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Abstract: Minimum requirements for the design, construction, manufacturing, testing, purchasing, 
and application of electric submersible pump (ESP) cable are presented. The cable is round or 
flat, with ethylene–propylene rubber insulation, nitrile jacket, ethylene–propylene diene monomer 
(EPDM) jacket or metallic barrier, and armor or encapsulating material. These cables are for 
voltages not exceeding 8 kV (phase to phase) and conductor temperatures not exceeding 140 °C 
(284 °F) for nitrile or a maximum of 232 °C (450 °F) for EPDM jacket or metallic barrier cable. 
Conductors, insulation, barrier (optional), assembly with or without jacket, armor, requirements for 
testing by the manufacturer, and cable ampacity are all covered in the document.

Keywords: ampacity ratings, assembly, cable construction, cable testing, electric submersible 
pump, EPDM, EPR, ESP, ESP cable, ethylene–propylene diene monomer, ethylene–propylene 
rubber, IEEE 1017.2™, IEEE 1018™, submersible pump 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 
and 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.

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.

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.
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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.

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  1017.2–2021, IEEE Recommended Practice for Specifying Electric 
Submersible Pump Cable—Ethylene–Propylene Rubber Insulation.

This document is part of the IEEE  1017 family of Electric Submersible Pump (ESP) documents. The 
IEEE 1017 family of documents originally included three recommended practices (RPs) including RP 1017 
(now IEEE Std 1017.1™), RP 1018 (now IEEE Std 1017.2™ [B7]), and RP 1019 (now IEEE Std 1017.3™ 
[B8]).1 These three RPs were the first standards sponsored by the Petroleum and Chemical Industry Committee 
of the IEEE Industry Applications Society.

Work began on the ESP standards in 1979. At that time, the typical life of ESP cables was significantly less 
than one year. Less than five vendors manufactured all ESP cable in the world. Each manufacturer used 
proprietary guidelines, as well as construction and performance requirements. After five years of work, the 
initial publication of RP 1017, RP 1018, and RP 1019 was completed in 1984. ANSI approval was obtained in 
1985.

The original RPs focused on specifications for polypropylene cable (RP 1019). This was followed by the 
specifications for a relatively new insulation material EPDM (RP 1018). During this process, it became clear 
that a document outlining field testing of the cable was required. This grew into RP 1017. The voltage rating of 
the cables was limited to 3 kV and 5 kV. Testing was limited to dc hi-pot testing and a dc voltage withstand test.

Version 2 (1991) of RP 1018 and RP 1019 expanded with the addition of ampacity curves based on the Neher-
McGrath method. The Neher-McGrath calculations were modified to make them specifically applicable to the 
downhole conditions experienced by the cables. No significant changes to the testing requirements contained 
in 1017 were made.

Version 3 of RP 1017 (2004) included the addition of general descriptions of new testing procedures including 
time domain reflectometers (TDRs), thumpers, bridge type fault locators, and dc burn in. Also included was a 
major improvement in the interpretation of dc hi-pot testing results, including methods for predicting failure of 
the cables without overstressing and destroying the insulation.

By the 2004 version, the cable types described in RP 1018 and RP 1019 included four types: round, round with 
lead sheath, flat and flat with lead sheath.

Prior to the 2004 version, all values in the ESP cable standards were based on the United States Customary 
System (USCS, or English Engineering Units). Due to increased globalization of IEEE standards, the IEEE 
Standards Association (SA) had a requirement that all published documents use SI units exclusively. The 
market for ESP cable standards deals almost exclusively in USCS units, so the drafts were rejected by the 
ballot groups. Members of the ballot group threatened to withhold approval of the IEEE RPs and move the 
work to other standards development organizations. This led the working group to petition the SA Standards 
Board (SASB) to include dual units, SI and USCS. The SASB approved the dual unit request and made a 
change to IEEE SA policy to allow dual units in all IEEE standards.

Version 4 (2013) of the RPs primarily involved editorial cleanup and verification of table values. Discussion 
began on advanced test methods, but these test methods were not included in this version. Discussions also 
began on inclusion of 8 kV rated cables.

