1.98).°] (5.08) | (4.06) | (6.86) | (5.49) | (7.87) | (6.30)
450 (228) 0.095 [€0:076 | 0.200 | 0.160 | 0.270 | 0.216 | 0.310 | 0.248 - - - -
(2.41)(] X1.938) | (5.08) | (4.06) | (6.86) | (5.49) | (7.87) | (6.30)
500 (253) 0.095" 0.076 | 0.200 | 0.160 | 0.270 | 0.216 | 0.310 | 0.248 - - - -
(241) | (1.93) | (5.08) | (4.06) | (6.86) | (5.49) | (7.87) | (6.30)
600 — 1000 &440—10-088 - -
(304 - 507) (2.79) | (2.23)

MAT — Minimum average thickness
MAAP — Minimum thickness at any point
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TEST PROGRAM

8 Performance and Test Requirements

8.1 General

8.1.1 Construction requirements and the test program are summarized in Table 8.1. The test methods are

indicated below.

Table 8.1
Portable power cable

Type
G G-GC [ w PPE
Temperature rgtings, °C (°F) dry 75, 90 (167, 194)
Temperature rgtings, °C (°F) oil 60 or 75 (140, 167)
Temperature rdtings, °C (°F) wet, 60, 75, or 90 (140, 167, 194)
optional
Voltage rating, V 2000
Size of conducfors, AWG (mm?) 12 AWG - 500 12 AWG - 500 12-AWG - 1000 14 AWG - 500
kemil (3.31 —253) | kemil (3.31 — 253) [ kcmil (3.31 — 507) | kenil (3.31 — 253)
Number of circyit conductors 2-6 3 1 (12 AWG - 1000 1-6
kemil)
2-6 (12 AWG —
500 kcmil)
Grounding condluctor, Clause 7.4 7.4 Optional 7.4 (for Opttional 7.4 (for
three or more tree or more
conductors only) comductors only)
Ground check ¢onductor, Clause 7.4.3
Conductor:
Material, Clausg 6.2.1,6.2.2
Stranding, Clayse 72,73
Insulation, CIaLIse 7.51
Insulation class]; Table 1, 2,.0r 3; 8.2 1,2,0r3 1,2,0r3; 82 4; 8.2
5 (for GC only); 8.2
Thickness, Tabje 7.7
Jacket, Clause 7.8.1
Jacket class; Thble A, B; 8.3 C
Thickness, Table 7.9
Tests, Clause:
Physical propefties
Insulation 8.2.1
Jackets 822
Copper corrosion 8.3
Cold bend 8.4
Jacket resistance 8.5
Horizontal flame test — FT2 8.6
Vertical flame test — FT1 optional 8.7
Flame resistance of electrical cables — 8.8
FT5 optional
Dielectric strength for all finished types 8.9
Insulation resistance 8.10
Durability of ink printing 8.11

Table 8.1 Continued on Next Page
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Table 8.1 Continued

Type

G-GC

PPE

Heat-shock resistance

8.16

Deformation — Type PPE only

8.17

Additional tests for wet rated

Capacitance and relative permittivity

8.12

Long term insulation resistance in water

8.13

Additional tests for sunlight resistance

sunlight resistant

Weather resistance — cables marked

8.14

Swelling and bl
jackets — Typeq
sunlight resistap

=3

stering of thermoset
W, G, G-GC marked

8.15

8.15

8.15

8.2 Physica

8.2.1 Insulat

8.2.1.1 The
accelerated 3
determined i

properties

on

physical properties of the various classes of insulatiotr when tested befg
ging, shall comply with the applicable requirements given in Table 8.2. Complignce shall be

re and after

accordance with the test, Physical Properties (ultimate elongation and tensilg¢ strength), in

UL 2556.
Table 8.2
Physical properties of insulation
EP XL TPE Pplypropylene
(ground check
ohly)

75 or 90°C (167 | 75°C (167°F) 90°C (194°F) [ 75 or 90°C (167 | |90°C (194°F)

or 1949F) rated rated rated or 194°F) rated rated

Class 1 2 3 4 5
Condition Test
Before aging Elongation, 250 percent 150 percent 150 percent 200 percent 3P0 percent
minimum

Tensile strength,
minimuni,Abf/in2
(MPa)

700 (4.8 MPa )

1500 (10.3 MPa)

1500 (10.3 MPa)

800 (5.5 MPa)

3p00 (20.6 MPa)

