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Abstract: This recommended practice is for single or multiconductor cables, with or without metal
armor and/or jacket, and rated 300 V to 35 kV AC (RMS phase-to-phase) or up to 2000 V dc,
intended to be installed aboard marine vessels, fixed and floating offshore facilities, and in
accordance with industry installation standards and the regulations of the authorities having
jurisdiction (AHJ). The recommendations define what is considered good engineering practice
with reference to the reliability and durability of the cable.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing
varied viewpoints and interests to achieve the final product. IEEE Standards are documents developed by
volunteers with scientific, academic, and industry-based expertise in technical working groups. Volunteers
are not necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While
IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant
or represent that the use of the material contained in its standards is free from patent infringement. IEEE
standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by
any other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon
his or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE is the approved IEEE
standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of
interests. For this reason, IEEE and the members of its Societies and Standards Coordinating Committees
are not able to provide an instant response to comments, or questions except in those cases where the matter
has previously been addressed. For the same reason, IEEE does not respond to interpretation requests. Any
person who would like to participate in evaluating comments or in revisions to an IEEE standard is
welcome to join the relevant IEEE working group. You can indicate interest in a working group using the
Interests tab in the Manage Profile & Interests area of the IEEE SA myProject system.! An IEEE Account
is needed to access the application.

Comments on standards should be submitted using the Contact Us form.?

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not constitute compliance to any applicable
regulatory requirements. Implementers of the standard are responsible for observing or referring to the
applicable regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action
that is not in compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

! Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
2 Available at: https:/standards.ieee.org/content/ieee-standards/en/about/contact/index.html.
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Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
to photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE.? For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard
number and year of approval to access the web page of the published standard. Errata links are located
under the Additional Resources Details section. Errata are also available in IEEE Xplore. Users are
encouraged to periodically check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.?

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE SA Website at https://standards.iece.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing

3 Available at: https://ieeexplore.ieee.org/browse/standards/collection/ieee.

4 Available at: https:/standards.ieee.org/standard/index.html.
> Available at: https://standards.iece.org/about/sasb/patcom/materials.html.
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agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities
consider research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, and interference
protection practices and all applicable laws and regulations.
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Introduction

This introduction is not part of IEEE Std 1580-2021, IEEE Recommended Practice for Marine Cable for Use on
Shipboard and Fixed or Floating Facilities.

Prior to 2001, IEEE Std 45™, Recommended Practice for Electrical Installations on Shipboard, was the
standard that addressed the construction, testing, and installation of marine wire and cable for shipboard use
on commercial vessels or military coastal vessels. With the advancement and expansion of new insulation
and jacketing materials, as well as new uses and applications for the cables (for example, offshore oil and
gas drilling and production facilities, variable frequency drives, critical circuits requiring fire resistance,
etc.), it was decided to move the content related to the construction details and testing requirements for
these cables to a standalone document. IEEE Std 1580™, Recommended Practice for Marine Cable for use
on Shipboard and Fixed or Floating Facilities, was first published in 2001. It was subsequently revised in
2010. The second revision incorporated changes in technology and addressed revisions to referenced
standards.

For topics related to the selection and installation of these cables, the user should refer to IEEE Std 45.8™.
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IEEE Recommended Practice for Marine Cable for Use on Shipboard and

Fixed or Floating Facilities

1. Overview

1.1 Scope

This recommended practice is eentains-therequirements for single or multiconductor cables, with or
without metal armor and/or jacket, and rated 300 V to 35 kV ac (RMS phase-to-phase); or up to 2000
V dc, intended to be installed aboard marine vessels, fixed and floating offshore facilities, and in
accordance with industry installation standards and the regulations of the authorities having

jurisdiction (AHJ).

The recommendations define what is considered good engineering practice with reference to the

reliability and durability of the cable.
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1.2 Purpose

IEEE Std 1580™ provides a consensus of recommended practices for the construction and testing of

electrical power, signal, control, data, and specialty marine cable systems on shipboard.

6. Cabl Licat Linstallat;

For cable application and installation guidelines refer to IEEE Std 45.8™ for shipboard applications
and API RP14F or API RP14FZ, as applicable, for fixed and floating offshore facilities andHEEE-Std
45-forshipbeard. Other cables not listed in this document are provided in IEEE Std 45.8, API RP14F,

and API RP14FZand HEEE-Std-45.

1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the

standard and from which no deviation is permitted (shall equals is required to).lf 2

The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).

1 The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe

unavoidable situations.

2 The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.
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1.4 Vessel classification

Marine vessels and offshore facilities are grouped as follows:
— Group 1: Ocean-going vessels that navigate on any ocean, gulf, bay, sound, lake, or river:
— Group 2: Fixed and floating offshore facilities on any ocean, gulf, bay, sound, lake, or river-

These recommendations have been prepared for application to all vessels in group greups 1 and

group 2. Recreational vessels are governed by other standards.
1.5 Cable construction, testing, and certification

Electrical cable should be constructed and tested in accordance with this recommended practice and
referenced industry standards. The cable should be listed or classified by a nationally recognized

testing laboratory (NRTL) in accordance with this recommended practice.
2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,
they must be understood and used, so each referenced document is cited in text and its relationship
to this document is explained). For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments or corrigenda)

applies.