The current version of the IEEE 1017 family of RPs (version 5) contains the most significant modifications 
to the RPs in their 40-year history. Version 5 includes greatly expanded content and a complete revamp of 
the group of RPs. The first major modification was renumbering of the RPs to emphasize the continuity of 
the standards as a group. RP 1017 became RP 1017.1, RP 1018 became RP 1017.2, and RP 1019 became RP 

1The numbers in brackets correspond to those of the bibliography in Annex C.
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1017.3. All three RPs were expanded to include 8 kV rated cable in addition to the 3 kV and 5 kV historic rated 
voltages. Additionally, cable sizes were expanded to include #3/0 AWG and #4/0 AWG.

RP 1017.1 was expanded to include all testing: factory, acceptance, and field testing. Additionally, advanced 
test methods including very low frequency tan-delta (VLF tan-delta) and partial discharge (PD) were included, 
along with interpretation guidance. Testing for surface feedthroughs and downhole connectors was added. 
New tests for qualification of encapsulating materials for non-lead metallic barrier cables with encapsulating 
jacket were also added.

RP 1017.2 and RP 1017.3 were modified to remove testing (pulled into RP 1017.1) and were expanded to 
include non-lead metallic barrier cables (sometimes called “tubing encapsulated power cable” or “TEPC”). 
The insulating and jacket material specifications were expanded to include reinforced high modulus materials. 
Finally, the Neher-McGrath curves were updated to correct an error and to make them more readable and 
usable.

This recommended practice, under the jurisdiction of the Petroleum and Chemical Industry Committee of the 
IEEE Industry Applications Society, may be used by anyone desiring to do so and is presented as minimum 
criteria for installation and field testing of this class of submersible cable. It is not intended to restrict innovation 
or to limit development of improvements in cable design. Every effort has been made to assure the accuracy 
and reliability of the data contained herein. However, the committee makes no representation, warranty, or 
guarantee in connection with the publication of this recommended practice and hereby expressly disclaims 
any liability or responsibility for loss or damage resulting from its use, for any conflict, or for the infringement 
of any patent resulting from the use of this recommended practice.
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IEEE Recommended Practice for 

Specifying Electric Submersible 

Pump Cable—Ethylene– 

Propylene Rubber Insulation 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or 

environmental protection, or ensure against interference with or from other devices or networks. 

Implementers 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. 

This IEEE document is made available for use subject to important notices and legal disclaimers. 

These notices and disclaimers appear in all publications containing this document and may be 

found under the heading “Important Notice” or “Important Notices and Disclaimers Concerning 

IEEE Documents.” They can also be obtained on request from IEEE or viewed at 

http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This recommended practice establishes recommendations for three-conductor round and flat oil-

well cables consisting of ethylene–propylene rubber (EPR) insulated copper conductors used in 

supplying three-phase ac electric power to submersible pump motors. These The three major cables 

may also include additional coverings consisting of wraps, metallic armor or barriers, and/or 

nonmetallic jackets or sheaths selected on the basis of mechanical and environmental conditions. by 

components are as follows: 
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a) Cables with copper conductors, ethylene-propylene diene monomer (EPDM) insulation, 

nitrile jacket, and metallic armor 

b) Cables with copper conductors, EPDM insulation, EPDM jacket, and metallic armor 

c) Cables with copper conductors, EPDM insulation, lead sheath, and metallic armor 

1.2 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).
2,3 

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). 

1.3 Specifications and standards 

Cables meeting the requirements of the recommended practice should be rated for voltages not 

exceeding 8 3 kV or 5 kV (phase to phase). 

 

 

 

2
The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe 

unavoidable situations. 

3
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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Conductor operating temperatures for cables should not exceed 232 °C (450 °F). Use of cable above 

rated temperature can cause premature deterioration of the insulation. Low-temperature handling 

below –10 °C (14 °F) may cause cracking of the insulation or jacket. 

Cable purchased under the recommendation of this recommended practice, unless otherwise 

specified herein, should meet the requirements of ASTM A90, ASTM B3, ASTM B8, ASTM B33, 

ASTM B189, ASTM B496, ASTM D412, ANSI/ICEA S‐96‐659 and ANSI /NEMA WC71, /ICEA S-19 

96–81/NEMA WC3, and ICEA S-61–402/ NEMA WC5, where applicable.
41

 

1.4 Application considerations 

While operating temperature is the main factor in selecting the type of insulation to be used, there 

are many other factors that should be considered when choosing an appropriate electric submersible 

pump (ESP) cable design. Conductor size, insulation thickness, types of barriers or braids, jacket 

material, cable geometry, armor material, and thickness should all be chosen with respect to specific 

well and operational factors, including but not limited to the following: 

—  The economic impact of conductor size selection. 