Tensile stress at
100 percent

| 'elonqation

2500

minimum, Ibf/in2

After air oven
accelerated

aging

121 £1°C (250
+1.8°F) for 7
days

113 +1°C (235
+1.8°F) for 7
days

121 £1°C (250
+1.8°F) for 7
days

121 £1°C (250
+1.8°F) for 7
days

121 £1°C (250
+1.8°F) for 7
days

Tensile strength,

75 percent of

70 percent of

70 percent of

75 percent of

75 percent of

minimum unaged value unaged value unaged value unaged value unaged value
Elongation, 75 percent of 70 percent of 70 percent of 75 percent of 75 percent of
minimum unaged value unaged value unaged value unaged value unaged value
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8.2.2 Jackets

8.2.2.1 The physical properties of the various classes of jackets when tested before and after accelerated
aging, shall comply with the applicable requirements given in Table 8.3. Compliance shall be determined
in accordance with the test, Physical Properties (ultimate elongation and tensile strength), in UL 2556
conducted on die-cut samples.

Table 8.3

Physical properties of jackets

Material and properties

Neoprene, CP,

CPE, NBR/PVC

TPE

75°C (167°F) 90°C (194°F) 75,gr 90°C (167 or
194°F)
Class A B C
Condition Test
Before agin Elongation Minimum 200 percent 200 percent 200 percent
Tensile strength Minimum 1200 Ibf/in%(8.3 1200 Ibt/in?(8.3 1400 Ibf/in?(8.3
MPa) MPa) MPa)
Air-oven test Temperature 100 £1°C (212 140 £1°C (230 121 £1°C (250
+1.8°F) +1.8°F) +1.8°F)
Time 10 days 10 days 7 days
After accelerated | Minimum percent of Elongation 50 50 75
aging results obtained on | Tensile strength 5Q 50 75
unaged specimens
Oil 60°C (140FF) Temperature 121°C (250°F) 60°C (140°F)
Time 18 hours 7 days
Minimum percent of Elongation 60 50 75
results obtained on [ Tensile strengtfi 60 50 75
unaged specimens
Oil 75°C (167FF) 60 days N/A
75°C (167°F)
Minimum percent of Eloengation 65 65
results obtained on [ “Tehsile strength 65 65
unaged specimens
8.3 Copper forrosion
8.3.1 A bare|(uncoated) ‘copper insulated conductor shall show no evidence of corrosion when tested in

accordance \]:

the duration

ith the test, Copper Corrosion, in UL 2556, and when performed at the tempe
nder-air oven test described in Table 8.3.

ature and for
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8.4 Cold bend

8.4.1 The insulation and jacket shall show no cracks when a specimen of the finished cable is conditioned
at the temperature specified in Table 8.4 for 4 hours and, while still at the specified temperature, wound
the required number of turns around the mandrel having a diameter as specified in Table 8.5. Compliance
shall be determined in accordance with the test, Cold Bend, in UL 2556.

Table 8.4
Temperature for cold bend test

Type of cable Test temperature
Any cable marked minus 40°C (minus 40°F) minus 40°C (minus 40°F)
Any cable marked minus 50°C (minus 58°F) minus 50°C (minus 58°F)
Any cpble marked minus 60°C (minus 76°F) minus 60°C (minus 76°F)
Any cpable marked minus 70°C (minus 94°F) minus 70°C (minus(94°F)
Any calple not marked with a temperature rating minus 20°C (minus 4°F)
Table 8.5

Mandrel diameter for cold bend test

Minor diamieter of flat cable or overall diameter of round | Diameter of mandrel, inches (mm) | Numhier of turns
finished cable, inches (mm) arounpd mandrel
(se¢ Note 1)
0.376 — 0.500 (9.53 — 12.70) 1.00 (25.4) 6
0.501 — 0.625 (12.71 — 15.88) 1.25 (31.8) 6
0.626 — 0.750 (15.89 — 19.05) 1.50 (38.0) 1
0.751 — 0.874 (19.06 — 22.22) 1.75 (44.5) 1
0.875 — 1.00 (22.23 — 25.40) 2.00 (50.8) 1
1.01 - 1.13 (25.41 — 28.58) 2.25 (57.1) 1
1.14 — 1.25 (28.59 — 31.75) 2.50 (63.5) 1
1.26 — 1.38 (31.76 — 34.92) 2.75 (69.9) 1
1.39 — 1.50 (34.93 - 38.10) 3.00 (76.2) 1
1.51 — 1.63 (38.11 — 41.28) 3.25 (82.6) 1
1.64 — 1.75 (41.29 —44.45) 3.50 (88.9) 1
1.76 — 1.88 (44.46°47.62) 3.75 (95.2) 1
1.89 — 2.00 (47.63 — 50.8) 4.00 (101.6) 1
Larger than, 2.00 (50.8) 2 X cable diameter 1
Note: The specimen shall-be wound six close turns around the mandrel.
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8.5 Jacket resistance

