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UL Standard for Safety for Marine Shipboard Cable, UL 1309
Third Edition, Dated April 21, 2017
Summary of Topics

This new edition of ANSI/UL 1309 is being issued to incorporate the following changes in
requirements:

1. Updates to the Standard for Safety for Marine Shipboard Cable, UL 1309 to Coordinate
with the Recommended Practice for Marine Cable for Use on Shipboard and Fixed or
Floating Facilities, IEEE 1580, Revised Table 4.2 and Table 38.1;

2. Definition of Spacing Between Cable Holes, Revised 29.2;
3. Carrection to Test Temperature in 29.3;
4. Clarification of Reference to Test, Revised 5.4.2.1;

5. Clarification to Constructions Subject to Requirement, Revised 14.1.2, 14.113, 14.2.1;
and

6. Updated IEC Standard Number, Revised 40.1(j).

The revised|requirements are substantially in accordanee with Proposal(s) on this gubject dated
September 15, 2016 and March 10, 2017.

All rights regerved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording,|or otherwise
without prior permission of UL.

UL provides this Standard “as is” witheui-warranty of any kind, either expressed or implied,|including but
not limited to| the implied warranties ‘of’merchantability or fitness for any purpose.

In no event |will UL be liable~for any special, incidental, consequential, indirect or similar damages,
including losg of profits, lost’savings, loss of data, or any other damages arising out of the|use of or the
inability to uge this Standard, even if UL or an authorized UL representative has been afvised of the
possibility of puch damage. In no event shall UL’s liability for any damage ever exceed the [price paid for
this Standard, regardless of the form of the claim.

Users of the |electfonic versions of UL’s Standards for Safety agree to defend, indemnify,|and hold UL
harmless frormandagainstany 10ss, expense, tiabitity, damage, ctainT, or judgment (inctudinig reasonable
attorney’s fees) resulting from any error or deviation introduced while purchaser is storing an electronic
Standard on the purchaser's computer system.



https://ulnorm.com/api/?name=UL 1309 2017.pdf

tr2 APRIL 21, 2017 - UL 1309

No Text on This Page



https://ulnorm.com/api/?name=UL 1309 2017.pdf

X S,

APRIL 21, 2017
1 ANSI/UL 1309-2017
UL 1309

Standard for Marine Shipboard Cable

First Edition — July, 1995
Second Edition — April, 2011

Third Edition

April 21, 2017

This ANSI/UL Standard for Safety consists of the Third edition.

—]

he most recent designation of ANSI/UL 1309 as an American National Standar
ANSI) occurred on April 21, 2017. ANSI approval for a standard does not includ
ne Cover Page, Transmittal Pages, and Title Page.

— o~

o

omments or proposals for revisions on any part.ef the Standard may b

0.0

equest in UL’s On-Line Collaborative Standards, Development System (CSDS§
https://csds.ul.com.

X

L’s Standards for Safety are copyrightediby UL. Neither a printed nor electron

opyrights, ownerships, and rights tegarding those Standards shall remain th
ole and exclusive property of Ul

D 0O 0O

COPYRIGHT ©- 2017 UNDERWRITERS LABORATORIES INC.

ubmitted to UL at any time. Proposals should be.submitted via a Proposal

opy of a Standard should be altered ifitany way. All of UL’s Standards and 4

[OlNeX

e

)

D =0



https://ulnorm.com/api/?name=UL 1309 2017.pdf

MARINE SHIPBOARD CABLE - UL 1309 APRIL 21, 2017

No Text on This Page



https://ulnorm.com/api/?name=UL 1309 2017.pdf

APRIL 21, 2017 MARINE SHIPBOARD CABLE - UL 1309 3
CONTENTS

INTRODUCTION

RS T o1 5

2 Units of MeasUrement . ... ... . e 5

B RefOrENCES . . . 5
CONSTRUCTION

4 Copper COoNAUCIONS . ...ttt ittt ettt e e e e e et e e 5

General ... A e 5

CompPoSItioN ... NN 6

Stranding . ... e 6

JOINtS .o e O e 9

.5 Conductor stress control layer (for cables rated above 2 kV) .. ~N0 . ..o f oot 10

5 nsul@tion . ... N 10

General . ... N e 10

2 oSeparator ... e N 11

5.8 Thickness of extruded insulation ............... ., .0 .. .. i 11

Properties of insulation ........... ... ... i ml e 12

6 Insulation Shield ........ ... ... N 16

7 Bindgr or Separator ... ... NN e 16

8 Braidh ... .. B 16

9 Conductor Identification ................ ... Q... e 16

10 o 1 T Y P 17

11 Indiyidually Shielded Components and Overall Shielding ............... .. ... oiin. 17

12 Cablling ..o AN e 17

13 Fillefrs . oo ) e 18

14 Cabje Jackets .. ... . i s e 18

L1 General ... e 18

1412 Integral insulation/jacket . ........... . e 20

143 Jacket thickness e, .« ..o e e 20

15 Metal Wire Armor (Optional) . ...... ... i 21

1 General .. T e 21

152 Aluminumiarmor . ... ... i 23

153 Commercial bronze armor ...t 23

154 COPREr armMOr . ..ottt i 23

16 Corfugated Aluminum Sheath (Optional) ......... ... .o 23

17 Pai Y o i 24

18 Jacket OvVer Ao - - s s s e 24

19 Equipment Grounding CondUCIOrS ... ... oot e 24

20 System GroUNd . .. ...t et e e 25
PERFORMANCE

21 GENEIAl . ot 25

22 Low Temperature Bend Test . ... ... i e 25

23 Low Temperature Impact Test .. ... .. i e e 26

24 Sunlight/Weather Resistance Test . ... e 26

25 Flame TSt . ..o 26

26 Ease of Stripping Test .. ..ot 27


https://ulnorm.com/api/?name=UL 1309 2017.pdf

MARINE SHIPBOARD CABLE - UL 1309

APRIL 21, 2017

27
28
29
30
31
32
33
34
35
36

Salt

Pulli

Hot
Vert

Oil Compatibility Test

Bending Endurance Test
Long-Term Insulation Resistance
Heat Deformation Test
Heat Shock Test of Jacket
Tension Set of Jacket

Water Immersion Test

ng Through Metal Plates Test ........ ... . i

Oil Resistance
ical-Tray Fire and Smoke-Release Test for Cables with “ST1” Marking

MANUFACTURING AND PRODUCTION LINE TESTS

37 Spal'k Test (0 — 2 kV Unshielded Cables)

38 Diel
39 Insu

MARKINGS

40 Cab
41 Cab
41
41
42 Pac

APPENDIX
CABLES?

bctric Withstand Test on Finished Cable (0 — 2.4 kV Cables)
lation Resistance Test on Finished Cable (0 — 2.4 kV Cables)

e Identification
e Type Designation
.1 General
.2 Specific cable types
Kage Markings

A\ — RECOMMENDED PRACTICE FOR.COLOR CODE FOR CONTROL A

ND SIGNAL


https://ulnorm.com/api/?name=UL 1309 2017.pdf

APRIL 21, 2017

MARINE SHIPBOARD CABLE - UL 1309

INTRODUCTION

1 Scope

1.1 This Standard specifies the requirements for distribution (power) cables, and control and signal
cables for installation aboard marine vessels, fixed and floating offshore petroleum facilities, and mobile
offshore drilling units (MODUSs), in accordance with industry installation standards and the regulations of
the authorities having jurisdiction. The cables are single or multi-conductor, with or without metal armor

and/or jacket

, and are rated 300 V — 35 kV.

1.2 These cables are not intended for use in accordance with the National Electrical Code (NEC),
ANSI/NFPA 70. Cables that also meet the requirements for use with the NEC may be additionally marked

with the appr]
2 Units of M

2.1 In additi
requirements
countries en
identical — r¢
calibrated in

3 References

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

interpreted a
CONSTRUCT
4 Copper Cq
4.1 General
4.1.1 All con
alloy coated

resistances §
Cables, and

bpriate ~ Type~ designation from the NEC.

easurement

bn to being stated in the inch/pound units that are customaryn_the USA,
in this standard is also stated in units that make the requirement convenie
ploying the metric system (practical Sl). Equivalent — althiough not neces
sults are to be expected from applying a requirement infUSA or metric term
metric units is to be used when a requirement is applied(n 'metric terms.

5 referring to the latest edition of that code.@r standard.
[ION

bnductors

ductors shall be of soft annealed stranded copper wire. The conductors may
where necessapy~to ensure compatibility with primary insulation. Conduct
hall comply, within” allowable tolerances, with the Reference Standard for Ele
Flexible Cords, UL 1581.

each of the
htly usable in
sarily exactly
5. Equipment

dard shall be

be tinned or

or sizes and
ctrical Wires,
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4.2 Composition

4.2.1 Stranded conductors shall comply with the requirements of the Standard Specification for Soft or
Annealed Copper Wire, ASTM B3; the Standard Specification for Concentric-Lay-Stranded Copper
Conductors, Hard, Medium-Hard, or Soft, ASTM B8; the Standard Specification for Tin-Coated Soft or
Annealed Copper Wire for Electrical Purposes, ASTM B33; the Standard Specification for
Rope-Lay-Stranded Copper Conductors Having Bunch-Stranded Members, for Electrical Conductors,
ASTM B172; the Standard Specification for Rope-Lay-Stranded Copper Conductors Having
Concentric-Stranded Members, for Electrical Conductors, ASTM B173; the Standard Specification for
Bunch-Stranded Copper Conductors for Electrical Conductors, ASTM B174; the Standard Specification for
Lead-Coated and Lead-Alloy-Coated Soft Copper Wire for Electrical Purposes, ASTM B189; the Standard
Specification for Compact Round Concentric-Lay-Stranded Copper Conductors, ASTM B496; or the
Standard SpEcificafion for 19 Wire Combination Unilay-Stranded Copper Cconduciors fof Subsequent
Insulation, A$TM B787; as applicable. Metric sizes complying with Conductors of Insulated Cables, IEC
60228 are adceptable.