—  Anticipated life expectancy of various cable options in specific well conditions. 

—  Start-up current and maximum voltage drop to ensure assure motor starting capability. 

—  Voltage rating to optimize cable and system run life. 

—  The projected heat rise due to voltage imbalance. 

—  Available space between the tubing and the casing. 

—  The amount and type of gas in the well. 

—  Corrosiveness of the well environment. 

 

41
Information on references can be found in Clause 2. Some standards have been superseded and are no longer active. 
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—  The effect of any corrosion inhibitors or other chemical additives on insulation properties. 

—  The type of annulus fluid surrounding the cable when it is set above a packer. 

—  The rate and frequency of decompression cycles. 

—  The magnitude and frequency of temperature cycles. 

—  Crane pick weight capacity in offshore applications. 

—  Future uses for the cable beyond the well under consideration 

—  Inclusion of chemical injection or communication lines in the cable. 

—  Wellbore trajectory. 

—  Clamping and banding methods. 

—  Adjustable speed drive (ASD) harmonics that can add electrical and thermal stress to the 

cable. 

—  Considerations for thermal expansion of tubing encapsulated power cable (TEPC): 

 —  Size and stiffness of the ESP cable may create safety concerns for standard well cable 

cutting tools that might not be adequate for the task under emergency (e.g., rig blow 

out) conditions. 

 —  There is potential for trapped pressure inside the metal barrier when coming out of well. 

 —  The potential for damaging floating shield currents with encapsulation, no armor and 

the three conductor barriers isolated. 
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Because there are so many considerations are involved in making the proper cable selection, it is 

very important for the operator to engage the assistance of its supplier’s cable application engineers 

during the cable selection process. Each manufacturer has extensive experience with all the features 

and benefits of theirits particular cable offerings, and its input can be invaluable in choosing the 

proper cable to help maximize the value of cable investments. API 11S3 [B1] and API RP 11S5 [B3] 

contain information regarding the installation and application of submersible pump cable. 

CAUTION 

For nonlead metallic barrier cables encapsulated in polymer, ensure that the metallic barriers are 

bonded together and effectively grounded at both ends. This reduces the risk of voltage buildup 

on the isolated conductive surfaces. 

NOTE—While this recommended practice recognizes the common practice of continuing to operate 

the pump’s electrical system after a phase has faulted to ground and that some power distribution 

systems are even designed with one corner of the delta system grounded, it neither condones nor 

disapproves of such practice. However, the user should be aware that such operation produces a 

higher than normal phase-to-ground voltage across the insulation jacket dielectric of the two 

ungrounded conductors. Due to the disruption of the normally balanced three-phase fields, such 

operation produces stresses through the insulation/jacket dielectric which shortens cable life.
5
 

CAUTION 

Cable used on the surface between the wellhead and the ventilated junction box should be buried 

or enclosed in appropriate raceway and shall be properly grounded. 

 

 

5
Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to 

implement this standard. 

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 05:03:51 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1017.2-2021

http://www.avadocuments.com/doc/ieee-1017-2-2021
http://www.avadocuments.com/doc/ieee-1017-2-2021


 

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. 

ANSI/NEMA WC 71/ICEA S-96-659, Standard for Nonshielded Cables Rated 2001—5000 Volts for 

Use in the Distribution of Electric Energy.
 6
 2

 

ASTM A90, Standard Test Method for Weight [Mass] of Coating on Iron and Steel Articles with Zinc 

or Zinc-Alloy Coatings.
 7
 4 

ASTM B3, Standard Specification for Soft or Annealed Copper Wire. 

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 B189, Standard Specification for Lead-Coated and Lead-Alloy-Coated Soft Copper Wire for 

Electrical Purposes. 

ASTM B496, Standard Specification for Compact Round Concentric-Lay-Stranded Copper 

Conductors. 

 

6
ANSI publications are available from the American National Standards Institute (https://www.ansi.org/). NEMA publications are 

available from the National Electrical Manufacturers Association (https://www.nema.org/). 

2 ICEA publications are available from ICEA, P.O. Box 20048, Minneapolis, MN 55420, USA (http://www.icea.org/). 

74ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West 

Conshohocken, PA 19428-2959, USA (https://www.astm.org/). 
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ASTM D412, Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers—

Tension. 