API RP 2A-WSD, Recommended Practice for Planning, Designing and Constructing Fixed Offshore

Platforms—Working Stress Design.§ 1

3 1API publications are available from the Publications-Seetien-American Petroleum Institute, 1200 -Street NW.-Washineten DC
20005-USA (https http://www.api.org/).
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ASTM B3, Standard Specification for Soft or Annealed Copper Wire 42

ASTM B8, Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-
Hard, or Soft.

ASTM B33, Standard Specification for Tinned Soft or Annealed Copper Wire for Electrical Purposes.
ASTM B172, Standard Specification for Rope-Lay-Stranded Copper Conductors Having Bunch-

Stranded Members, for Electrical Conductors.

ASTM B173, Standard Specification for Rope-Lay-Stranded Copper Conductors Having Concentric-

Stranded Members, for Electrical Conductors.

ASTM B174, Standard Specification for Bunch-Stranded Copper Conductors for Electrical
Conductors. ASTM B496, Standard Specification for Compact Round Concentric Lay Stranded

Copper Conductor.

ASTM B784, Standard Specification for Modified Concentric-Lay-Stranded Copper Conductors for

Use in Insulated Electrical Cables

ASTM B787, Standard Specification for 19 Wire Combination Unilay-Stranded Copper Conductors

for Subsequent Insulation

ASTM D470, Standard Methods of Testing Crosslinked Insulations and Jackets for Wire and Cable.

ASTM D4066 Type VIII, Standard Classification System for Nylon Injection and Extrusion Materials

4 2ASTM publications are available from the American Society for Testing and Materials,—300-—Barr—HarborDrive—West
ConshohockenPA 19428 2050 USA (https http://www.astm.org/).
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ICEA P-45-482, Short Circuit Performance of Metallic Shields and Sheaths on Insulated Cables.2 4

ICEA T-24-380, Standard for Partial Discharge Test Procedure.

ICEA T-28-562, Test Method for Measurement of Hot Creep of Polymeric Insulations.

IEC 60068-2-6, Environmental ’ces’rimg.é 4
IEC 60228, Conductors of insulated cables.

[EC 6033111 Tests for-eclectric-cabl et s it Irbosritee

IEC 60331-1 21, Tests for electric cables under fire conditions—Circuity integrity—Part 1: Test

Method for Fire with Shock at a Temperature of at Least 830C for Cables of Rated Voltage up to and

including 0, -6/1, -0 kV_and with an Overall Diameter Exceeding 20mm.

IEC 60331-2, Tests for electric cables under fire conditions —Circuity integrity —Part 2: Test Method

for Fire with Shock at a Temperature of at Least 830C for Cables of Rated Voltage up to and

including 0,6/1,0 KV and with an Overall Diameter Not Exceeding 20mm.

5 ICEA 3CSA publications are available from the Insulated Cable Engineers Canadian-Standards Association (Standards-Sales) 178
Rexdale Blvd-Etobicoke-Ontario-CanadaMIWIR3 (https http://www.icea.org/esa-ca).

6 4IEC publications are available from the Sales-Department-of-the-International Electrotechnical Commission-CasePostale131-3;
rre-deVarembe-CH-I2ZH -Geneve 20-Switserland/Suisse-(https hetp://www iec.chi)- and HiCpublications-are-also-available-in the
United-Statesfrom-the-Sales Department—American National Standards Institute, - West42nd-Street13th-Eloor New—Yorlc NY
10036-USA- (https://www.ansi.org/).
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IEC 60331-3 23, Tests for electric cables under fire conditions— Circuity integrity-Part 3: Test Method

for Fire with Shock at a Temperature of at Least 830C for Cables of Rated Voltage up to and

including 0,6/1,0 KV tested in a metal enclosure Electrie datacable.

IEEE Std 45.8™, IEEE Recommended Practice for Electrical Eleetrie Installations on Shipboard-—

Cable Systems. /> 856

IEEE Std 1202™, IEEE Standard for Flame Propagation Testing of Wire and Cable.

MIL-STD-167-1 (ships), Mechanical Vibrations of Shipboard Equipment.2 7

NEMA WC 53/ICEA T-27-581, Standard Test Methods for Extruded Dielectric Power, Control,

Instrumentation, and Portable Cables for Test.S

NEMA WC 54/ICEA T-26-465, Guide for Frequency of Sampling Extruded Dielectric Power, Control,

Instrumentation, and Portable Cables for Test10g

NEMA WC 57/ICEA S-73-532, Standard for Control, Thermocouple Extension, and Instrumentation
Cables.

7 6The IEEE standards or products referred to in his Clause 2 are trademarks owned by ef The Institute of Electrical and Electronics

Engineers, Incorporated hae.

8 [EEE publications are available from The Institute of Electrical and Electronics Engineers (https://standards.ieee.org/).