4.3 Stranding

4.3.1 Excep} as specified in 4.3.2 — 4.3.5, the conductors shall be«stranded Class B concentric
conductors, 3s specified in the Standard Specification for Concentric-Lay-Stranded Coppet Conductors,
Hard, Mediurp-Hard, or Soft, ASTM B8. See Table 4.1.

Table 4.1
Construction and resistance of standard Class B concentric conductors
Conductor size Class B stranding Maximum dc resistance (¢/km at
20°C)
Area in circulgr | AWG or kcmil Number of Diameter of Conductor Uncoated Alloy coated or
mils wires strand wire diameter tinned
mm (mils) mm (in)

640 22 7 0.240 (9.6) 0.7 (0.0288) 55.4 59.4
1020 20 7 0.310 (12.1) 0.9 (0.0363) 34.6 36.7
1620 18 7 0.386 (15.2) 1.2 (0.0456) 21.8 23.2
2 580 16 7 0.488 (19.2) 1.5 (0.0576) 13.7 14.6
4110 14 7 0.615 (24.2) 1.8 (0.0726) 8.62 8.96
6 530 12 7 0.755 (30.5) 2.3 (0.0915) 5.43 5.64
10 380 10 7 0.987 (38.5) 2.9 (0.116) 3.41 3.55
16 510 8 7 1.234 (48.6) 3.7 (0.146) 2.14 2.23
20 820 7 7 1.384 (54.5) 4.2 (0.164) 1.70 1.77
26 240 6 7 1.554 (61.2) 4.8 (0.184) 1.35 1.40
33 090 5 7 7486878 5:2(0-206) 707 1.1
41740 4 7 1.961 (77.2) 5.9 (0.232) 0.848 0.882
52 620 3 7 2.202 (86.7) 6.6 (0.260) 0.673 0.700
66 360 2 7 2.474 (97.4) 7.4 (0.292) 0.534 0.555
83 690 1 19 1.687 (66.4) 8.4 (0.332) 0.423 0.440
105 600 1/0 19 1.892 (74.5) 9.5 (0.373) 0.335 0.349
133 100 2/0 19 2.126 (83.7) 10.6 (0.419) 0.266 0.277
167 800 3/0 19 2.386 (94.0) 11.9 (0.470) 0.211 0.219
211 600 4/0 19 2.680 (105.5) 13.4 (0.528) 0.167 0.172
250 000 250 37 2.088 (82.2) 14.6 (0.575) 0.142 0.147
300 000 300 37 2.286 (90.0) 16.0 (0.630) 0.118 0.123

Table 4.1 Continued on Next Page
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Table 4.1 Continued

Conductor size Class B stranding Maximum dc resistance (¢/km at
20°C)
Area in circular | AWG or kemil Number of Diameter of Conductor Uncoated Alloy coated or
mils wires strand wire diameter tinned
mm (mils) mm (in)
350 000 350 37 2.471 (97.3) 17.3 (0.681) 0.101 0.105
400 000 400 37 2.642 (104.0) 18.5 (0.728) 0.0885 0.0911
500 000 500 37 2.951 (116.2) 20.7 (0.813) 0.0708 0.0729
600 000 600 61 2.520 (99.2) 22.7 (0.893) 0.0590 0.0614
750 000 750 61 2.81/7 (110.9) 25.3 (0.998) 0.0472 0.0486
1 000 000 1000 61 3.251 (128.0) 29.2 (1.152) 0.0354 0.0364
1250 000 1250 91 2.977 (117.2) 32.7 (1.289) 0.0283 0.0292
1 500 000 1500 91 3.261 (128.4) 37.0 (1.459) 0:0236 0.0243
2 000 000 2000 127 3.187 (125.5) 41.5 (1.632) 00177 0.0182
4.3.2 Class B stranded conductors, compressed to a reduction in diameter of 3 percent| maximum of

concentric stfanded conductors, shall also be permitted.

4.3.3 Unilay

stranded conductors complying with the Standard Specification for 19 Wire
Unilay-Stranded Copper Conductors for Subsequent Insulations;ASTM B787 shall also be g

4.3.4 Flexihle rope lay stranded conductors may bersubstituted for concentric

Bunch-strand
conductor. S¢

Table 4.2

ed conductors in sizes 6 AWG and smaller may be substituted for concer
be Table 4.2.

Construction and resistance of flexible stranded conductors

Combination
ermitted.

conductors.
tric stranded

Nominal stranding Max. cond Maximum DC |resistance
Individual wire diameter Ohms per Ohms per km
diameter 1000-ft at 25°C at 25°C
AWG | Confluctor |Nominal mm?{  Number of inch mm inch mm | Bare [Coated| [Bare |Coated
or ar¢a in wires
Kemil | circujar mils
22 154 0.38 19 0.0063 | 0.160 | 0.0315| 0.80 | 17.19 | 18.46 | |56.4 60.6
20 1p16 0.62 19 0.0080 | 0.203 | 0.0400| 1.02 | 10.83 | 11.62 | [35.5 38.1
18 1p00 0.96 19 0.0100 | 0.254 | 0.052 | 1.32 591 | 6.342 | (19.4 20.8
16 2501 1.32 19 0.0117 | 0.297 | 0.062 1.56 4.26 4.527 14.0 14.9
or 16 2426 123 19 0-64431—0-2871-0-060—1—-54 4-63——4-9451-1152 16.1
14 4106 2.08 19 0.0147 | 0.373 | 0.076 | 1.92 2.67 | 2.835 | 8.76 9.30
or 14 3831 1.94 19 0.0142| 0.361 | 0.073 | 1.85 293 | 3.110 | 9.61 10.2
12 6503 3.29 19 0.0185| 0.470 | 0.095 | 2.40 1.68 | 1.784 | 5.51 5.85
or12 6088 3.08 19 0.0179 | 0.455 | 0.092 | 2.32 1.84 | 1.958 [ 6.05 6.42
10 10908 5.53 27 0.0201 | 0.511 | 0.128 | 3.25 | 1.048 | 1.101 | 3.44 3.61
or 10 10319 5.23 37 0.0167 | 0.424 | 0.117 2.97 1.045 | 1.110 | 3.43 3.64
8 16564 8.4 41 0.0201 | 0.511 | 0.147 3.73 0.659 | 0.692 2.16 2.27
or8 14948 7.6 37 0.0201 | 0.511 | 0.147 3.73 0.728 | 0.765 | 2.39 2.51
6 26261 13.3 65 0.0201 | 0.511 | 0.207 | 5.26 | 0.423 | 0.445 | 1.39 1.46
or 6 24645 12.5 61 0.0201 | 0.511 | 0.207 | 5.26 | 0.455 | 0.478 | 1.49 1.57

Table 4.2 Continued on Next Page
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Table 4.2 Continued
Nominal stranding Max. cond Maximum DC resistance
Individual wire diameter Ohms per Ohms per km
diameter 1000-ft at 25°C at 25°C
AWG Conductor | Nominal mm?2| Number of inch mm inch mm Bare |Coated| Bare |Coated
or area in wires
Kcmil | circular mils
5 36765 18.6 91 0.0201 | 0.511 | 0.244 | 6.20 | 0.336 | 0.353 | 1.10 1.16
4 41668 21.1 133 0.0177 | 0.450 | 0.258 | 6.55 | 0.269 | 0.286 | 0.88 0.94
or4 42421 215 105 0.0201 | 0.511 | 0.264 | 6.71 0.266 | 0.279 | 0.87 0.92
3 53733 27.2 133 0.0201 | 0.511 | 0.295 | 7.49 | 0.211 | 0.221 0.69 0.73
or3 5(507 25.6 125 0.0207[ 0577 [ 0.295 | 7.37 | 0.220 | 0.231 0.72 0.76
2 66140 33.5 133 0.0223 | 0.566 | 0.324 | 8.23 | 0.183 | 0.198 | |0.60 0.63
or2 60602 30.7 150 0.0201 | 0.511 | 0.325 | 8.23 | 0.183 | /6,193 | |0.60 0.63
or2 65046 33.0 161 0.0201 | 0.511 | 0.325 | 8.26 | 0.167¢} 07175 | [0.55 0.58
1 84438 42.8 209 0.0201 | 0.511 | 0.361 9.17 | 0433)| 0.140 | [0.44 0.46
or1 90902 46.1 225 0.0201 | 0.511 | 0.390 | 9.91 0.122 | 0.128 | |10.40 0.42
1/0 10y 467 54.5 266 0.0201 | 0.511 | 0.407 | 10.34\] 0.1058 | 0.111 0.35 0.37
or 1/0 111103 56.3 275 0.0201 | 0.511 | 0.440 | 14.18//0.1009 | 0.106 | |0.33 0.35
2/0 131303 66.5 325 0.0201 | 0.511 | 0.477,]| d2.12 | 0.0854 | 0.090 | |0.28 0.29
or 2/0 13B171 70.0 342 0.0201 | 0.511 | 0.461¢] 11.71 | 0.0842 | 0.0885 | |0.28 0.29
3/0 16p876 85.6 418 0.0201 | 0.511 | @510 | 12.95 | 0.0669 | 0.0703 | [0.22 0.23
or 3/0 181805 92.1 450 0.0201 | 0.511+N\0.565 | 14.35 | 0.0615 | 0.0646 | |0.20 0.23
4/0 214933 109 532 0.0201 | 0.5%\{ 0.575 | 14.61 | 0.0530 | 0.0557 | (0.17 | 0.183
or 4/0 22p206 113 550 0.0201 | 0BA1 | 0.620 | 15.75 | 0.0505 | 0.0530 | (0.17 | 0.174
262 26p607 133 650 0.0201 \O.511 | 0.660 | 16.76 | 0.0437 | 0.0459 | (0.14 | 0.151
313 31B108 159 775 0.020i1*| 0.511 | 0.725 | 18.42 | 0.0365 | 0.0383 | (0.12 | 0.126
373 37B709 189 925 0.0201 | 0.511 | 0.795 | 20.19 | 0.0304 | 0.0319 | (0.10 | 0.105
444 440411 225 1100 0.0201 | 0.511 | 0.870 | 22.10 | 0.0256 | 0.0269 | (0.08 | 0.088
535 53p313 271 1325 0.0201 | 0.511 | 0.970 | 24.64 | 0.0213 | 0.0223 | (0.07 | 0.073
597 59935 303 1480 0.0201 | 0.511 | 1.020 | 25.91 | 0.0207 | 0.0217 | [0.07 | 0.071
646 64p416 328 1600 0.0201 | 0.511 | 1.060 | 26.92 | 0.0177 | 0.0186 | [0.06 | 0.061
777 77§719 394 1925 0.0201 | 0.511 | 1.130 | 28.70 | 0.0147 | 0.0154 | [0.05 | 0.051
1111 1111028 563 2750 0.0201 | 0.511 | 1.340 | 34.04 | 0.0105 | 0.0110 | {0.03 | 0.036
Note 1 — The t¢tal number of wireS should be as specified +1 percent providing that the maximum conductor diafneter and
conductor resisfance does not exceed the values indicated.
Note 2 — The r¢sistance valtues. of 22 AWG and 20 AWG have been increased to account for stretching of the cqnductor during
the insulating operationssinyaccordance with the Standard Specification for Copper Conductors for Use in Hookugp Wire for
Electronic Equipment_, ASTM B286.
Tolerance for maximum resistance:?
Single Conductpr: Rpax = value from Table 4.2