ICEA S-19-81/NEMA WC3, Rubber Insulated Wire and Cable.
8 

ICEA S-61-402/NEMA WC5, Thermoplastic-Insulated Wire and Cable. 

IEEE Std 1017™, IEEE Recommended Practice for Field Testing Electric Submersible Pump Cable.
5, 6

 

3. Definitions 

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

Dictionary Online should be consulted for terms not defined in this clause.
9 

cable tensile strength: The strength of the cable is determined by the strength of the conductors. The 

other components of the cable can be eliminated as strength members. The cables are not designed 

to be used as a pulling device for components such as packers, seals, pumps, and motors. 

NOTE—For additional discussion and calculations, refer to 11.1. 

copper coating: Metal coatings such as lead or tin alloys are used on copper wires for many reasons. 

These reasons include annealing the copper during manufacture, preventing sulfur-cured 

compounds from bonding to the copper, mitigating copper corrosion from sulfur-bearing 

compounds, and inhibiting propylene from decomposition. 

elongation: The percent change in length for a given length. 

ethylene–propylene diene monomer (EPDM): Terpolymer of ethylene, propylene, and a diene with 

the residual unsaturated portion of the diene in the side chain. 

 

8
ICEA publications are available from the Insulated Cable Engineers Association (https://www.icea.org/). 

9
 IEEE Standards Dictionary Online is available at: http://dictionary.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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ethylene–propylene monomer (EPM): Comprises copolymers of ethylene and propylene. 

ethylene–propylene rubber (EPR): Used as a generic term to define ethylene–propylene monomer 

(EPM) or ethylene–propylene diene monomer (EPDM) insulation. 

hoop strength: It is A measure of the tangential resistance to radial expansion. As internal gas 

pressure pushes in a radial direction, it creates a tendency for the surface of the insulation and jacket 

to elongate and rupture in a tangential direction. The hoop strength resists this tendency and can be 

aided by additional wraps applied over the round components. 

imbalance: Voltage and current in three-phase system normally are equal but with slight changes in 

impedance in each phase; these can vary slightly from nominal values. Imbalance is the difference in 

voltage and current between the three phases of a cable system due to the impedance differences. 

compounds modulus (of a compound): A relative measure of the force achieved at a given 

elongation of the material. It is normally recorded as a stress (megapascal or pound-force per square 

inch) at the given percent elongation. A lower modulus material has more of a tendency to give 

before breaking, that is, less resistance to expansion. 

shunt admittance: The reciprocal of impedance, with the units “Siemens” (S). 

NOTE—As used in this recommended practice, shunt admittance is a measure of leakage 

conductance to ground through the cable insulation. 

tensile strength: The tensile stress required to break the item. 

tensile stress: The elongating force exerted per unit area. 

toughness factor: It is a measure of material performance under duress. It measures the ability of a 

material to withstand energy input over a unit of time. The toughness of a material equals one half 

the product of the material’s tensile strength and elongation ratings. For the same toughness factor, a 

more brittle material will have greater tensile strength and less elongation, whereas a more gummy 

material will have less tensile strength and more elongation. 
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transpositional splice: Splice where two of the thru conductors in a flat cable are swapped while the 

third conductor is left as-is. This can help alleviate imbalance in the cable impedance. 

ultimate elongation: The percent change in length at rupture. 

voltage stress: It may be thought of as the electrical pressure being applied to the insulation in an 

effort to burst through the material and short to ground. It could be thought of as analogous to 

water pressure in a pipe, where the higher the pressure, the harder it tries to burst through. For an 

electrical insulation material, the resistance to bursting through is known as the dielectric 

breakdown strength. It is usually expressed in terms of volts/millimeter (or volts/mil) required to 

puncture a sample of known thickness. 

NOTE—For additional discussion and calculations, refer to 11.1. 

4. Conductors 

4.1 Material 

Conductors should be annealed, coated or uncoated, copper in accordance with ASTM B3 for 

uncoated conductors, in accordance with ASTM B33 for tin-coated conductors, or in accordance with 

ASTM B189 for lead or lead-alloy coated conductors. 