2 ZMIL publications are available from the U.S. Department of Custemer-Service; Defense (https://www.dsp.dla.mil/) Printing

10 gNEMA publications are available from the National Electrical Manufacturers Association (https://www.nema.org/) Glebal
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NEMA WC 70/ICEA 5-95-658, Standard for Nonshielded Power Cables Rated 2000 V or Less for the

Distribution of Electrical Energy.

NEMA WC 71/ICEA S-96-659 Standards for Nonshielded Cable Rated 2001-5000 V for use in the

Distribution of Electrical Energy.

NEMA WC 74/ICEA S-93-639, 5-46 kV Shielded Power Cable for Use in the Transmission and

Distribution of Electrical Energy.

NMX-]-451-ANCE/CSA C22.2 No. 38/UL 44, Thermoset-Insulated Wires and Cables. 119

NMX-]-556-ANCE/CSA C22.2 No. 2556/UL 2556, Wire and Cable Test Methods. UL 1072, Medium-

Voltage Power Cables.

UL 1569, Metal-Clad Cables.

UL 1581, Reference Standard for Electrical Wires, Cables, and Flexible Cords.

UL 2196 4685, Standard for Vertical-Tray Fire-Propagation—and-SmekeRelease Test for Circuit
Integrity of Fire-resistive Power, Instrumentation, Control, and Data Eleetrical-and-Optical-Fiber
Cables.

UL 2556, Wire and Cable Test Methods.

UL 2196 T o Fire Rosistive Cables.

Ugy publications standarés are available from Underwriters Laboratories (https:/www.ul.com/) Glebal Engincering Documents;
+5-tnverness ay East; Eﬂg'le“eed/ co 89%24‘64&?#@9%%%, D e .
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3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards

Dictionary Online should be consulted: Glessari-of-Ferms-&Definitions-should-be-refereneed for terms

not defined in this clause. 12 10

alternating current (ac): A periodic current with an average value over a period of time of zero. (The
term refers to a current that reverses at regularly recurring intervals of time and that has alternately

positive and negative values.)

ampacity: The current that a device or cable can carry within specified temperature limitations in a

specified environment.

approved: Acceptable to the authority having jurisdiction (AH]J). Electrical devices, which carry

NRTL approval, are normally acceptable.

bending radius: The minimum inside radius at which a cable can be bent without causing damage

to the cable.

capacitance (capacity): That property of a system of conductors and dielectrics that permits the
storage of electricity when potential differences exist between the conductors. Its value is expressed
as the ratio of a quantity of electricity to a potential difference. A capacitance value is always

positive.

continuous duty: A requirement of service that demands operation at a constant load for an

indefinite period of time.

continuously welded and corrugated metal-clad cable (CWCMC): See: MC cable.

12 49 The IEEE Standards Dictionary: Online Glessariy-ofTerms—&Definitions is available at: http://dictionaryshep.ieee.org/. An IEEE

Account is required for access to the dictionary, and one can be created at no charge on the dictionary sign-in page.
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copper-free or low copper content aluminum: Aluminum alloys containing 0.4% or less copper.
current: The rate of transfer of electricity.

cycle: The complete series of values of a periodic quantity that occurs during a period. (It is one

complete set of positive and negative values of an alternating current.)
derating: Lowering of the cable ampacity.

direct current (dc): A unidirectional current in which the changes in polarity are zero or so small

that they may be neglected. (As ordinarily used, the term designates a nonpulsating current.)

discharge resistant cable: Cable that has been deemed to be highly resistant to corona discharge in
accordance with the requirements of NEMA WC 74, subelauses332-and-9-16,-for discharge resistant

cables.

festooned cable: Flexible cable that is installed in hanging loops to facilitate movement as on a

trolley system used to move cargo or equipment as part of a crane or hoisting device.

flexing, repeated: Items that exceed the average wave motion of one wave every 13 s (4.6 waves per
minute) as defined in API RP 2A-WSD for platforms, or for ships the average revolutions of a ship

propeller times the number of blades on the propeller.

NOTE—The repeated flexing test in 5.17.14 reflects the actual type of incidental motion that the

cable would be subjected to when installed aboard ship with the cable securely fastened at intervals

not exceeding 2 m or installed in a raceway.13 11

frequency: The number of periods occurring in unit time of a periodic quantity, in which time is the

independent variable.
halogen-free: A material with a halogen content of less than 0.2% by weight.
hertz (Hz): The unit of frequency, one cycle per second.

13 11Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the

standard.
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incidental motion: Repeated flexing as listed in Title 46 CFR Subchapter ], clause 111.60-23, and
defined in MC cable with the test in 5.17.14 of IEEE Std 977-2010.

jacket/sheath: a nonmetallic protective covering over the cable core is considered a jacket. When it is

applied over the armor, it is considered a sheath.

marine cable: See: shipboard cable, marine.

medium voltage (MV) cable: Medium voltage cable rated 2.4 kV to 35 kV as defined by UL 1072.

metal-clad (MC) cable: Continuously welded and corrugated metal-clad cable as defined by UL
1569.

movement, excessive: Any motion at less than the bending radius of the cable.

oil-resistant: Ability to withstand exposure to oil.