Multi-Conductor

One layer of conductor:
More than one layer of conductors:
Pairs or other precabled units:
More than one layer of pairs or other precabled units:

Rmax = value from Table 4.2 X 1.02
Rmax = value from Table 4.2 X 1.03
Rmax = value from Table 4.2 X 1.04
Rmax = value from Table 4.2 X 1.05

IEEE 1580-2010. Reprinted with permission from IEEE. Copyright IEEE 2010. All rights reserved.

4.3.5 Compact round concentric lay stranded copper conductors complying with the Standard
Specification for Compact Round Concentric-Lay-Stranded Copper Conductors, ASTM B496 shall also be
permitted. See Table 4.3.
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Table 4.3
Construction and resistance of stranded compact concentric conductors
Conductor size Compact stranding Maximum dc resistance Q/km at 20°C
Area in circular AWG or kcmil Number of wires Conductor Uncoated Alloy coated or
mils diameter tinned
mm (in)
16 510 8 7 3.4 (0.134) 2.14 2.23
26 240 6 7 4.3 (0.169) 1.35 1.40
41 740 4 7 5.4 (0.213) 0.848 0.881
66 360 2 7 6.8 (0.268) 0.533 0.554
83 690 1 192 7.6 (0.299) 0.423 0.440
105 600 1/0 192 8.5 (0.336) 0.335 0.348
133 100 2/0 192 9.6 (0.376) 0.266 0.276
167 800 3/0 192 10.7 (0.423) 0.211 0.219
211 600 4/0 192 12.1 (0.475) 0.167 0.172
250 000 250 37b 13.2 (0.520) 0.142 0.147
300 000 300 370 14.5 (0.570) 0.118 0.123
350 000 350 37t 15.7 (0.616) 0.101 0.105
400 000 400 37b 16.7 (0.659) 0.0884 0.0910
500 000 500 37t 18.7 (0.736) 0.0708 0.0728
600 000 600 61¢ 20.7 (0.813) 0.0590 0.0613
750 000 750 61¢ 23.1 (0:908) 0.0472 0.0486
1 000 000 1000 61¢ 26:9¢1.060) 0.0354 0.0364
@18 wires mininum.
b 35 wires miniEum.
¢ 58 wires mininum.
To convert fronp kg/km to Ib/1000 ft multiply number x 0.672.
To convert fronp /km to Q/1000 ft multiply number x*0:3048.

4.4 Joints

4.4.1 Joints
substantially
larger than 1
brazes or we

4.4.2 For roj
these joints s

in the individual wires of a stranded conductor shall neither increase the
decrease the stréngth of the conductor or the individual wire. Joints in strandg
5 AWG shall only be permitted in the individual wires of the strand. The diste
ds in individual strand wires shall be not less than 0.3 m (1 ft) of conductor.

diameter nor
d conductors
nce between

e-lay 'stranded conductors, a stranded member (primary group) may be joinfed as a unit;

halknot be closer than two lay lengths.

4.4.3 Joints in stranded conductors 16 AWG and smaller may be made in the whole conductor, provided
that the solid section of the braze or weld does not exceed 13 mm (0.5 in) in length and the distance
between brazes or welds is greater than 1000 m (3280 ft).
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4.5 Conductor stress control layer (for cables rated above 2 kV)

4.5.1 The conductor stress control layer shall be an extruded semiconducting material of a thickness as
shown in the Standard for Medium-Voltage Power Cables, UL 1072. This layer shall be applied over the
surface of the conductor and bonded to the inner surface of the insulation. The conductor stress control
layer material shall be compatible with all materials into which it comes in contact.

4.5.2 The contact surface between the conductor stress control layer and the insulation shall be
cylindrical and free from protrusions and irregularities that extend more than 0.13 mm (0.005 in) into the
insulation or more than 0.25 mm (0.01 in) into the conductor stress control layer.

4.5.3 The conductor stress control layer shall have a maximum volume resistivity of 1000 Q-m at 90 +1
°C (194 +1.4°F), and other physical properties in accordance with the Standard for Nedium-Voltage
Power Cablef, UL 1072.

4.5.4 The extruded conductor stress control layer may be supplemented by ajys€miconducting tape
applied directly over the conductor. The maximum dc resistance of the semiconducting fape at room
temperature shall be 10 000 Q per unit square, when determined in accordance with the $tandard Test
Method for DiC Rated Resistance or Conductance of Moderately Conductive Materials, AS[TM D4496.

4.5.5 The extruded conductor stress control layer material shall, have a brittleness temperature not
warmer than|-25°C (—13°F) when tested in accordance with the.S§tandard Test Method fpr Brittleness
Temperature|of Plastics and Elastomers by Impact, ASTM D7486.

4.5.6 The conductor stress control layer shall be easily remavable from the conductor whgn terminating
or splicing.

5 Insulation
5.1 General

5.1.1 The ingulation shall be one of thé\following types:

Marking code symbol Material Maximum conductor ¢perating
temperature °C
T75 Polyvinyl chloride 75
TPE90 Thermoplastic elastomer 90
T/N9O Polyvinyl chloride/nylon 90
E90 Ethylene propylene rubber 90
X90 Cross-linked/polyolefin 90
X100 Cross-linked/polyolefin 100
X110 Cross-linked/polyolefin 110
X100P Cross-linked/polyolefin for special 100
applications
X110P Cross-linked/polyolefin for special 110
applications
S100 Silicone rubber 100
Note — The maximum short circuit temperature of all thermoplastic materials is 150°C, and of the thermoset materials is
250°C.
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5.2 Separator

5.2.1 Where required to ensure free stripping, a suitable opaque separator tape may be applied to the
conductor of a cable rated 2 kV or less.

5.3 Thickness of extruded insulation

5.3.1 The average thickness of the insulation shall not be less than the values given in Table 5.1.

5.3.2 The minimum thickness of the insulation at any point shall not be less than 90 percent of the

average value shown in Table 5.1.

5.3.3 For silicone insulated conducior sizes Targer than 8 AWG, refer 1o the General Sp
Cable and Cprd, Electrical, Low Smoke, for Shipboard Use, MIL-C-24643 for construction

silicone impr

gnated tape insulation.

Table 5.1

beification for
details using

Thickness of extruded insulations for distribution, control, and signal cables

Average insulation thickness, mm (mils)

5 kV — 35 kV
shielded

See the Standard for Medium-Voltage Power Cables, UL 1072 for dimensions.

Rated voltage Conductor size Types X90, X100, Type S100 Types T75 PVC, | Typgs T/N90 PVC/
phase to phgse (AWG or kcmil) X100P, X110, Silicone rubber TPES0 Nylon
V) X110P, E90 Thermoplastic
Elastomer
0 - 300 22-19 0.28 (15) 0.87 (35) 0.50 (20) 0.37/0.10 (15/4)
18 - 16 0.50 (20) 0.87 (35) 0.50 (20) 0.37/0.10 (15/4)
0 — 600/1000 18 — 11 0.76 (30) 1.14 (45) 1.14 (45) 0.37/0.10 (15/4)
10-9 0.76 (30) 1.14 (45) 1.14 (45) 0.50/0.10 (20/4)
8-5 1.14%(45) 1.50 (60) 1.50 (60) 0.76/0.13 (30/5)
4-2 1:-14-(45) 1.50 (60) 1.50 (60) 1.00/0.15 (40/6)
1-4/0 .37 (55) 2.00 (80) 2.00 (80) 1.25/0.18 (50/7)
225 — 500 1.62 (65) 2.37 (95) 2.37 (95) 1.30/0.20 (60/8)
525 — 1000 2.00 (80) 2.75 (110) 2.75 (110) 1.75/0.23 (70/9)
1100 — 2000 2.37 (95) - - -
1001 — 200p 14-%'9 1.14 (45)
8-2 1.37 (55)
1-4/0 1.62 (65)
225 — 500 1.87 (75)
525 — 1000 2.25 (90)
1100 — 2000 2.75 (110)
2400 (unshielded) 8 — 1000 2.25 (90)
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5.4 Properties of insulation

5.4.1 General

5.4.1.1 The insulation resistance at 15.5°C shall meet the requirements of Table 5.2 when tested in
accordance with Section 920 of the Reference Standard for Electrical Wires, Cables, and Flexible Cords,
UL 1581.

