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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances,
local, state, and federal laws and regulations should be reviewed. The use of API publications is voluntary.
In some cases, third parties or authorities having jurisdiction may choose to incorporate API standards by
reference and may mandate compliance.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make
any warranty or representation, either express or implied, with respect to the accuracy, completeness, or
usefulness of the information contained herein, or assume any liability or responsibility for any use, or the
results of such use, of any information or process disclosed in this publication. Neither API nor any nf API’s
employees, subcontractors, consultants, or other assignees represent that use of this publication <ou:d not
infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made b the 'nstitute to
ensure the accuracy and reliability of the data contained in them; however, the Institu.2 makes no
representation, warranty, or guarantee in connection with this publication and hereby « xpressly disclaims
any liability or responsibility for loss or damage resulting from its use or for the violai~n of any authorities
having jurisdiction with which this publication may conflict.

API publications are published to facilitate the broad availability of proven, t2unu =ngineering and operating
practices. These publications are not intended to obviate the need for applying seund engineering judgment
regarding when and where these publications should be used. The formulation and publication of API
publications is not intended in any way to inhibit anyone from using a.\ ‘2ther practices.

Information concerning safety and health risks and proper precactior s with respect to particular materials
and conditions should be obtained from the employer, the 1..anufacturer or supplier of that material, or the
material safety data sheet.

Where applicable, authorities having jurisdiction should be consulted.

Work sites and equipment operations may diffe:..lLsers are solely responsible for assessing their specific
equipment and premises in determining the a1 opriateness of applying the recommended practice. At all
times users should employ sound business- scientific, engineering, and judgment safety when using this
recommended practice.

API is not undertaking to meet the (1 =s of employers, manufacturers, or suppliers to warn and properly
train and equip their employee,, #.1d others exposed, concerning health and safety risks and precautions,
nor undertaking their obligat'ons to.comply with authorities having jurisdiction.

Any manufacturer mar!-'ng « quipment or materials in conformance with the marking requirements of an API
standard is solely respor.>ikie for complying with all the applicable requirements of that standard. APl does
not represent, we:.ant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise, without prior written
permission from the publisher. Contact the publisher, API Publishing Services, 200 Massachusetts Avenue, NW,
Suite 1100, Washington, DC 20001.

Copyright © 2022 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise,
for the manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither
should anything contained in the publication be construed as insuring anyone against liability for
infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.
Shall: As used in a standard, “shall’ denotes a minimum requirement in order to conform to the standard

Should: As used in a standard, “should” denotes a recommendation or that which is advised but nc* req; lired
in order to conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits -7 a .taridard.
Can: As used in a standard, “can” denotes a statement of possibility or capability.

This document was produced under API standardization procedures that ensure <nproj riate notification
and participation in the developmental process and is designated as an API stande.-d. ‘4uestions concerning
the interpretation of the content of this publication or comments and ques.’< ns «oncerning the procedures
under which this publication was developed should be directed in writing .~ -*1e Director of Standards,
American Petroleum Institute, 200 Massachusetts Avenue, NW; Su te 1100, Washington, DC 20001.
Requests for permission to reproduce or translate all or any part of :* c-:2aterial published herein should
also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirme.. o1 withdrawn at least every five years. A one-
time extension of up to two years may be added to this review cycio. Status of the publication can be ascertained
from the API Standards Department, telephone (202) 68 -80( 0. A catalog of API publications and materials
is published annually by API, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be ¢ uhraitted to the Standards Department, API, 200
Massachusetts Avenue, NW, Suite 1100, Washir.gton, DC 20001, standards@api.org.
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Introduction

In electrical submersible pump (ESP) systems, two motor technologies provide power to the pump: the AC
induction motor (IM) and the permanent magnet motor (PMM). The IM has been the industry standard since
1916. It evolved over time with many improvements and is a mature technology in 2021. PMM, a younger
technology originating in the 1990s, also evolved in the early 2000s and has gained global commercial
acceptance since 2010. PMM requires more precautions due to the construction and physics of the motor
and how it generates voltage. Figure 1 provides a brief comparison of the two motor technologies.

Induction Motor

;"Fp—— Rator Bars
| =
— Rotor Laminations

Vamish
Encapsulation

PFA 5ot Liner Clased-slot Stator

Laminations

Rotor constructed using copper bars short-circuited by two
copper end rings

Raotor magnetic field is generated by current induced
in the {ratar) copper bars

Rotatng magnefic field created in the stator when altemating
currant is applied to non-rotating stator windings

Interaction of the rator magnetc field and (rotating) stator
magnetic field results in:

redor tarque
- slip

No special VS0 control algonthm required

Permanent Magnet Motor

Rator Larminations
Sta, v Larmnations

Pe: nanent Mugnets
Shaft “E

» Rolor constructed to include ~erme . nt r.agnets
made from hard-si~ter . . ~re-w_ L1metals

+ (Constant] Rotor magn. = .o created
by preserce of permanent magnets

« Rofatins —ag. *ic field created in the stator when alternating
~urrer 'is ap; bed to non-retaling stator windings

+ 'nter. “tion of the rotor magnetic fisld and (rotating) slator
e ~netic field results in;
ratar forgue

«  Special control algorthm reguired

Figure 1—Comparisnn “r Ir duction and Permanent Magnet Motors

In both IM and PMM, the ability to p=rfcrm work arises from the torque produced by a rotating shaft resulting
from the attraction of rotating el=c.-omagnetic poles in the stator to corresponding opposite magnetic poles
in the rotating rotor. It is the se ~uer ce of three-phase currents flowing through the stator windings, which
creates the rotating stator m.»gnetic poles, although the physical stator itself is stationary. The poles on the
rotor are created in func'an 2nuilly different ways.