NOTE—As defined in 5.17.8.

shipboard cable, marine: Armored or unarmored cable constructed in accordance with this

recommended practice, and listed or classified by a nationally recognized testing laboratory (NRTL).

sunlight-resistant: Ability to withstand exposure to direct sunlight as defined by the requirements

in this document and the method in NMX-]-556-ANCE/CSA C22.2 No. 2556/UL 2556, Weather
(sunlight) resistance 1581-Seetion1200-using-a720-h-exposure.

twisting: Cause to rotate around something that remains stationary.

vibration, high: Items that exceed the vibration limitations shown in Table 1.
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Table 1 — Vibration limitations

Frequency range (Hz) Amplitude, mm (in)
4-13 0.763 £ 0.152 (0.030+0.006)
16-25 0.508 £ 0.102 (0.020+0.004)
2633 0.254 £ 0.051 (0.010+0.002)
3440 0.128 £ 0.023 (0.005+0.001)
40-30 0.076 + 0.000 — 0.025(0.003+0.000-0.001)

3.2 Acronyms and abbreviations

AHJ

AWG

CFR

CWCMC

NRTL

authority having jurisdiction

american wire gauge

.  Ghivn;

. Petrol Inst;

code of federal regulations

continuously welded and corrugated metal clad

Canadian Standard -

nationally recognized testing laboratory (as recognized by OSHA)

National Electrical Manué \ _
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e . - onal Saf | Health Adsinicteat

usce United-States Ceast Guard
VFD variable frequency drive

4. Government codes, rules, and regulations

Federal regulatory agencies have established certain requirements for the design, installation, and
operation of facilities in marine applications. These requirements may influence the design,
installation, and operation of the electrical systems. The following codes may pertain to offshore oil

and gas producing operations and should be used when applicable:

a) CFR Title 30, Part 250, Oil and Gas and Sulfur Operation in the Outer Continental Shelf (U.S.

Department of the Interior, Minerals Management Service).
b) CEFR Title 33, Subchapter N, Outer Continental Shelf Activities, Parts 140-147 (USCG).

c) CFR Title 46, Shipping Subchapter I-A, Parts 107-108, Mobile Offshore Drilling Units
(USCG).

d) CFR Title 46, Shipping Subchapter ]. Electrical Engineering, Parts 110-113 (USCG).

5. Cable construction
5.1 Conductors

5.1.1 General

The conductors should be of soft annealed copper wire. All conductors should be tin-coated where

necessary for the application. Solid conductors shall not be used.
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5.1.2 Composition

Conductors should be manufactured in accordance with the most current edition of following:
ASTM B3, B8, B33, B172, B173, B174, B496, B784, B787, or in accordance with IEC 60228 Class 2 or
Class 5.

CAUTION

Care should be taken when mixing IEC and ASTM conductors due to the inherent differences in

conductor construction and resistance values.

Verification of conductor size shall be determined by the maximum dc resistance value given in
Table 10 or Table 11. The nominal cross sectional area of a conductor is also shown in these tables for

reference purposes only and is not a requirement.
5.1.3 Stranding

The construction requirements and nominal resistance of standard Class B concentric conductors
shall be in accordance with Table 10. Compact stranded conductors may not be used in cables rated

0-_V to 2000 V in areas that are subject to vibration or flexing.

Combination stranded, compressed stranded to a reduction in diameter of 3% maximum of

concentric stranded conductors, flexible stranded conductors_such as Classes H, I, K and M, or

conductors as described in Table 11 may be substituted for Class B concentric stranded conductors.
5.14 Separator

Where required to improve ensure free stripping, a suitable separator tape may be applied to the

conductor.

The separator shall be colored or shall be opaque to make the separator clearly distinguishable from
the conductor once the insulation is removed. The color shall be other than copper, silver, green, or

green and yellow and shall be solid, striped, or in some other pattern.
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5.2 Conductor shield

A conductor shield should be used on conductors of cables rated 2001 V or higher.

The conductor shield should be an extruded semiconducting compound to a minimum thickness of
0.305 mm (0.012 in). The semiconducting compound should have an operating temperature equal to
or greater than that of the overlying layer of insulation. It should be firmly bonded to the overlying
layer of insulation with no protrusions into the insulation exceeding 0.254 mm (0.010 in). Protrusions

should be measured in accordance with NEMA WC 53, 3.4, Protrusion and Convolution

Measurement. A semiconducting nonmetallic tape with a minimum thickness of 0.0635 mm (0.0025

in) may be used over the conductor and under the extruded semiconducting layer.

The extruded conductor shield should have a maximum volume resistivity of 1000 +86-666 Q-m (39
370 {)in) at room temperature and at the maximum normal operating temperature of the cable:

when tested in accordance with NEMA WC53 or UL 1072 ..