5.4.2 Long-term insulation resistance

5.4.2.1 The long term insulation resistance in water at 75°C shall meet the requirements of Table 5.2
when tested in accordance with the Reference Standard for Electrical Wires, Cables, and Flexible Cords,

UL 1581.

5.4.3 Heat d

5.4.3.1 The
the Referenc

5.4.4 Hot crg

bformation

neat deformation shall meet the requirements of Table 5.2 whentestéd in acq
b Standard for Electrical Wires, Cables, and Flexible Cords, UL "1581.

ep

ordance with

5.4.4.1 The hot creep shall meet the requirements of Table 5.2 when tested in accordance wlith Hot Creep

Tests, Sectio
5.4.5 Physic

5.4.5.1 The
accordance \

5.4.6 Cold b

5.4.6.1 The
Reference St

5.4.7 Condu
5.47.1 The
a) A

spec
being

h 65 of the Standard for Medium-Voltage Power Cables, UL 1072.
bl properties of insulation

bhysical properties of the insulation shall"meet the requirements of Table 5.2 w
yith the Reference Standard for Electrical Wires, Cables, and Flexible Cords, |

1%

nd

cold bend shall meet the fequirements of Table 5.2 when tested in accorda
andard for Electrical Wires, Cables, and Flexible Cords, UL 1581.

ctor corrosion

ronductor cofrosion shall be determined as follows:

mens.aged at elevated temperature, as described in Table 5.2, for the particu
employed shall not show any evidence of corrosion (normal oxidation or disc

hen tested in
JL 1581.

ince with the

copperconductor removed from unaged specimens of the finished wire or calple and from

ar insulation
bloration of

the ¢

Opper ot caused by the insutatiornm or any separator is to be disregarded) wie

to a visual examination.

1 subjected

b) The examination shall be made with normal or corrected vision without magnification.
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5.4.8 Accelerated water absorption

5.4.8.1 The accelerated water absorption (electrical method) shall meet the requirements of Table 5.2
when tested in accordance with the Reference Standard for Electrical Wires, Cables, and Flexible Cords,

UL 1581.

Table 5.2

Electrical and physical requirements of insulation Types E90, X90, X100, X100P, X110, X110P,

$100, T75, TPE90, and T/N90

Insulation material Ethylene Cross-linked Cross-linked | Silicone | Polyvinyl | Polyvinyl | Thermoplastic
propylene rubber polyolefin polyolefin rubber | chloride | chloride/ elastomer
Tor special nylon
applications
Insulation-fype E90 E90 X90, X90 X100P, S100 T75 T/NRO?2 TPE90
designatipn X100, X110P
X110
Voltage rating 0- 2001 - (0 -2000(2001-35| 0-2000V | O-600/ |"O—-600/ | O- 600/ [ O-—600/1000
2000 V| 35kV v kV 1000 V. 1000 V 1000 V Vv
Electrical 10 000 | 20 000 10 000 20 000 10 000 4000 2 000 2 Joo 2 000
Requirements
Insulation Resigtance
Constant MQ-1p00 ft
at 15.5°C, min
Accelerated Water
Absorption @|75°C
as per UL 1581
Electrical Method:
Dielectric constant 6.0 4.0 6.0 35 6.0 6.0 10.0 14.0 10.0
after 1 day, mak
Increase in 5.0 3.5 4.0 3.0 4.0 10.0 4.0 410 4.0
capacitance, mpx, 1 to
14 days
7 to 14 days 3.0 1.5 2.0 1.5 2.0 3.0 2.0 2{0 2.0
Stability factor gfter 14 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1J0 1.0
days, max
Long Term Inqulation | UL 44 Not UL 44 Not UL 44 pass Not UL 83 UL(83 UL 83 pass
Resistance @75°C as | pass\\{applicable| pass applicable applicable pass palss
per UL 44 or UL 83,
using 14 AWG,| 600 V
Heat deformatjon 1 h;
per 5.4.3
Test temperature=€ = = 2=t fet=t fet=t = t2t=t 36 +1 121 +1
(°F), (250 | (250 +1.8) | (250 +1.8) (250 (277 (250 +1.8)
+1.8) +1.8) +1.8)
% of unaged value 4/0 - - 30 25 30 - 25 25 25
AWG and smaller
Larger than 4/0 - - 15 15 15 - 25 25 25
Hot Creep per UL
1072
Test temperature °C - 150 +1 150 +1 150 £1 175 2 - - - -
(°F) (302 (302 | (302 +1.8)| (347 £3.6)
+1.8) +1.8)

Table 5.2 Continued on Next Page
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Table 5.2 Continued

Insulation material Ethylene Cross-linked Cross-linked | Silicone | Polyvinyl | Polyvinyl | Thermoplastic
propylene rubber polyolefin polyolefin rubber | chloride | chloride/ [ elastomer
for special nylon
applications
Insulation-type E90 E90 X90, X90 X100P, S100 T75 T/N90? TPE90
designation X100, X110P
X110
Voltage rating 0- 2001 - (0 -2000(2001-35| 0—-2000V | O-600/ | O—-600/ | O—600/ | O—600/1000
2000 V| 35kV v kv 1000 V 1000 V 1000 V \
Hot creep elongation, — 50 100 175 25 — — — -
max., %
Hot creep set, max., % - 5 10 10 5 - - E -
Physical
Requirements
Unaged
Tensile strengtih, min, 8.3 4.8 (700) 12.4 12.4 12.4 (1800) | 5.5 (800) 13.8 13.8 5.5 (800)
MPa (psi) (1200) (1800) (1800) (2000) (20p0)
Elongation at rgpture, 150 200 150 150 250 250 150 180 200
min, percent
Aging Requiregments
— 75°C Rated:
After air oven gt °C - - - - N - 121 +1 1 -
(°F) (250
+1.8)
Hours - - - - - - 168 . -
Tensile strength, % - - - - - - 75 E -
retention of undged,
min
Elongation at ripture, - - - - - - 65P° . -
% retention of §inaged,
min
Aging Requirgments -
— 90°C Rated:
After air oven gt °C 121 £1 | 124 %1 121 +1 121 +1 - - - 134 +1 121 +1
(°F) (250 (250 (250 | (250 +1.8) 2y7 (250 £1.8)
+1.8) +1.8) +1.8) +1|8)
Hours 168 168 168 168 - - - 148 168
Tensile strength, % 75 75 85 75 - - - s 75
retention of ungged,
min
Elongation at riipture, 75 75 60 75 — — 65° 75
retention of unaged,
min
Aging Requirements
—100°C Rated:
After air oven at °C - - 130 +1 130 +1 130 +1 158 +1 - - -
(°F) (266 | (266 +£1.8) | (266 £1.8) (316
+1.8) +1.8)
Hours - - 168 168 168 168 - - -
Tensile strength, % - - 75 75 90 65 - - -
retention of unaged,
min

Table 5.2 Continued on Next Page
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Table 5.2 Continued

Insulation material Ethylene Cross-linked Cross-linked | Silicone | Polyvinyl | Polyvinyl | Thermoplastic
propylene rubber polyolefin polyolefin rubber | chloride | chloride/ [ elastomer
for special nylon
applications
Insulation-type E90 E90 X90, X90 X100P, S100 T75 T/N9O? TPE90
designation X100, X110P
X110
Voltage rating 0- 2001 - (0 -2000(2001-35| 0—-2000V | O-600/ | O—-600/ | O—600/ | O—600/1000
2000 V| 35kV v kv 1000 V 1000 V 1000 V \
Elongation at rupture, — — 75 75 50 50 — — —
retention of undged,
min
Aging Requiregments
- 110°C Rated
After air oven gt °C - - 141 +1 141 £1 158 £1 - = g -
(°F) (286 (286 £1.8) | (316 £1.8)
+1.8)

Hours - - 168 168 168 - - . -
Tensile strength, % - - 75 75 90 - - E -
retention of undged,
min
Elongation at rypture, - - 75 75 50 - - 1 -
retention of undged,
min
Cold Bend Pass Pass Pass Pass Pass Pass Pass Pdss Pass
After 4 h at -3Q £1°C
insulation shall not
crack after beirlg bent
180° around a nandrel
8 times the diafneter of
the insulation.
Conductor Cofrosion | Pass Pass Pass Pass Pass Pass Pass Pdss Pass
@ The nylon jacket shall be removed priotto aging.
b For 6 AWG ahd larger, buffed samples; value is 50 percent.
¢ For 6 AWG apd larger, buffed samples, value is 45 percent.
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5.4.10 Evaluation of alternate materials

5.4.10.1 Materials named in Table 5.2 that do not meet all of the physical property requirements may be
evaluated using the long-term aging test in Section 481 of the Reference Standard for Electrical Wires,
Cables, and Flexible Cords, UL 1581.

6 Insulation

Shield

6.1 The use of an insulation shield is mandatory for 5 to 35 kV cables. Where an insulation shield is used,
both the metallic and non-metallic components shall comply with the requirements of the Standard for
Medium-Voltage Power Cables, UL 1072.

7 Binder or
7.1 Aninsuld
conductor, o
may be used

8 Braids

8.1 Extruded
the Standard

9 Conducto
9.1 Wherec
insulation or

used, shall b

a) T

b) Three conductors — black, white or blue, and red;

c) Fq

and ¢range or white.

Alternate con
yellow stripes

9.2 The insu
for a recomm

Separator

er one or several groups of conductors, or over the entire cable assembly. Se
in a given cable.

silicone rubber insulated conductors shall be covered,witha glass braid in ac
for Thermoset-Insulated Wires and Cables, UL 44.