8.5.1 A nonintegral jacket shall exhibit 100 Mohm or more resistance when a specimen of the finished
cable is tested in accordance with the test, Jacket resistance, in UL 2556.

8.6 Horizontal flame test — FT2
8.6.1 The length of the charred portion of the specimen of the finished cable shall not exceed 3.9 inches

(100 mm), nor shall flaming particles ignite cotton. Compliance shall be determined when tested in
accordance with the test, FT2/FH/Horizontal Flame, in UL 2556. In parallel constructions, the major

diameter shall be in the vertical plane for testing.

8.7 Vertical

8.7.1 Finishe
second appli
FT1 in UL 25
extended po
burner.

lame test — FI1
d cables shall not convey flame, continue to burn for more than 60 seconds

56. A specimen shall be considered to have conveyed flame if meréthan 25 j
tion of the indicator is burned. In parallel construction, the major’ diameter s

8.8 Flame ré¢sistance of electrical cables

8.8.1 Finishdg
7.407. Upon
of the burned

d cables shall be tested in accordance with the¢Code of Federal Regulatior]
completion of the test, the duration of burning shall'not exceed 240 seconds, g
(charred) area shall not exceed 6 inches.

8.9 Dielectric strength for all finished types

8.9.1 The figished individual insulated conducters of a multi-conductor cable and com

conductor ca
alternating (1
accordance |

8.9.2 For all
Voltage-With

bles shall be capable of withstanding for 1 minute, without breakdown, the apg
ms) voltage as indicated in(Table 8.6 between each insulated conductor
yith the test Dielectric Voltage-Withstand Method 1 in UL 2556.

cables, the dielectria.strength test shall be performed in accordance with the t
stand Method 1, imUL 2556.

after five 15

ations of a standard test flame. Compliance shall be determined in accordancg with the test

ercent of the
hall face the

s, 30 CFR §
nd the length

pleted single
lication of an
and water in

bst, Dielectric
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Table 8.6
Dielectric strength test voltage on finished types

Size of circuit conductor, AWG (mm?) Test voltage, V AC
12 - 10 (3.31 — 5.26) 3000
8 — 2 (8.37 — 33.6) 4000
1-4/0 (44.2 - 107) 5000
250 — 500 (127 — 253) 6000
550 — 1000 (279 — 507) 7000

8.10 Insulation resistance

8.10.1 Insulg
8.10.1.1 Bef
and groundin
than calculat
at 15°C (59°f

8.10.1.2 If tg

Where:

IR = Insulat
K5 = Constq
For EP and
For TPE, K5

TCF = Temp

D = Diamete

tion resistance for all sunlight resistant cables
bre assembly into a sunlight resistant cable, finished individual insulated“eond

b, ground-check conductor) shall be capable of exhibiting an insulationyresistan
bd in accordance with 8.10.1.2, when a specimen of at least 50 ft(15 m) is tqg

sted at temperatures different than 15°C (59°F), the values shall be corrected

on resistance in GQ-m at agy-temperature T°C

) immediately following the dielectric strength test described in 8:9.

Ry = Kis x (TFC) (" x1og,, 2

nt for the insulation material at 15°C in GQ-m
L, K15 = 3050 GQ'm
=610 GQ;m

prature correction factor coefficient for 1°C for the material (see Annex E in Ul

Lictors (circuit
ice of not less

sted in water

to 15°C.