The extruded conductor shield should meet the following requirements when tested according to

procedure in UL 1072 or NEMA WC 74.
a) Elongation after air oven at 121 + 1 °C (249 + 2 °F) for 168 h, minimum 100%
b) Brittleness temperature, not warmer than —10 °C (14 °F)

For discharge resistant cables the conductor shield shall consist of a nonconducting high permittivity

extruded compound as designated in NEMA WC 74;subelauses3-32-and-9-36.
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5.3 Insulation
5.3.1 General

The insulation should be one of the types shown in Table 2.-Fer5000-V-and-abeve Type E(ER)or

Table 2—Insulation types

Maximum
Insulation-tvpe designation t:::;:'rll;::ﬂ];e

°C (°F)

T PVC Polyvinylchloride 75 (167)
TN PVC/polyamide Polyvinylchloride/nylon 90 (194)
Eb EPR Ethylene propylene rubber 90 (194)
X* XLPE Cross-linked polyethylene 90 (194)
LSE LSEPR Low-smoke, halogen-free ethylene propylene rubber 90 (194)
LSX LSXLPO Low-smoke, halogen-free cross-linked polyolefin 90 (194)
LSS LS-Silicone Low-smoke, halogen-free silicone rubber 100 (212)
53 Silicone Silicone mubber 100 (212)
P XLPO Cross-linked polyolefin 110(230)

a Where specifically listed by an NRTL, Composite Insulation consisting of silicone rubber with a

crosslinked polyolefin outer layer eevering in accordance with Table 15 or Table 17, as applicable, of

UL-44 is acceptable.

b For 5000 V and above, Type E (EP) or Type X (XLPE) meeting UL 1072, may be rated 90 °C or 105
°C.
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5.3.2 Properties

The physical and electrical properties of Type(s) T, T/N, E, X, LSE, LSX, LSS, S, and P insulation
materials should meet the requirements of Table 12, Table 13, or Table 14. The material of the nylon
jacket for Type T/N should additionally meet the requirements of ASTM-D4066 Type VIII. The
manufacturer should perform type tests and periodic testing to ensure insulation materials meet

these requirements.
5.3.3 Thickness of insulation

The insulation thicknesses of 300 V_to —2000 V rated cables shall be in accordance with Table 15 with

the minimum thickness at any point being not less than 90% of the minimum average.

Insulation thicknesses of 2400 V to 2661-35000 V rated cables shall be in accordance with UL 1072-ex
NEMA—WC7Z4. For non-shielded 2.4 kV cables, the insulation and jacket thicknesses shall be in
accordance with those for wet location use. When the fault clearing time exceeds one hour, a 173%

insulation level thickness shall be used.

5.4 Insulation shield (5 kV to -35 kV shielded cable)

Shielded cable rated 5 kV to —35 kV shall contain an insulation shield in accordance with UL 1072.

The insulation shield compound should be free stripping from the underlying insulation. Minimwm

Adhesion requirements, per UL 1072, shall be maintained.

Cables described in 5.18.4, 5.18.6, 5.18.8, and 5.18.9 shall have nonmagnetic metallic shielding.

5.4.1 Rating of metallic shield

When specified by the user, the metallic shield, or combination of metallic shield and grounding
conductors (optional), shall have sufficient cross-sectional area to carry the ground fault current for
the time duration specified. The ICEA P-45-482 method shall be used for calculating the cross-

sectional area.
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5.5 Tapes

Where binder or separator tapes are provided, a polyester film tape or compound-filled tape should
be used. Where a compound-filled tape is used, the tape should be made from fabric treated on one

or both sides with an insulating compound.
5.6 Glass braid

Silicone rubber insulated conductors should be covered with a glass braid with a minimum of 80%

coverage as determined by NMX-]-451-ANCE/CSA C22.2 No. 38/UL 44, Appendix F. The glass

braid, if used, shall be treated with a suitable antifraying coating. The glass braid is not required

optional for silicone insulated cables that meet the IEC 60331 (-1, -2, or -3, as applicable) or UL-2196
. e £] '

5.7 Conductor identification

Conductor identification of distribution and control cables should be printed with alphanumeric
characters on solid colored insulation. Example: “1-ONE,” “2-TWO,” etc., or “1-BLACK,” “2-
WHITE,” etc., per color code in Table 23 22 or Table 24 23. The legend shall be repeated at intervals
not exceeding 8 cm (3 in). The characters shall be clear and legible. Colored insulation may be used

as an alternate.

An insulated conductor functioning as a grounding conductor (normally not a current carrying

conductor) in a distribution system shall be colored green or green with yellow stripe.
Conductor identification of signal cable is as follows:

a) Pairs should contain one black insulated conductor and one white (or red) insulated
conductor. The pair number should be identified on the pair. Pair numbering should be

sequential.
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b) Triads should contain one black insulated conductor, one white insulated conductor, and
one red insulated conductor. The triad number should be identified on the triad. Triad

numbering should be sequential.

¢) Quads should contain one black insulated conductor, one white insulated conductor, one red
insulated conductor, and one green (or blue) insulated conductor. The quad number should

be identified on the quad. Quad numbering should be sequential.