I Identification
bnductor color coding is specified, the identification may be made either by colo
eparate tapes. Conductor identification of distribution cables, when colored ¢

b as follows:

vo conductors — black, and whiteyor red;

ur conductors — either black, white or blue, red, and orange or green; or blach
ductor identification methods such as numbers are acceptable. Note that green
is accepted-only for the grounding (or bonding) conductor of a distribution sy

ated"eonductors of control and signal cables shall be distinctly color coded. Se
ended practice for color code for control and signal cables.

ting binder or separator tape(s) is not required but is acceptable over anindiviglual insulated

veral binders

ordance with

ed conductor
bnductors are

, red, blue,

or green with
stem.

e Appendix A

9.3 Recommended color coding for pairs in signal cables is one black and one white conductor with the
pair number printed on each conductor. Recommended color coding for triads in signal cables is one
black, one white, and one red conductor with the triad number printed on each conductor.
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10 Shielding

10.1 When required, signal cable shall contain shielded components that may consist of shielding over
single conductors, pairs, triads, groups, and/or the complete cable.

11 Individually Shielded Components and Overall Shielding

11.1 The shielding shall consist of either a polyester/aluminum tape applied helically, aluminum side
inward for an individual conductor shield and either inward or outward for an overall cable shield, or a
copper tape, all with a minimum overlap of 25 percent or 6.4 mm (0.25 in), whichever is smaller, or a
copper braid. Where a tape shield is used, a tinned copper, stranded drain wire shall be applied under the
shield and shall be in contact with the aluminum side. The size of the drain wire shall be no smaller than
two gauge sifes Tess than the signal circuit conducior size. Where a braided copper shield, 1§ used, it shall
be constructgd in accordance with Section 15. The wires in the braid shall be a minimum of 38 AWG
copper.

11.2 Cables |with individual and overall shielding shall be identified as such in-accordance with Sections
40 — 42.

12 Cabling
12.1 Condudtors, pairs, triads, or groups shall be cabled in concentric layers.
12.2 In multitlayer cables, the direction of lay for adjacent layers shall be reversed or unidifectional.

12.3 For calfles employing lay reversal cabling, the transition zone shall not be less than [1.8 times the
lay length.

12.4 The mgximum length of lay shall be as noted in Table 12.1.

Table 12.1
Maximum length of lay

Number of conductors_inncable Maximum length of lay
2 30 x single conductor diameter
3 35 x single conductor diameter
4 40 x single conductor diameter

5¢or more 15 x cable core diameter

12.5 Individdal conductors that are paired or triplexed in signal cables shall have a maximpym lay length
the same as fthabt shown for a cable in 12.4.
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13 Fillers

13.1 Fillers shall be compatible with other cable components, moisture resistant, and maximize the filling
of all voids. Fillers shall be used as required to give the completed cable a substantially circular cross

section.

14 Cable Jackets

14.1 General

14.1.1 Except for single conductors described in 14.1.2 or 14.2.1, a cable jacket shall be provided and
shall be one of the following types:

Marking code symbol

Material

Temperature rating, °C

TPO
T
TPE
N
CP

CPE
XP

Thermoplastic polyolefin
Polyvinyl chloride

Thermoplastic elastomer
Thermosetting neoprene

polyethylene

Cross-linked polyolefin

Thermosetting chlorosulfonated

Thermosetting chlorinated polyethylené

60 or 75
60,75, or 90
60, 75 or 90

75 or 90

75 or 90

75 or 90
90

14.1.2 Single

conductors that are not part of a multi-conducter cable, 18 AWG and larger,

rated 2 kV or

less and insplated in accordance with Section 5, that_are intended for use within equjpment or an
enclosure shall not be required to be jacketed.

14.1.3 The femperature rating of a jacket applied over the insulation may be less thap that of the
insulation with the difference in temperature ratings not exceeding 20°C.

14.1.4 The ghysical properties of the jacket shall meet the requirements of Table 14.1 when tested in
accordance With Section 400 of the Reference Standard for Electrical Wires, Cables, and Flexible Cords,

UL 1581.

Jacket properties Types T, CP, N, CPE, XP, TPE, and TPO

Table 14.1

Jacket matefial Polyvinyl Thermosetting | Thermo- | Thermosetting | Thermo- Thermo- Thermo-
chloride chlor- setting chlorinated setting plastic plastic
sulfonated neoprene polyethylene |crosslinked | elastom polyolefin
polyethylene polyolefin T
Jacket-type T CP N CPE XP TPE TPO
designation
Physical
Requirements
Unaged:
Tensile strength, 10.3 (1500) 12.4 (1800) 12.4 (1800) 12.4 (1800) 10.3 (1500) | 10.3 (1500) | 8.3 (1400)
min, MPa (psi)
Elongation at 150 300 300 300 150 150 100
rupture, min,
percent
Tension set, max, - 30 20 30 - - -
percent

Table 14.1 Continued on Next Page
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Table 14.1 Continued

Jacket material Polyvinyl Thermosetting Thermo- Thermosetting Thermo- Thermo- Thermo-
chloride chlor- setting chlorinated setting plastic plastic
sulfonated neoprene polyethylene |crosslinked | elastomer | polyolefin
polyethylene polyolefin
Aging
Requirements —
60°C Rated
Jacket:
After air oven at °C 100 %1 10041 100 %1 100 %1 100 %1 100 %1 100 %1
(212 £1.8) (212 £1.8) (212 £1.8) (212 £1.8) (212 £1.8) | (212 +1.8) | (212 £1.8)
Hours 240 168 168 168 168 168 168
Tensile strength, % 85 85 50 85 70 75 75
retention of undged,
min
Elongation at 60 65 50 60 70 75 60
rupture, % reteption
of unaged, min
Aging
Requirements|-
75°C Rated
Jacket:
After air oven gt °C 100 +1 113 +1 100 +1 1131 113 1 100 +1 100 +1
(212 £1.8) (236 £1.8) (212 £1.8) (236¢£1.8) (236 £1.8) | (212 £1.§ (212 £1.8)
hours 240 168 240 168 168 240 240
Tensile strength, % 85 85 50 85 70 75 75
retention of ungged,
min
Elongation at 60 50 50 50 70 75 60
rupture, % reteption
of unaged, min
Aging
Requirements|-
90°C Rated
Jacket:
After air oven gt °C 121 +1 121 +1 121 +1 121 +1 121 +1 121 +1 -
(250 +1.8) (250 +1.8) (250 £1.8) (250 £1.8) (250 £1.8) | (250 +1.8
Hours 168 168 240 168 168 168 -
Tensile strength, % 85 85 - 85 70 75 -
retention of ungged,
min
Elongation at 60 50 - 60 70 75 -
rupture, % reteption
of unaged, min
Tensile strength, - - 6.2 (900) - - - -
min, MPa (psi)
Elongation at - - 50 - - - -
rupture, min, %
Oil Exposure
Resistance
After oil immersion 70 +1 121 +1 121 +1 121 +1 100 2 70 +1 70 +1
at °C (158 +1.8) (250 £1.8) (250 £1.8) (250 £1.8) (212 £3.6) | (158 £1.8) | (158 £1.8)
Hours 4 18 18 18 96 4 4

Table 14.1 Continued on Next Page
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Table 14.1 Continued

Jacket material Polyvinyl Thermosetting | Thermo- | Thermosetting | Thermo- Thermo- Thermo-
chloride chlor- setting chlorinated setting plastic plastic
sulfonated neoprene polyethylene |crosslinked | elastomer | polyolefin
polyethylene polyolefin
Tensile strength, % 80 60 80 60 50 80 50
retention of unaged,
min
Elongation at 60 60 60 60 50 60 50
rupture, % retention
of unaged, min
Heat Deformatjor;
at 121°C £ 1°Q
max, percent o 50 — — 15 15 80 -
unaged value

14.1.5 Mater
using the lon
Flexible Cord

14.2 Integra

14.2.1 Single
may use an i

14.2.2 The npinimum average thickness of insulation shalt be 2.67 mm (105 mils) for condu

AWG to 450

14.2.3 When
requirements

14.2.4 Wher
augmented b

14.3 Jacket

14.3.1 The n
minimum thig

| insulation/jacket

als named in Table 14.1 that do not meet the aging test requirements may
j-term aging tests in Section 481 of the Reference Standard for Electrical Wires
s, UL 1581.

conductor cables rated 2 kV only, with conductor sizes equal to or larger th
hcreased insulation thickness in lieu of using, a-separate cable jacket.
kemil and 3.05 mm (120 mils) for conductor sizes 500 kcmil and larger.

insulation is used as an integral~insulation and jacket, the material shall co
of Section 24.

the thicker insulation nvalue permitted in 14.2.1 is used, the cable marki
y a suffix as specified in*Section 40.
thickness
ninimum average thickness of the cable jacket shall be in accordance with Ta

kness at.any point shall not be less than 80% of the minimum average valueg

be evaluated

, Cables, and

an 4/0 AWG,

ctor sizes 4/0

mply with the

ngs shall be

ble 14.2. The
shown.
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Table 14.2
Thickness of jacket

Calculated diameter of
cable under jacket, mm

Minimum average jacket
thickness, mm

Calculated diameter of
cable under jacket, in

Minimum average jacket
thickness, in

0-10.8
109-17.8
17.9 - 38.1
38.2-63.5

63.6 and larger

1.14
1.52
2.03
2.79
3.56

0-0.425
0.426 - 0.700
0.701 - 1.500
1.501 — 2.500

2.501 and larger

0.045
0.060
0.080
0.110
0.140

15 Metal Wire Armor (Optional)

15.1 General

15.1.1 The armor shall consist of wire laid closely together, flat and parallel, and-forming a

that shall firmlly grip the cable. The wire shall be 0.32 £0.01 mm (0.0126 +0.0005-in) in diam
shall be free from cracks, splits, or other flaws. The wire shall be commercial bronze, aluminy
The weave ghall be the “one over-one under” or the “two over-two under” type. The se
number of erds per carrier and the number of carriers per braider shall be such as to prog

weave with g braid angle and coverage within the following limits:

basket weave
pter. The wire
m, Or copper.
ection of the
uce a basket

Diameéter under jacket Percent braid coverage Angle (°)
mm (in) Min Max Min Max
up to 15.2 up to 0.600 88 94 30 60
15.3 to 25.4 0.601 to 1.000 88 94 35 60
25.5 to 38. 1.001 to 1.500 88 94 40 70
38.2 to 50.8 1.501 to 2.000 88 94 45 70
50.9 and ovgr 2.001 and over 88 94 50 80

where the pe

in which:

rcent coverage = (2F — F3x'100
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_ NPd

