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Abstract: Procedures and test values for testing and rating of electrical submersible pump (ESP) 
motors as well as installation and handling practices are specified in this document. The specified 
procedures and test values apply to ESP motor systems rated 3kV through 8kV (phase to phase).
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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 IEEE Societies and subcommittees of IEEE Standards 
Association (IEEE SA) Board of Governors. 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 IEEE Standards documents do not guarantee safety, 
security, health, or environmental protection, or guarantee against interference with or from other devices 
or networks. 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 their 
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.
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Translations

The IEEE consensus balloting 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.

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. Statements made by volunteers may not 
represent the formal position of their employer(s) or affiliation(s).

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 subcommittees of the IEEE SA Board of Governors 
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.1 An IEEE Account is needed to access 
the application.

Comments on standards should be submitted using the Contact Us form.2

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.

1Available at: https://​development​.standards​.ieee​.org/​myproject​-web/​public/​view​.html​#landing.
2Available at: https://​standards​.ieee​.org/​content/​ieee​-standards/​en/​about/​contact/​index​.html.
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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, neither IEEE nor its licensors 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.

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.3 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.4 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.5

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 

3Available at: https://​ieeexplore​.ieee​.org/​browse/​standards/​collection/​ieee.
4Available at: https://​standards​.ieee​.org/​standard/​index​.html.
5Available at: https://​standards​.ieee​.org/​about/​sasb/​patcom/​materials​.html.
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filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE 
SA Website at https://​standards​.ieee​.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 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

Technologies, application of technologies, and recommended procedures in various industries evolve over 
time. The IEEE standards development process allows participants to review developments in industries, 
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard. 
During this evolution, the technologies and recommendations in IEEE standards may be implemented in ways 
not foreseen during the standard’s development. 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 1017.4-2023, IEEE Recommended Practice for Testing and Rating of Electrical 
Submersible Polyphase Induction Motors.

This document, IEEE Std 1017.4 Recommended Practice for Testing and Rating of Electrical Submersible 
Pump Polyphase Induction Motors 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 this document, IEEE Std 1017 Recommended Practice for Testing of Electric Submersible Pump 
Cable (now IEEE Std 1017.1), IEEE Std 1018 Recommended Practice for Specifying Electric Submersible 
Pump Cable—Ethylene-Propylene Rubber Insulation (now IEEE Std 1017.2), and IEEE Std 1019 IEEE 
Recommended Practice for Specifying Electric Submersible Pump Cable—Polypropylene Insulation (now 
IEEE Std 1017.3). 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, construction, and performance requirements. After five years of work, the initial publication of RP 
1017, 1018 and 1019 was completed in 1984. ANSI approval was obtained in 1985.

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

Version 2 (1991) of IEEE Std 1018 and IEEE Std 1019 expanded by 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 IEEE Std 1017 were made.

Version 3 of IEEE Std 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, cable types described in IEEE Std 1018 and IEEE Std 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, 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 8kV rated cables.
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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 6 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. IEEE Std 1017 became IEEE Std 1017.1; IEEE Std 1018 became IEEE Std 1017.2; and 
IEEE Std 1019 became IEEE Std 1017.3. All three RPs were expanded to include 8kV rated cable in addition 
to the 3kV and 5kV historic rated voltages. Additionally, cable sizes were expanded to include #3/0 AWG and 
#4/0 AWG.

IEEE Std 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 feed throughs and downhole connectors 
was added. New tests for qualification of encapsulating materials for non-lead metallic barrier cables with 
encapsulating jacket were also added.

IEEE Std 1017.2 and IEEE Std 1017.3 were modified to remove testing (pulled into IEEE Std 1017.1) and 
were expanded to include non-lead metallic barrier cables (sometimes called tubing encapsulated power 
cable, 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.

IEEE Std 1017.4 was added to the family during the most recent revision and includes testing and rating 
of ESP Polyphase Induction Motors. Currently, the most commonly used electrical submersible motors in 
ESP systems are three-phase two-pole squirrel cage induction motors. Recently, permanent magnet motors 
(PMMs) have been commercially introduced into the ESP industry. In its current version, IEEE Std 1017.4 
deals only with polyphase induction motors and excludes guidance on PMMs. This is in no way intended to 
limit or exclude the use of PMMs, or potentially other motor technologies, for ESP applications.

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 rating and testing of motors. 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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1.  Overview

1.1  Scope

This document specifies procedures and test values for testing and rating of electrical submersible pump (ESP) 
motors as well as installation and handling practices. The specified procedures and test values apply to ESP 
motor systems rated 3kV through 8kV (phase to phase).

1.2  Purpose

The purpose of this recommended practices is as follows:

—	 Provide guidelines for performing ESP motor tests.

—	 Provide guidance for rating ESP motors.

—	 Provide guidelines for the evaluation and interpretation of test results.

—	 Define terms that have a specific meaning in the recommended practice

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).6,7

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).

6The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe 
unavoidable situations.
7The 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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The word can is used for statements of possibility and capability, whether material, physical, or causal (can 
equals is able to).

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.

ASTM D877, Standard Test Method for Dielectric Breakdown Voltage of Insulating Liguids using Disk 
Electrodes.

ASTM D1816, Standard Test Method for Dielectric Breakdown Voltage of Insulating Oils of Petroleum 
Origin.

IEEE Std 1™, IEEE Recommended Practice – General Principles for Temperature Limits in the Rating of 
Electrical Equipment and for the Evaluation of Electrical Insulation.8,9

IEEE Std 43™, IEEE Recommended Practice for Testing Insulation Resistance of Elecctric Machinery.

IEEE Std 112™ IEEE Standard Test Procedure for Polyphase Induction Motors and Generators.

IEEE Std 118™-1978, IEEE Standard Test Code for Resistance Measurement.

IEEE Std 119™-1974, IEEE Recommended Practice for General Principles of Temperature Measurement as 
Applied to Electrical Apparatus.

IEEE Std 120™, IEEE Master Guide for Electrical Measurements in Power Circuits.

IEEE 522™, IEEE Guide for Testing Turn Insulation of Form-Wound Stator Coils for Alternating-Current 
Electric Machines.

ISO 15511, Petroleum and Natural Gas Industries—Drilling and Production Equipment—Part 1: Electric 
Submersible Pump Systems for Artificial Lift.10

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. 11

acceleration (a): A vector quantity that specifies the time rate of change of velocity, both linear and angular. 
Common units are in/sec2 (m/sec2) and radians/sec2.

adjustable speed drive (ASD): Surface power electronics equipment used to control the downhole motor 
speed directly or indirectly.

amplitude: The maximum value of a periodic quantity.

8IEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., (https://​standards​.ieee​.org/​).
9The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
10ISO publications are available from the International Organization for Standardization (https://​www​.iso​.org/​) and the American 
National Standards Institute (https://​www​.ansi​.org/​).
11IEEE Standards Dictionary Online subscription is available at: http://​dictionary​.ieee​.org.
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