5.8 Equipment grounding conductor (optional)

5.81 Equipment grounding conductors

Cables are manufactured with or without a bare or insulated equipment grounding (or bonding)
conductor. When an insulated equipment grounding (or bonding) conductor is provided, the color
of the insulation shall be green or green with yellow stripes. The insulation shall be of the same
material and, for cables rated 2 kV or less, have the same voltage rating as the circuit conductors.
The minimum size of the grounding conductor shall be in accordance with Table 3. The grounding

conductor (bare or insulated) may be a single conductor or segmented (see 5.8.2 for size limitations).
5.8.2 Segmentation

A grounding conductor smaller than 14 AWG shall not be segmented. A segmented grounding
conductor shall not have any part (segment) smaller than 18 AWG. A copper grounding conductor

shall not be distributed helically (concentric).

5.8.3 Grounding conductors for cables rated 2400 2601 V and higher

Grounding conductors for cables rated 2400 206+ V and higher shall be in accordance with UL 1072.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:25:20 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1580-2021


http://www.avadocuments.com/doc/ieee-1580-2021
http://www.avadocuments.com/doc/ieee-1580-2021

5.8.4 Cables installed in parallel

When cables are installed in parallel, the grounding conductor sizes given in this subclause may not

be adequate.

Table 3 — Grounding conductor sizes (for cables rated 2 kV or less)

Minimum grounding conductor size, AWG

AWG or kemil size of | 75 °C (167 °F) 90 °C (194 °F) 100 °C (212 °F) 110°C (230 °F)
circuit conductors rated conductors | rated conductors | rated conductors rated conductors
20 20 20 20 20
18 18 18 18 18
16 16 16 16 16
14 14 14 14 14
12 12 12 12 12
10 10 10 10 10
8 10 10 8 8
6 8 8 8 8
5 8 8 6 6
New
4 8 6 6 6
3 6 6 6 6
2 6 6 6 6
1 6 6 6 6
1/0 6 6 6 4
2/0 6 4 4 4
3/0 4 4 4 4
40 4 4 3 3
250 4 3 3 3
263 4 3 3 3
313 3 3 3 2
350 3 3 2 2
373 3 2 2 2
444 3 2 1 1
500 2 2 1 1
535 2 2 1 1
646 2 1 1/0 1/0
750 1 1/0 1/0 1/0
777 1 1/0 1/0 1/0
New
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Minimum grounding conductor size, AWG

—X\Q or kemil size of 75°C (167°F) rated 90°C (194°F) rated 100°C (212°F) rAfted

citguit conductors conductors conductors conducto

\20 20 20 29/
\ 18 18 /8
16 \ 16 16 / 16
14 \ 14 14 / 14
12 \ 12 12 // 12
10 \\ 10 10 / 10

E
N
L

[
wn

[B] %) [S]
[S]
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59 Cabling

Conductors, pairs, triads, quads, or groups of conductors should be cabled in concentric layers. Lay

lengths should be in accordance with Table 4.

Table 4 — Cable or unit lay

No. of conductors or units

Maximum lay length

2 conductors or units

30 x individual conductor or umt diameter

3 conductors or units

33 % individual conductor or umt diameter

4 conductors or units

40 x individual conductor or unit diameter

5 or more conductors or units

13 = calculated overall diameter of the outer layer

5.10 Fillers

Fillers should be non-hygroscopic and compatible with other cable components. Fillers may be used,

as necessary, to give the completed cable a substantially circular cross section.

Fillers used in low-smoke, halogen-free cables shall comply with the halogen content requirements

for Type LSE, LSX, and LSS insulations per Table 13.

5.11 Specialty cables

Specialty Speeial cables for specific applications should shall be in accordance with 4.4 24-6 of IEEE

Std 45.8™-2016 2002. Cables covered in Clause 5 may include optical fiber members or other

specialty cables to form a composite cable. Composite cables shall must pass the IEEE Std 1202™

flame test.
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5.12 Shielding

When required, instrumentation and signal cables shall contain shielded components, which may

consist of shielding over single conductors, pairs, triads, groups, and/or the completed cable core.

5.12.1 Individually shielded components and overall shielding

5.12.1.1 Shield types and drains

The shielding should consist of either aluminum/polyester or copper/polyester tape applied helically
with a minimum overlap of 25% with a drain wire or a bare or tin coated copper braid. Where an
aluminum/polyester tape shield is used, a tin coated copper, stranded drain wire should be applied

in contact with the aluminum side.

The size of the drain wire should be no less than two sizes smaller than the circuit conductor size.

The smallest acceptable drain wire size shall be a 22 AWG or 0.32 mm?,

Where a braided tin coated or bare copper shield is used, it should be constructed using a minimum

of 36 AWG wire. The minimum coverage should be 85%.

Individually shielded components shall be isolated from each other. The measured shield-to-shield
insulation resistance shall not be less than 0.305 megohm-km (1.0 megohm-1000 ft) after a one--

minute application of 500 Vdc.
5.12.1.2 Shield identification

Cables with individual and overall shielding should be identified as such in accordance with 5.19.
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5.13 Cable jackets

5.13.1 General

The jacket should be thermoplastic Type T (PVC) or TPO (TPPO), Thermoset Type CP (CSPE), CPE,
N (PCP), P (XLPO) or L (XLPO) complying with the requirements of Table 14, Table 16, or Table 17.