/._
sina

a = angle of braid with axis of cable and

Tana =

—, (0

d = diameter|of individual braid wire in mm (in)

C = number ¢f carriers

D = diametel of cable under armor, in mm (in)

N = number of wires per carrier

P = picks pef mm (in) of cable length

The maximurp number of ends per carrier shall conform to the following table:

Cable diameter under

(in)

Maximum number of ends per cartlier

“one over-one under”

"two over-t\llo under”

armpr mm
0tp 10.1 0.to 0.400 8 5
10.2|to 20.3 0.401 to 0.800 12 8
20.4[to 38.1 0.801 to 1.500 15 10
38.2 and larger 1.501 and larger 20 10
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15.2 Alumin

um armor

15.2.1 Aluminum armor braid shall be aluminum alloy 5154 or an equivalent alloy having a minimum
tensile strength of 345 MPa (50 000 psi) and a minimum elongation of 2 percent in 254 mm (10 in).

15.3 Commercial bronze armor

15.3.1 Commercial bronze armor braid shall be annealed 90-10 bronze, Copper Development
Association (CDA) alloy number 220.

15.4 Copper armor

15.4.1 Uncogfed copper armor braid shall meet the requiremenis of ASTM B3. Coaied
bet the requirements of ASTM B33.

braid shall m

16 Corrugated Aluminum Sheath (Optional)

16.1 The shd
is applied d
requirements
of Section 14
Table 16.1. T

values shown.

ath shall consist of either an extruded or a seam welded and corrugated alumi
rectly over the cable assembly or over the cable jacket: Jhe sheath sh
of the Standard for Metal-Clad Cables, UL 1569. An overall jacket meeting the
shall be provided. The minimum average thickness of théjacket shall be in ac
he minimum thickness at any point shall not be less thah 80 percent of the mini

Thickness of jacket over armor or.corrugated aluminum sheath

Table 16.1

bopper armor

hum tube that
all meet the
requirements
tordance with
mum average

Calculated diameter under jacket Minimum acceptable average jacket thickness
mm in mm in
0—{10.80 0—0.425 1.02 0.040
Over 10.8( but not over Over 0.425 butnet over 1.27 0.050
3B.10 1:500
Over 38.10Q but not over Over 1.500/but not over 1.52 0.040
5f.15 2.250
Over 57.1% but not over ©ver2.250 but not over 1.91 0.075
7p.20 3.000
Ovef 76.20 Over 3.000 2.16 0.045
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17 Paint

17.1 Cables shall not be painted, except that 5 kV types may be painted yellow. The overall jacket of a
cable may be of a color denoting the voltage rating of the cable as follows: a yellow-colored jacket for
cable rated 5 kV, a red-colored jacket for cable rated 15 kV, or an orange-colored jacket for cable rated
35 kV.

18 Jacket Over Armor

18.1 A jacket over the armor is optional on cables with aluminum or bronze metal braid armor. A jacket
over the armor is required on cables with copper braid armor. The jacket material shall be in accordance
with the requirements for cable jackets as specified in Section 14. The minimum average thickness of the
jacket shall b in"accordance with Table 16.1. The minimum thickness at any point shall no} be less than
80% of the minimum average values shown.

19 Equipment Grounding Conductors

19.1 Cables|are manufactured with or without a bare or insulated equipment grounding| (or bonding)
conductor. When insulated equipment grounding (or bonding) conductorsare provided, th¢ color of the
insulation shall be green or green with yellow stripes. For cables rated 2 kV or less, the insulation shall be
of the same fnaterial and have the same voltage rating as the circujt conductor. The minimym size of the
grounding copductor shall be in accordance with Table 19.1.

Table 19.1
Minimum grounding conductor size
AWG or hm? Circular Two-conductor cable | Three-conductor dable
kemil mils Minimum conductor size, AWG
75°C 90°C 100°C 110°C 75°C 90°C 100C 110°C
20 .52 1020 20 20 20 20 20 20 20 20
18 .82 1620 18 18 18 18 18 18 18 18
16 .31 2580 16 16 16 16 16 16 16 16
14 2.08 4110 14 14 14 14 14 14 14 14
12 .31 6530 12 12 12 12 12 12 12 12
10 .26 10380 10 10 10 10 10 10 10 10
8 .37 16510 10 10 8 8 10 10 10 10
7 10.55 20820 8 8 8 8 10 10 8 8
6 18.30 26240 8 8 8 8 8 8 8 8
5 16.77 33090 8 8 6 6 8 8 8 8
4 1.15 41740 8 6 6 6 8 8 8 8
3 66 52620 6 6 6 6 8 8 6 6
2 33.62 66360 6 6 6 6 8 6 6 6
1 44.21 83690 6 6 6 6 6 6 6 6
1/0 53.50 105600 6 6 6 4 6 6 6 6
2/0 67.44 137100 6 4 4 4 6 6 6 6
3/0 85.02 167800 4 4 4 4 6 4 4 4
4/0 107.2 211600 4 4 3 3 6 4 4 4
250 126.7 250000 4 3 3 3 4 4 4 4
263 133.1 262600 4 3 3 3 4 4 4 3
313 158.6 313100 3 3 3 2 4 4 3 3
350 177.3 350000 3 3 2 2 4 3 3 3
373 189.3 373700 3 2 2 2 4 3 3 3

Table 19.1 Continued on Next Page
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Table 19.1 Continued

AWG or mm? Circular Two-conductor cable | Three-conductor cable
kemil mils Minimum conductor size, AWG
75°C 90°C 100°C 110°C 75°C 90°C 100°C 110°C
444 225.2 444400 3 2 1 1 3 3 2 2
500 253.3 500000 2 2 1 1 3 3 2 2
535 271.2 535300 2 2 1 1 3 2 2 2
646 327.5 646400 2 1 1/0 1/0 3 2 1 1
750 380.0 750000 1 1/0 1/0 1/0 2 2 1 1
777 394.0 777700 1 1/0 1/0 1/0 2 1 1 1
1000 506.7 1000000 - - - — - - - -
1111 563.1 1111000 - - - - - - — -
1250 633.3 1250000 - - - - - - - -
1500 760.0 1500000 - - - - - - - -
2000 1013.3 | 2000000 - - - - - = - -
20 System Ground

20.1 The sys
system grour

PERFORMA
21 General

21.1 Cables
22 — 36.

21.2 Shielde|
in the Standd

22 Low Ten

22.1 Neither
ruptures whe
equal to eigh
conditioned f
accordance

Wires, Cable

tem ground conductor shall be the same size as the phase conductor size. Th
d conductor shall not be green or green with yellow stripes.

NCE

manufactured to this Standard shall comply with the performance requiremen

[ cables rated 5 kV and above.additionally shall comply with all the electrical t
rd for Medium-Voltage Powef-Cables, UL 1072.

perature Bend Test

the insulation norythe jacket of any specimens of finished cable shall exh
h examined under normal or corrected-to-normal vision when bent 180° arou
t times the.Overall diameter of the cable after the specimen and the mandr,
br 4 h at the-test temperature shown in the table below. Compliance shall be
vith the.cold bend test specified in Section 580 of the Reference Standard
5, and\Flexible Cords, UL 1581.

e color of the

s in Sections

bsts specified

bit cracks or
nd a mandrel
| have been
etermined in
for Electrical
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Cable marking Conditioning test temperature
none -25 £1°C
-35°C -35 +1°C
-40°C -40 +1°C
_55°C -55 +1°C

23 Low Temperature Impact Test

23.1 Neither the insulation nor the jacket of at least eight out of ten specimens of finished cable shall
exhibit cracks or ruptures when examined under normal or corrected-to-normal vision when tested in
accordance with Section 593 of the Reference Standard for Electrical Wires, Cables, and Flexible Cords,

UL 1581 afte

r\nndiﬁnning for 4 h at the test h:mlnnmhlm shown in the fnllnwing tahle:

Cable marking Conditioning test temperature
none no test
-35°C -35 = #£€
-40°C -40 £M°C
_55°C ~564 1°C

24 Sunlight]

241 Jacket
conditioning i

Flexible Cord

24.2 The ca

tensile streng

25 Flame Té¢

25.1 All cabl

spread chara

a) D

cable

Voltal
b) C

c) Si

Weather Resistance Test

specimens from finished cables shall be subjected to 720 h of carbon
h accordance with Section 1200 of the Referenee Standard for Electrical Wires
s, UL 1581.

ble shall not be acceptable for sunlight/weather-resistant use if the retention ¢

st

b constructions except those-limited to use within equipment or enclosures shal
cteristics as specified in\25.2. The following constructions shall be tested:

stribution cables;A600 V, 2 kV) — one single conductor, 6 AWG, or 3 conductc
; for cables ratéd™5 kV and above, the sample sizes specified in the Standard
ge Power Cables, UL 1072, shall be used

bntrol cables: 7 conductor, 12 AWG, or 7 conductor, 14 AWG; and

gnal‘and/or instrumentation cables: 7 pairs, 18 AWG.

th and elongation at break of the spegimen after aging is less than 80 percent.

br Xenon arc
, Cables, and

f the original

exhibit flame

r, 6 AWG
for Medium-

25.2 These cable constructions shall be subjected to the FT4/IEEE 1202 Vertical-Tray flame test in
accordance with the Standard for Vertical-Tray Fire-Propagation and Smoke-Release Test for Electrical
and Optical-Fiber Cables, UL 1685. The cable shall be considered to comply if the damage to the cable
does not exceed 1.5 m (4 ft, 11 in) above the point of flame impingement on the cable sample. The smoke

release requi

rements in UL 1685 do not apply.
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25.3 Although the fire type testing is performed on these selected sample sizes, the manufacturer shall
ensure that the complete product range also complies with the requirements of FT4/IEEE 1202 flame test
in accordance with the Standard for Vertical-Tray Fire-Propagation and Smoke-Release Test for Electrical
and Optical-Fiber Cables, UL 1685.