— Inthe case of the IM, *he stator magnetic field rotating relative to the rotor induces an opposing current
in the rotor. wi.'zh in effect acts like secondary windings, much like a transformer. This rotor current
creates c¢lec.'omagnetic poles on the rotor. This current consumes a significant amount of energy and
is a major .aurce of the IM efficiency losses.

— “ Aiirnuah the PMM has many of the same contributors to loss of efficiency (such as windage and stator
core lo. ses), the rotors do not require additional magnetization as they are already magnetized per
the specifics of their design and the use of permanent magnets. Due to this elimination of a large
source of waste power consumption, the PMM can run much more efficiently than the IM.

OUne of the implications of this is that the PMM will typically have a much lower idle current than the IM.
Whereas an IM may have an idle current of around 35-45 % of the nameplate rating when operating at
nameplate voltage, the PMM may have only around 5-10 % of the nameplate current. Exact details of PMM
design will vary between suppliers.
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In both IM and PMM, the poles on the rotating rotor cause an internal voltage to be generated in the stator
winding, known as the electromotive force (EMF). In an IM, if the shaft rotates while the motor is
disconnected from any external power source, only the residual magnetic field in the steel laminations is
available to generate EMF. In most applications, this residual magnetism will be negligible such that there
is no hazardous level of EMF generated, although it is known for back-spinning IMs to generate hazardous
voltage. However, EMF will be generated in a PMM any time that the shaft is rotated as the rotor poles,
which are magnetically strong, are always present. This EMF will be proportional to the shaft rotational
speed regardless of the direction of rotation.

In a conventional well application (oil, gas, water, utility), well fluids moving up the casing-tubing annulus
(kick or annular injection) or down the tubing (draining or injection through the production tubing) and thern
through the pump can cause the shaft to rotate, and thus the PMM to generate EMF. The faster th= rcation,
the higher the generated voltage that can lead to various electrical hazards, shock, burns, or arc fic sh.

Despite the EMF associated with PMM technology, their benefits in energy and CO, sa'iingc.anu higher

power density cannot be ignored. With proper organizational capability and operational e. =ellence, the
technology can be used safely on a routine basis. The purpose of this docurent is to provide
recommendations and information to assist with this task.
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Permanent Magnet Motor Safety

1 Scope

This document serves to emphasize safety aspects and recommended practices concerning the handling,
installation, trouble shooting, operation, and pulling of permanent magnet motors (PMMs) used in
subsurface and surface artificial lift pumping systems.

This document does not replace any other specific safety documentation; national and/or local electrical
regulations take precedence.

Subsurface systems entail the motor located downhole with the pump. Centrifugal pumps are hictorically
called an electrical submersible pump (ESP). A progressing cavity pump (PCP) mated with a Jow ~hole
motor with or without a gear reduction unit is typically called an electrical submersible PCIl".

For this recommended practice, Figure 2 will be used as reference for a high-voltage. conveantional ESP
system. The submersible system may have a pump that is centrifugal (default), co-helica. axial, progressing
cavity, gear, vane, or other type of rotational pump. The motor will be of rotaticnal 1.  ture to drive the
aforementioned pumps and of permanent magnet design.

There are many types of equipment configurations available for PMM operction .. Configurations included
in this document are listed in Table 1.

Table 1—Deployment Typ:<s

—
Deployment K. POOH Informative
Conventional 8.4 9.12 F.2
Cable unit "o 9.13 F.3
Through tubing: threaded or coupled tubing | 8.6 9.15 F.4
Through tubing: coiled tubing with external cablc_ N 8.7 9.16 F.5
Through tubing: coiled tubing with internal cz ole 8.8 9.17 F.6
Docking station ~/ 8.9 9.18 F.7
Surface PMM \ 8.10 9.19 F.8
Downhole driven PCPs > Annex G

Each of these system cc.inurctions will have various considerations that shall be made to ensure personnel
safety. Some are comn.n t¢ all PMM operations, whereas others will be unique to the given configuration.

— Surface puinpi a deployments have limited exposure to electrical hazards because the motor is at
surface ¢nd i's shaft or linkage to the pump system can be locked.

— Some deployments install the pump after the motor, and so unplanned motor rotation does not occur
whe.tipping the motor.

' the case of linear submersible pumps, the pump is reciprocating (vertical motion) and is driven by a linear
PN.M comprising an armature and permanent magnet translator. The armature is the equivalent to the
~tator, and the translator is the equivalent to the rotor of a conventional ESP. Downhole linear PMM systems
are not expressly included in this document as the force required from the fluid to lift the motor and pump
is unlikely to result in motor voltage. However, the supplier should be consulted and the principles in this
document applied.
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