The manufacturer should perform type tests and periodic testing, as recommended by an NRTL, to

ensure to-insure jacket materials meet these requirements. The temperature rating of a jacket may be
less than that of the insulation with the difference in temperature ratings not exceeding 20 45 °C (27

°F).
5.13.2 Thickness of overall jacket

The minimum average thickness of the cable jacket is shown in Table 18. The minimum thickness at
any point should not be less than 80% of the minimum average values shown. For cables armored

with CWCMC, the outer sheath thicknesses should be in accordance with UL 1569.

5.14 Armor

5.14.1 General

Armor should be basket-weave type braid or continuously welded and corrugated metal. The armor

is not to be used as a-shield-er grounding conductor but must be grounded.
5.14.2 Basket-weave armor

The armor should consist of wire laid closely together, flat and parallel, and forming a basket weave
that should firmly grip the cable. The wire should be 0.32 mm diameter +0.01 mm (0.0126 in
diameter +0.0004 in), and should be free from cracks, splits, or other flaws. The wire should be
commercial bronze, aluminum, stainless steel, or tinned copper. The weave should be either the one-
over-one under or the two-over-two under type. The selection of the number of ends per carrier and
the number of carriers per braider should be such as to produce a basket weave with a braid angle

and coverage within the limits shown in Table 5 according to the formulas that follow.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:25:20 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1580-2021


http://www.avadocuments.com/doc/ieee-1580-2021
http://www.avadocuments.com/doc/ieee-1580-2021

Table 5 — Braid angle and coverage

Diameter over jacket

Diameter over jacket

Percent coverage

Braid angle

(mm) (in)
Min Max Min Max
0-15.24 0-0.600 88 94 30 60
15.25-254 0.601-1.000 88 94 35 60
25.41-38.1 1.001-1.500 88 94 40 70
38.11-50.8 1.501-2.000 88 94 45 70
50.81 and larger 2.001 and larger 88 94 50 80

The percent coverage = (2F — F2)100 and

_ NPd

sina

F

where

a is the = angle of braid with axis of cable:

2n DP
tana = ——
C

where

d is the = diameter of individual braid wire (mm)

C is the = number of carriers

D is the = diameter of cable under armor (mm)

N is the = number of wires per carrier

P is the = picks per mm of cable length
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5.14.2.1 Aluminum armor

Aluminum armor braid should be aluminum alloy 5154 or an equivalent alloy having a minimum

tensile strength of 350 N/mm?2 (50000 lbf/inz) and a minimum elongation of 2% in 254 mm (10 in).
An overall sheath is required on cables with an aluminum braid armor when installed in wet

environments.
5.14.2.2 Commercial bronze armor

Commercial bronze armor braid should be annealed 90-10 bronze; Unified Numbering System

UNS) CepperDevelopment-Asseciation{CEDA} alloy number C22000 220.

5.14.2.3 Tin-coated copper armor

Tin-coated copper armor braid should meet the requirements of ASTM B33. An overall sheath is

required on cables with a tin-coated armor.
5.14.2.4 Stainless steel armor

Stainless steel armor braid should be made out of annealed austenitic steel, American Iron and Steel
Institute, AISI steel no. 304, 304L or 316, 316L. The suffix “L” denotes a stainless steel grade with a

carbon content below 0.03%.
5.14.3 Continuously welded and corrugated metal armor

This armor should be a continuously welded and corrugated metal tube in accordance with the
requirements of UL 1569 (Type MC cable). The armor material should be copper free aluminum
alloy (containing no more than 0.4% of copper), commercial bronze, copper, or stainless steel. An
overall sheath is required on cables with a continuously welded and corrugated metal armor of

aluminum or copper.
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5.15 Overall sheath

Where an overall sheath is applied, the sheath material should be in accordance with the
requirements for cable jackets in 5.13. An optional separator may be used over the armor to improve

ensure strippability.
5.16 Dimension and weight tolerances

The dimensional and weight values given in Table B.1 through Table B.16 are for informational
purposes only. As these values vary from manufacturer to manufacturer, a consultation is

recommended with individual manufacturers for specific dimensional and weight values.
5.17 Performance tests on finished cable

Finished cable should be tested in accordance with the requirements shown in Table 6.
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Table 6 — Performance test requirements

Test categories
Test to be performed Type test Pl;u;}zc;:un Routine test
(TTy @sT)b (RT)¢

Insulation (Table 12, Table 13, Table 14. X xb —
and Table 15)

Jacket (Table 16, Table 17, and Table 18) X Xk —
High voltage (5.17.1) — X X
Partial discharge (5.17.2) — — X
Conductor resistance (5.17.3) — — X
Insulation resistance (5.17.4) — — X
Flammabality (5.17.5) X Xe —
Ease of stripping (5.17.6) — X —
Salt water immersion (5.17.7) X — —
Cable immersion in oil (3.17.8) X — —
Pull-through metal plates (5.17.9) X — —
Bending endurance (5.17.10) X — —
Cold bend test (5.17.11) X — —
Cold impact test (5.17.12) (optional) X —_ —_
Vibration (3.17.13) Xt — —
Incidental motion (repeated flexing) XE —_ —_
(5.17.14)