25.4 Single conductor cables as described in 14.1.2 shall meet the requirements of the VW-1 flame tests
in the Reference Standard for Electrical Wires, Cables, and Flexible Cords, UL 1581. Compliance shall be
determined by testing a 14 AWG conductor.

26 Ease of Stripping Test

26.1 When subjected to the procedures described in 26.2, the cable shall comply with the following
requirements

a) The cable core shall not be damaged when the jacket is removed; and

b) There shall not be any evidence of insulating compound beneath the.outer layer of

condlictor strands.

26.2 A specjmen of multiple conductor cable approximately 380 mm (15%n) in length shall h
and filler material cut using a razor blade or similar instrument. The cut 'shall be made long
vertically down to the insulation for approximately 150 mm (6 in).,A§econd cut around the g
of the cable ghall be made at the end of the first cut. The resulting/jacket piece shall then b
pulling at right angles away from the cable. Observation shalkbe made as to whether or not
filler materiall can be removed without damage to the conductor insulation or other inte
coverings. Particles which can be removed by light brushing are acceptable. In addition,
shall be prev
the strands o
of the finishe
as to whethe

the conductor. A 75-mm (3-in) length;ef'the insulation shall be stripped from a s
d stranded conductor and the outerfayer of strands shall be opened and obsg
[ or not the insulation is found beneath the outer layer.

27 Salt Watér Immersion Test

27.1 Cables
accordance \

shall comply with the.following requirements after being subjected to salt water
ith the procedure-déescribed in 27.2:

a) The cable shalt.comply with the dielectric withstand test described in 38.1 of this
b) The mechahical properties of the jacket or insulation shall not degrade to the pg

the jgcket @riinsulation will crack when the cable is wound around a mandrel havin
equa' to'nine times the sample overall diameter; and

ave its jacket
itudinally and
ircumference
b removed by

e jacket and

rral conductor

he insulation

bnted by the manufacturing process or by\an acceptable separator from penetrating between

sample length
rvation made

immersion in

Standard;

int where
) a diameter

c) The insulation and jacket shall not degrade to the point where either will crack o
from the cable during the conditioning or during the testing described in (a) or (b) a

r separate
bove.

27.2 Three 1-m (39-in) lengths of cable shall be immersed in a 20 percent (by weight) solution of common
salt (sodium chloride) at 60 +1°C (140 +1.8°F) for 240 h. The cable shall be immersed in a “U” bend such
that each end of the “U” bend of the cable is 300 mm (1 ft) above the surface of the water.
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28 Oil Compatibility Test

28.1 Cables shall comply with the following requirements after being subjected to oil immersion in
accordance with 28.2:

a) The cable shall comply with the dielectric withstand test described in 38.1 of this Standard;

b) The mechanical properties of the jacket or insulation shall not degrade to the point where
the jacket or insulation will crack when the cable is wound around a mandrel having a diameter
equal to nine times the sample overall diameter; and

¢) The insulation and jacket shall not degrade to the point where either will crack or separate

from

28.2 Three 1

h or, at the m

oilina”U”b

29 Pulling T
29.1 There 3
cable underly
specified in 2

29.2 The mg

lengths of 13
to the long s

broad faces ¢

at an angle o

where the no

the cable during the conditioning or during the testing described In (a) or (b)

ove.

-m (39-in) lengths of cable shall be immersed in IRM 902 oil at 100 £1°6,(212 +1.8°F) for 96

anufacturer’s option, 60 +1°C (140 £1.8°F) for 60 days. The cable shall be im
bend such that each end of the “U” bend is 300 mm (1 ft) above the.surface of

hrough Metal Plates Test

hall not be any damage to the overall covering or jacket 10 the extent that th
ing the covering or jacket are exposed to view after.completion of the pull th
9.2 and 29.3.

tal plates for the test set-up in Figure 29.1%hall consist of four 150-mm (6
x 100 mm (1/2 x 4 in) cold rolled steel. Bothyends of each length shall be cut
Lrfaces. Three holes of the size specified"in the following table shall be bore
f each plate as shown in Figure 29.1.;The longitudinal axes of the holes shall b
15° to the horizontal as shown in the“end view and 38 mm (1.5 in) apart on ce
minal diameter of the hole is 38t mm (1.5 in) or greater, the holes shall be s

ersed in the
the oil.

b parts of the
rough test as

Hin) or longer
berpendicular
i through the
e parallel and
nter. In cases
parated by 6

mm (0.25 in){ The edges of the hole shall be reamed sufficiently to remove burrs and rough g¢dges caused
by the drilling.
Size of hole
Calculated diameter over finished. round cable or length Nominal diameter of each hole
major axis of finished flat cable
|l1m (in) mm (in
0.0 17.8 0-0.700 28.6 1.135
17.9-20.3 0.701 - 0.800 31.8 1.250
20.4=22.2 0.801 - 0.874 34.9 1.3715
22.3 -24.1 0.875 - 0.949 38.1 1.500
241 -26.0 0.950 - 1.024 41.3 1.625
> 26.1 >1.025
1.5 x cable OD

Note — An open, rigid, metal frame shall be provided on which four of the plates are supported on edge (broad faces
vertical) approximately 2.13 m (7 ft) above the inside floor of a cold chamber with their centerlines 400 mm (16 in) apart and
parallel to one another in a horizontal direction (longitudinal axes of holes parallel). The four end views in Figure 29.1 shall
be noted and a horizontal distance of 150 mm (6 in) shall be progressively offset as also shown in Figure 29.1, which is a
view looking down from above the plates.
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29.3 A reel containing 45 m (150 ft) in length of finished cable shall be mounted on a stand, and placed
on the floor so that the distance between the bottom of the cable reel and a line perpendicular to the
center of the plates is 2.03 m (80 in). The cable shall be cooled in air at minus 10 +1°C (14 +1.8°F) for
24 h. The distance between the first plate and a line tangent to the coil at the point where the cable comes
off the coil shall be 460 mm (18 in). Upon completion of the period of cooling, the following procedures
shall be carried out immediately.

29.4 One end of the sample shall be threaded in succession through the holes labelled A, B, C, and D
in Figure 29.1. As soon as the first part of the sample has been threaded through the four holes, the end
of the sample emerging from hole D (head end) shall be grasped securely by one or two persons standing
on the floor in a position such that the cable emerges from hole D at an angle of about 45 degrees to the
vertical. While maintaining this angle, 15 m (50 ft) of the sample shall be pulled (hand-over-hand
whenever po§sible) enfirely through the holes uniil the end of this sample (tail end) emergeg from hole D.
The sample ghall be pulled through rapidly, and no effort shall be made to straighten or adjupst the sample
except to remove kinks that would prevent the sample from being pulled completely)through the four
holes. All of the pulling shall be done from beyond hole D, not from between plates,

29.5 As soon as the tail end of the sample emerges from hole D, the sample-shall be cut to provide a
15-m (50-ft) Iength, and the head end of this sample shall be threaded in-sugcession through holes E, F,
G, and H. The entire length of the sample shall be pulled through in theqmanner indicated in the preceding
paragraph. Ap soon as the tail end of the sample emerges from hole K, the head end of thegl sample shall
be threaded in succession through holes |, J, K, and L, and the entire length of the sample shall be pulled
through in th¢ manner indicated. Immediately thereafter, the ovérall sample shall be examined visually to
determine if the cable is damaged and the degree of damagé:
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Figure 29.1
Test setup for pull through metal plates test
_ 1 1/2 INCHES
16 INCHES OR 38 mm |
fs—— OR —_— ] |
406 mm |
A —¢ — ! (IlD
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406 mm = =
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16 INCHES FD -4 OR 150 mm !
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406 mm iy o
c GQNFHES o
G 0 ‘50 mm VIEW OF —
| K — '
i F BROAD FACE
D 6 INCHES
H OR |150 mm TOP VIEW
i b (NARROW FACE)
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END VIEW
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30 Bending Endurance Test

30.1 There shall not be any evidence of the cable insulation or jacket cracking as a result of the bending
test described in 30.2 and the subsequent dielectric withstand test of 38.1.

30.2 Samples shall be conditioned for 4 h in a cold chamber at a temperature of —-25 £1°C (—13 +£1.8°F).
While still at that temperature, each sample shall be tightly wound for 1/4 turn around a mandrel having
a diameter equal to 12 times the overall diameter of the specimen. The specimen shall then be
straightened to its original position and then bent for 1/4 turn in the opposite direction and then
straightened. This procedure shall be repeated 9 more times for a total of 10 times. The specimens shall
then be subjected to the dielectric withstand test described in 38.1.

31 Long-Tefm Insulafion Resistance

n resistance
Standard for

31.1 Types
requirements
Thermoset-In

X and E insulation materials shall meet the applicable long-term insulatig
for a 75°C XHHW or RHW wet location insulation material as outlined"in the
sulated Wires and Cables, UL 44.

n resistance
Standard for

31.2 Types
requirement
Thermoplasti

[ and TPE insulation material shall meet the applicable long-term insulati
b for a 75°C THW wet location insulation material as“eutlined in the
C-Insulated Wires and Cables, UL 83.