2556)

F over the insulation ‘/:my unife/)

d = Diameter

IR+ = Insulati

K5 = Consta

under the insulation (units identical to D)

or

on resistance in MQ-1000 ft at any temperature T°C

nt for the insulation material at 15°C in MQ-1000 ft

For EP and XL, K5 = 10,000 MQ-1000 ft
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For TPE, K5

= 2000 MQ-1000 ft

TCF = Temperature correction factor coefficient for 1°C for the material (see Annex E in UL 2556)

D = Diameter over the insulation (any units)

d = Diameter

under the insulation (units identical to D)

8.10.2 Insulation resistance for all indoor cables

8.10.2.1 The insulation resistance between each insulated conductor and between the insulated
conductors and any other conductive components and ground shall be not less than 2.5 Mohme1000 ft

(0.76 Gohme
tested in air
described in

8.10.3 Test fnethod

8.10.3.1 Con
Insulation reg

8.11 Durability of ink printing

8.11.1 Surfa
accordance V]
rated temper

8.12 Capaci
8.12.1 The i

individual sin|
75°C or 90°C

a) The relative permittivity determined after immersion for 24 hours shall be 6.0 or

and

b) The capacitanée for TPE, EP, and XL insulations after immersion for 14 days sk

more]

m) at 15°C (59°F) when a specimen of the finished cable at least 50 1t (15.1
bfter conditioning for at least 6 hours and immediately following the dielectric
B.9.

hpliance with all insulation resistance tests shall be determinéd,in accordance
istance, and Annex E (Determination of temperature correctien factor) in UL 2

Ce-printed legends shall be complete and legible "after two samples have b
ith the test, Durability of ink printing, in UL 2556. One sample shall be conditio
hture of the sample for 24 hours.
ance and relative permittivity
nsulation, without the protective~covering, of wet-rated single-conductor cab

ple conductors of multiple-conductor cable immersed in water at the rated te
(167 or 194°F), shall comply with each of the following:

L insulations, andsshall not be more than 10 for TPE insulation.

than 10 percent higher than the capacitance after a 24 hour immersion.

c)

The capacitance determined for EP and XL insulations after a 14 day immersior]
more| than’4 percent higher than the capacitance determined after immersion for 7
and T i i frTsutatiorn.

) in length is
strength test

with the test,
556.

ben tested in
ned at the dry

e and of the

mperature of

less for EP

all be no

shall be no
days for EP

8.12.2 Compliance shall be determined in accordance with the test, Capacitance and relative permittivity,

in UL 2556.
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8.13 Long-term insulation resistance in water
8.13.1 Thermoset insulation

8.13.1.1 The thermoset insulation, without the protective covering, of wet-rated single-conductor cable
and of the individual single circuit conductors of multiple-conductor cable and the grounding conductors
from Type W shall have an insulation resistance at the rated temperature in tap water not less than the
value calculated using the equation below at any time during immersion. The period of immersion shall be
12 weeks or more if the insulation resistance during the last 6 weeks of the period is higher than 10
MQe1000 ft (3 GQem). The period of immersion shall be at least 24 weeks and no more than 36 weeks,
unless requested by the manufacturer, if the insulation resistance is less than 10 MQe1000 ft (3 GQem)
but equals or exceeds the value calculated from the formula below. An AC voltage equal to the voltage
rating of the [vire shall be applied to the insulated conducior at all times other than while_measuring the
insulation registance. These tests are accelerated tests. Composite insulation systems shall| be tested as
a unit.

IRT = K15 X 6.37 X 10-5 X |Og10 (D/d)

Where:
IR+ = Insulation resistance in MQ-1000 ft at any temperature T°C
K5 = Constgnt for the insulation material at 15°C in MQ*1000 ft
For EP and XL, K5 = 10,000 MQ-1000 ft

D = Diametel over the insulation (any units)

d = Diametel| under the insulation (units identical to D)

or

IR+ = Insulation resistance in GQem at any temperature T°C
K5 = Constqnt for the insulation material at 15°C in GQem
For EP and XL, K;5 =3050 GQ-m

D = Diametef overthe insulation (any units)

d = Diameterumderttre imsutation (arits idertical to D)

8.13.1.2 The maximum decrease in insulation resistance per week, as determined from a curve (derived
from the best fit using the method of least squares representing the average of actual values), for every
continuous period of 3 weeks during the latter half of the specified immersion time shall not be more than
4 percent if and while the insulation resistance is 10 MQe1000 ft (3 GQem) or more; and shall not be more
than 2 percent if the insulation resistance is less than 10 MQe1000 ft (3 GQem) but more than the value
calculated. If the results of the test do not meet either of these criteria, the period of immersion may be
extended by one week intervals, subject to the minimum test period established in 8.13.1.1.
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8.13.1.3 Any coil that shows a greater percent decrease in insulation resistance during the extended
immersion period may be tested for additional 1 week immersion periods and judged on the basis of the
results for every continuous period of 3 weeks during the last 6 weeks of immersion, provided that the final
insulation resistance is not less than calculated.