Insulation discharge resistance test X — —
(5.17.15)

a Type tests (TT)—Type tests are the minimum initial testing for a manufacturer to determine
compliance with this recommended practice. TT should be qualified by a third party NRTL as
meeting this recommended practice. Unless otherwise specified, TT should be performed on a 3
conductor 6 AWG cable for power and distribution, 7 conductor 12 or 14 AWG cable for control, and
a 7 or 8 pair 18 AWG for signal cables. Any other cables in their respective cable designation for
distribution, control, or signal that are 23 mm (0.9 in) in diameter or larger may also be considered
representative. This does not relieve the manufacturer from ensuring compliance with the test

requirements for all cable types and sizes.
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b production sample tests (PST)—Production sample tests should be performed at the frequency
established in NEMA WC 54 (ICEA T-26-465). Where no frequency is identified for a particular test
in NEMA WC 54 (ICEA T-26-465), the testing frequency should be determined by the NRTL or as

stated in this document.

€ Routine tests (RT)—Routine tests should be performed on each length of finished cable.

d PST for Sunlight Resistance and mechanical water absorption as related to the jacket/sheath shall

be done at a frequency of every three years.

€ PST for flammability, as related to the insulation/jacket/sheath shall be done at a frequency of

every three years.
F 5This test applies to Type MC (CWCMC) for use in areas of high vibration.
G KThis test applies to Type MC (CWCMC) for use in areas of repeated flexing.

h ipST for smoke, acid gas, and toxicity tests as related to the insulation/jacket/sheath shall be done

at a frequency of every three years.

5.17.1 High-voltage test

Each reel of finished cable should be tested and successfully withstand for a period of five minutes

the high-voltage ac test potential given in Table 19 or Table 20, as applicable. The ac potential should

be applied between conductor (or conductors) and the metallic sheath, metallic shield, metallic
armor, or water, as applicable, as described in 5.17.1.1, 5.17.1.2, 5.17.1.3, or 5.17.1.4. The voltage shall
be applied in accordance with the dielectric voltage-withstand test in NMX-]-556-ANCE/CSA (C22.2

No. 2556/UL 2556 Uk 1581-Seetion-820-4.
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5.17.1.1 Nonshielded or unarmored cable

Each reel of single conductor nonshielded or unarmored cable should be immersed in water for at
least 6 h. The ac test potential should be applied between the insulated conductor and the metal
water tank or other electrode immersed in the water if the tank is nonmetallic. For single conductor
cables, rated 0_V to —2000 V manufactured without shield or armor, the ac spark test requirement-of
U158 —seetion900,-with-thevalues-of Table 20-may be used in lieu of wet tank testing using the
values in Table 21 and in accordance with NMX-]-556-ANCE/CSA C22.2 No. 2556/UL 2556.

5.17.1.2 Shielded or armored cable

For shielded or armored single conductor cables, the voltage tests should be applied between the

conductor and the shield or armor.
5.17.1.3 Cables having 2 to 5 conductors

For cables having from 2 to 5 conductors, with or without metallic armor, the voltage tests should be
applied in turn between each conductor and all other conductors connected together and to the

metal covering, if any.
5.17.1.4 Cables having more than five conductors

For cables having more than five conductors, the voltage test should be applied as follows:

a) Between all conductors of uneven number in all layers and all conductors of even number in

all layers
b) Between all conductors of even layers and all conductors of uneven layers

c) Between the first and last conductors of each layer where there are an uneven number of

conductors
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5.17.2 Partial discharge test

Shielded cables rated 5 kV and higher shall comply with the partial discharge test requirements as
follows. In every length of finished cable, the partial discharge extinction level of each shielded
circuit conductor shall not exceed 5 picocoulombs at the ac test voltage given in Table 20 49. This test

is not applicable to discharge resistant cables. The test shall be carried out in accordance with ICEA

T-24-380, Standard for Partial Discharge Test Procedure.

5.17.3 Conductor resistance test

Conductor resistance should be measured on finished cable in accordance with the procedures

outlined in NMX-]-556-ANCE/CSA C22.2 No. 2556/UL 2556, dc resistance 1581 —secdon—220, and

corrected to 20 °C (68 °F) or 25 °C (77 °F). Maximum resistance values should be in accordance with

the appropriate standards referenced in 5.1.2.
5.17.4 Insulation resistance test (see Annex E for SI metrie version)

Each reel of finished multiconductor cable should have the insulation resistance measured between
each conductor and all other conductors, including other metallic components if present, tied

together.

For shielded single conductor cables, the insulation resistance is measured between the conductor

and shield.

For single conductor cables, rated 0_V_to —2000 V manufactured without shield or armor, the ac
insulationresistance-testis-notrequired-when spark test may be used in lieu tested-aceordingto-the
spark-testrequirement of wet tank testing using UE1581,seetion900,-with-the values in of Table 21
and in accordance with NMX-]-556-ANCE/CSA (C22.2 No. 2556/UL 2556 20-inthis—recommended

practee.
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