N resistance
Standard for

31.3 Types
requirementg
Thermoplasti

T/N insulation materials shall meet the applicable long-term insulatio
for a 75°C THWN wet location insulation<material as outlined in the
C-Insulated Wires and Cables, UL 83.

32 Heat Def

32.1 The he
accordance
UL 1581 ex

brmation Test

bt deformation test on Types X, T¥¢5; T/N90, and TPE90 insulation shall be
ith Section 560 of the ReferenceyStandard for Electrical Wires, Cables, and F
pt that the temperature and«equirements are found in Table 5.2 and the follow

conducted in
exible Cords,
ing specimen

c
loading is u}d:

Table 32.1
Deformation load requirements

Size of conductor, AWG Minimum load exerted on specimen by the foot of the|rod
Grams Newtons
22 — 16 400 3.92
14-7 500 4.90
61 750 7.35
1/0 — 4/0 1000 9.81
213 — 2000 kcmil 2000 19.61

32.2 The heat deformation test on Types T, CPE, XP, and TPE jackets shall be conducted in accordance
with Section 560 of the Reference Standard for Electrical Wires, Cables, and Flexible Cords, UL 1581
except using a load of 2000 grams (19.61 N) on the specimen and the requirements specified in Table
14.1.
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33 Heat Shock Test of Jacket

33.1 Types T and TPE jackets shall not show any cracks either on the surface or internally after a
specimen of the complete, finished cable is wound around a mandrel and is then subjected to a
temperature of 121 +1°C (249.8 +1.8°F) for 1 h. The test shall be conducted in accordance with 33.2.

33.2 A metal right-circular mandrel shall be used for this test. The mandrel shall have a diameter that is
3 times the outside diameter of finished cable that is 0 — 19.05 mm (0 — 0.750 in) in calculated overall
diameter, 8 times the outside diameter of finished cable that is 19.08 — 38.10 mm (0.751 — 1.500 in) in
calculated overall diameter, and 12 times the outside diameter of finished cable that is over 38.10 mm
(1.500 in) in calculated overall diameter. Four sample lengths of the complete cable shall be used. The
diameter of the cable shall be measured by means of a diameter tape. One sample shall be bent for not

less than 18
ends of the ¢
and mandrel
assembly sh
examined for|

detected from circumferential depressions in the outer surface of the jacket.The overall jg

acceptable if,
the test shal
acceptable if

34 Tension

34.1 The ter]
accordance

Medium-Voltage Power Cables, UL 1072.

35 Hot Oil R

35.1 The ing|

not exceed values shown below, after the-éenter 30.5-cm (1-ft) section of a 61-cm (2-ft)

12 AWG con
fluids:

°-around the mandrel, with the cable in confact with the mandrel throughout T
Able shall be securely held in place by a means such as friction tape. The asse
shall be heated in a full-draft circulating-air oven to 121 £1°C (249.8 #1.8°F
hll be removed from the oven and, while still hot and on the mandrel,"the ¢
cracking of the inner and outer surfaces of the jacket. Cracking of'the inner s

for the first sample, there is no evidence of cracking. If the fitst,sample shows
be repeated on each of the three remaining samples. The overall jacket
there is evidence of cracking in any of the three additional 'samples.

Set of Jacket

sion set of Types CP, N, and CPE jackets*shall comply with Table 14.1 w
with Set of Non-Conductive Thermosét Jackets, Section 36 of the §

\

esistance

ulated conductor diameter increase (swell) for X100P and X110P insulation
leng
Huctor, with ends strippedJof 61 cm (2 in) of insulation, is exposed for 100 h in

he bend. The
mbly of cable
for 1 h. The
able shall be
irface can be
cket shall be
any cracking,
shall not be

hen tested in
btandard for

rm}aterials shall

of insulated
the following
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Fluid Temperature, °C (°F) Allowable swell, percent
IRM 902 150 (302) 60
Diesel (fuel) oil 60 (140) 60

Swelling shall be evaluated no sooner than 24 h and no later than 48 h after immersion. The specimens

shall additionally show no cracks in insulation following immersion.

35.2 The insulation shall withstand an AC rms potential of 3.5 kV for 5 min conducted betwe
and aluminum foil wrapped around insulation.

36 Vertical-Tray Fire and Smoke-Release Test for Cables with “ST1” Marking

36.1 Each cable that is surface marked “ST1” in accordance with Iltem m of 40.1 shall ¢o
limits for smoke release and cable damage height stated in the Standard for
Fire-Propagalion and Smoke-Release Test for Electrical and Optical-Fiber Cables, UL 1685

en conductor

mply with the
ertical-Tray
when sets of

specimens ap described in 36.2 are tested in accordance with the FT4/IEEE 3202 flanpe exposures

described in JL 1685 with smoke measurements included.

36.2 The tept specimens shall be of the complete, finished cable, <The test specim
representative of the entire size range that the manufacturer intends.to“produce in each
made. Speciinens for a UL 1685 fire test typically consist of the smallest, largest, and an
diameter thafl the manufacturer intends to produce in each construction made. Where the U
are exceedefl by the smoke released and/or cable damage<height for any set of speci
compliance in tests of additional sets of specimens is required:\o qualify the full size range g
manufacturer,

MANUFACTURING AND PRODUCTION LINE TESTS

37 Spark Test (0 — 2 kV Unshielded Cables)

37.1 Each ipdividual insulated conductek,. before assembly, shall withstand without br

application of the ac spark test voltage\given in Table 37.1.
37.2 Complilnce with the spark testin 37.1 shall be determined with the apparatus in, and i
with, the method described in~Section 900 of the Reference Standard for Electrical Wires

Flexible Cords, UL 1581.

bns shall be
construction
intermediate
L 1685 limits
mens tested,
esired by the

cakdown the

n accordance
Cables, and
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Table 37.1
AC spark test voltage
Cable voltage rating (V)
Conductor S|z.e, AWG or 300 600/1000 2000
kemil
AC Spark test voltage, kV
22-20 1.75 - -
18 - 16 1.75 75 -
14 -10 1.75 75 10.0
8 - 10.0 12.5
6-2 - 10.0 12.5
1} 4/0 - 12.5 15.9
250|— 500 - 15.0 17.5
600 |- 1000 - 17.5 20.p
1250 — 2000 - 20.0 22.5
38 Dielectri¢ Withstand Test on Finished Cable (0 — 2.4 kV Cables)
38.1 Each rgel of finished cable shall be tested and shall successfully withstand for a periodl of 5 min the
high voltage fc test potential given in Table 38.1. The ac potential shall-be applied between the conductor

(or conducto
a metallic shd
without shieldq

38.2 The red
the ac test p
electrode imr

38.3 For cal
withstand tes
together and

38.4 For cab

a) B
all la

b) B

c
L) and the metallic sheath, metallic shield, metallic armor, or water (for those @

ath, metallic shield, or metallic armor). Single conductor cables rated 0 — 2 kV
or armor are not required to be tested.

| of single conductor unshielded cable shallbe immersed in a water tank for at
ptential shall be applied between the insulated conductor and the metal water
nersed in the water in the tank if theank is nonmetallic.

les having from 2 to 5 condugtors, with or without metal sheath or armor,

t shall be applied in turn between each conductor and all other conducto
to the metal covering, if any-

btween all conductors of uneven number in all layers and all conductors of evg
ers;

btween ‘all conductors of even layers and all conductors of uneven layers; and

ables without
manufactured

least 6 h and
tank or other

the dielectric
rs connected

les having more thah.5°conductors, the dielectric withstand test shall be appli¢d as follows:

N number in

c) If

necessary, between the first and the last conductor of each layer having an umeven

number of conductors.
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Table 38.1

High-voltage ac test potentials for Types E90, S100, X90, X100, X100P, X110, X110P, T75, T/N90,

and TPE90 insulation (0 — 2.4 kV cables)

Cable voltage rating, 300 600/1000V 2000 2400 (unshielded)
\"
Conductor size, AWG Test potentials, kV
or kemil
22-19 1.5 15 - -
18 -15 1.5 15 - -
14t0 9 - 3.5 5.5 -
8 10 3 5-6 70 13.0
1 to 4/p - 7.0 8.0 13.0
250 to 450 - 8.0 9.5 13.0
500 to §25 - 8.0 11.5 13.0
535 to 1000 - 10.0 11.5 13.0
over 1 00 - 10.0 11.5 -

38.5 Complignce with the dielectric withstand test shall be determined ‘with the apparat

accordance V|
Optional Opti

39 Insulatio

39.1 Each rg
and metallic
metallic shiel
than the valu
or armor are

39.2 Compliance with the insulation resistance test in 39.1 shall be determined with the app

accordance
Flexible Cord

ith, the method described in the Standard for Electrical Power and Control Tra|
cal-Fiber Members, UL 1277.

h Resistance Test on Finished Cable (0 — 2.4 kV Cables)

bs given in Table 39.1. Single condugtor cables rated 0 — 2.4 kV manufactured

not required to be tested.

vith the method described* in the Reference Standard for Electrical Wires,
s, UL 1581.

39.3 The cufrent shall be measured after a 1 min electrification with a continuous direct-cu

of not less th
a temperatursg
as specified i

n 100 V or more than 500 V, the conductor being negative to ground. If the te
b different frem'15.5°C, the measured value shall be multiplied by the proper co
h Table-39.2.

el of finished cable shall have the insulation resistance measured between eg
heath, metallic shield, metallic armor, ofwater (for those cables without a me¢tallic sheath,
H, or metallic armor) as described in 38:2 — 38.4. The insulation resistance sha

us in, and in
ly Cables with

ch conductor

1ll not be less
without shield

aratus and in
Cables, and

rent potential
st is made at
rection factor
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