4.2 Construction 

Conductors should be solid or concentric-stranded as shown in Table 1 and Table 2. Concentric-

stranded conductors should conform to ASTM B8, or when compact round conductors are used, 

they should conform to ASTM B496, with diameters nominally 92% of corresponding noncompact 

conductors. When stranded products are used, the interstices should be filled for gas blockage. 
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Table 1—Conductor characteristics (metric units) 

 

(New) 

 

 
(Deleted) 

Table 1—Conductor characteristics (metric units) (continued) 

 

(New) 

a
Coated refers to tin, lead, or lead alloy. 
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Table 2—Conductor characteristics (inch-pound units) 

 

(New) 

 

 

 

 

(Deleted) 

a
Coated refers to tin, lead, or lead alloy. 
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3.3 Conductivity 

Table 1 and Table 2 represent the nominal conductor direct current resistance at 25 °C (77 ºF). For 

single conductor and flat parallel-lay cable, the resistance should not exceed 102% of the appropriate 

value in Table 1 or Table 2. For twisted assemblies of three cables, the resistance should not exceed 

104% of the appropriate value in Table 1 or Table 2. 

5. Insulation 

5.1 Material 

Insulation should be constructed of ethylene–propylene rubber that meets the properties shown in 

Table 3 when tested in accordance with applicable portions of ANSI/NEMA WC 71/ICEA S-96-659. 

Table 3—Ethylene–propylene properties
a7 

 

Table 3—Ethylene–propylene properties
a 
(continued) 

 

7 For special-purpose compound designs (e.g. High Modulus compounds), deviations from the 

tabulated tensile and elongation minimum can be made, and should be as agreed upon between 

customer and supplier. 

a8
For special-purpose compound designs (e.g., high modulus compounds), deviations from the 

tabulated tensile and elongation minimum can be made and should be as agreed upon between 

customer and supplier. 
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5.2 Gas blockage for stranded conductors 

A 30 -cm (12 -in) specimen of insulated conductor removed from finished cable should be subjected 

to a 0.03- MPa (5 -psi) differential air pressure for a period of 1 h at 25 °C (77 °F). The sample ends 

should be cut off flush with a fine-toothed saw blade, and one end of the sample should have a short 

section of clear flexible plastic tubing slid over the insulation to enable the specimen to be 

pressurized. The tubing should be attached in place with a small hose clamp [minimum width of 

binding collar equals = 6.4 mm (0.250 in)]. The clamp should be tightened with minimum torque to 

prevent leakage. The opposite end of the sample should be left submerged in water. No air bubbles 

should be detected at the submerged end of the cable during the test period. 

5.3 Construction 

The insulation should be extruded on the conductor with thicknesses as specified in 5.3.1 and 5.3.2. 

5.3.1 Cable without metallic barrier 

4.3.1 Non lead sheath product 

For 3 -kV rated cable, average insulation wall thickness should be 1.9 mm (0.075 in) or more. The 

insulation minimum wall thickness should not be less than 1.7 mm (0.068 in) at any point. For 5 -kV 

rated cable, the insulation average wall thickness should be 2.3 mm (0.090 in) or more. The 

insulation minimum wall thickness should not be less than 2.1 mm (0.081 in) at any point. For 8 kV 

rated cable, the insulation average wall thickness should be 2.92 mm (115 mil). The insulation wall 

thickness should not be less than 2.63 mm (0.104 in) at any point. 
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5.3.2 Cable with metallic barrier 

4.3.2 Lead sheath product 

For 5 -kV rated cable, the insulation average wall thickness should be 1.9 mm (0.075 in) or more. The 

insulation minimum wall thickness should not be less than 1.7 mm (0.068 in) at any point. For 8 kV 

rated systems, average wall thickness should be 2.29 mm (90 mil) or more. The insulation minimum 

wall thickness should not be less than 2.06 mm (0.081 in). Considerations other than voltage stress 

impact the thickness of insulation. 

6. Barrier (optional) 

6.1 Material 

At the option of the purchaser, each insulated conductor could have additional constraining 

coverings used for fluid protection and hoop strength. These additional coverings may be extruded 

fluoropolymers, wrapped tapes, or tape and woven braid. 

6.2 Flat cable with lead sheath 

For flat cable with lead sheath, each insulated conductor should have a lead sheath extruded over 

the insulation. The average wall thickness should be 1.0 mm (0.040 in), with a minimum thickness of 

0.8 mm (0.032 in). 

6.3 Flat cable with metallic (nonlead) barrier 

For flat cable with metallic (nonlead) barrier, each insulated conductor should have a seam-welded 

metallic tubing applied over the insulation. The thickness of the metallic sheath may vary from 0.5 

mm (0.029 in) to 2.5 mm (0.099 in), dependent on the metal used and the specific application 

requirements. 
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