8.13.1.4 Compliance with 8.13.1.1 — 8.13.1.3 shall be determined in accordance with the test, Long-term
insulation resistance (Method 1), in UL 2556.

8.13.2 Thermoplastic elastomer insulation

8.13.2.1 The insulation of wet-rated single-conductor cable and of the individual single circuit conductors
of multiconductor cable and the grounding conductors from Type PPF shall have insulation resistance at
the rated tefnperafure In fap waler not Tess than calculaied as indicated below ai any time during
immersion, irl accordance with the test, Insulation resistance, in UL 2556. The period of.immersion shall
be 12 weeks|or more if the insulation resistance during the last 6 weeks of the peried.is hjgher than 10
MQe1000 ft (B GQem). The period of immersion shall be 24 — 36 weeks if the insulatioh resigtance is less
than 10 MQe[1000 ft (3 GQem), but equals or exceeds the value calculated. AR¥AC voltagg equal to the
voltage rating of the wire shall be applied to the insulation at all times other than whilg reading the
insulation registance.

IRt = Ky5 X 6.63 X 10" X log;, (D/d)

Where:
IR+ = Insulation resistance in MQ-1000 ft at any temperature T°C
K5 = Constgnt for the insulation material at 15°C in\MQ-1000 ft
For TPE, K;4 = 2000 MQ-1000 ft

D = Diametef over the insulation (any units)

d = Diametel| under the insulation (units identical to D)

or

IRt = Insulaton resistance in GQem at any temperature T°C

K5 = Constant forthie insulation material at 15°C in GQem

For TPE, K;5 =6107G&m
D = Diameter over the insulation (any units)

d = Diameter under the insulation (units identical to D)
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8.13.3 Maximum acceptable rate of decrease

8.13.3.1 During the extended immersion, the maximum decrease in insulation resistance per week, as
determined from a curve (drawn to represent the average of actual values), for every continuous period
of 3 weeks during the latter half of the specified immersion time shall be not more than 4 percent if and
while the insulation resistance is 10 MQe1000 ft (3 GQem) or more, and shall be not more than 2 percent
if the insulation resistance is less than 10 MQe1000 ft (3 GQem), but more than the value calculated.

8.13.3.2 Any coil that shows a greater percent decrease in insulation resistance than those indicated in
8.13.3.1 during the extended period of time in the water tank shall be allowed to be tested for additional
one week periods in the water tank and judged on the basis of the results for the last 6 week period in the

water tank, provided that the final insulation resistance is not less than calculated.

8.13.3.3 Corn
insulation res

8.14 Weathe¢

8.14.1 After
(sunlight) res

a) S
show
Durir
mand
cond

b) R
valug
hourg
requi

8.15 Swelling and blistering of thermoset jackets — Types W, G, G-GC marked sunlig

8.15.1 The jacket of a 33 feet~(10' m) length of finished cable shall neither blister nor incre

diameter by 1
water for 2 w
accordance |

npliance with 8.13.2.1 — 8.13.3.2 shall be determined in accordance with the te
istance (Method 1), in UL 2556.

r resistance — cables marked sunlight resistant

conditioning for 720 hours in a xenon arc weatherometer as.described in the
stant, in UL 2556, the outermost layer shall:

how no cracks when wound one complete turn around¢a mandrel having a dia
n in Table 8.5 while at a temperature of minus 30 =1°C (22 +1.8°F) for a perid
g the bending, the conditioned surface shall besepposite the surface contactin
rel. The specimen shall be allowed to rest 16t 96 hours at room temperatur
icting the cold bend test.

btain an average tensile strength and;elongation of not less than 80 percent o
s. Conditioned and unaged sets (five specimens each) shall be allowed to res

red to be die-cut shall not be buffed or skived away.

hore than 20 percent after the specimen of finished cord has been immersed ¢
eeks at 50, £1°C (122 £1.8°F). Compliance shall be determined with the app
vith the test,-Swelling and blistering when immersed in liquid, in UL 2556.

st, Long-term

est, Weather

meter as

d of 1 hour.
g the

b before

the original
t 16 to 96

at room temperature, followed by physical properties testing. Conditioned suffaces

ht resistant

ase the cable
bntinuously in
aratus and in
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