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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinat-
ing Committees of the IEEE Standards Board. Members of the committees serve voluntarily and
without compensation. They are not necessarily members of the Institute. The standards developed
within IEEE represent a consensus of the broad expertise on the subject within the Institute as well
as those activities outside of IEEE that have expressed an interest in participating in the develop-
ment of the standard.

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. Every IEEE Standard is sub-
jected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, 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.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of
membership affiliation with IEEE. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as
they relate to specific applications. When the need for interpretations is brought to the attention of
IEEE, the Institute will initiate action to prepare appropriate responses. Since IEEE Standards rep-
resent a consensus of all concerned interests, it is important to ensure that any interpretation has
also received 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
interpretation requests except in those cases where the matter has previously received formal
consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

Note: 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 with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying all patents for
which a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate
fee is paid to Copyright Clearance Center. To arrange for payment of licensing fee, please contact
Copyright Clearance Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA;
(508) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can also be obtained through the Copyright Clearance Center.
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Introduction

(This introduction is not part of IEEE Std 1068-1996, IEEE Recommended Practice for the Repair and Rewinding of
Motors for the Petroleum and Chemical Industry.)

This recommended practice was conceived at the Petroleum and Chemical Industry Conference held in Sep-
tember 1984 in San Francisco, following a panel discussion on motor repair. The Project Authorization
Request was submitted 26 September 1984, and was approved by the IEEE Standards Board on 13 Decem-
ber 1984. The project was sponsored jointly by the Petroleum and Chemical Industry Committee (PCIC) of
the Industry Applications Society and the Electric Machinery Committee (EMC)* of the Power Engineering
Society. The first ballot was mailed out in June 1989. Although the required affirmative votes were received
and negative ballots were resolved, it was felt that a reballot was in order, and the second ballot was mailed
in November 1989. This recommended practice was put back in the revision cycle in 1991 in anticipation of
a need for an early revision. The revised document was balloted in 1995, reballoted in May 1996, and
submitted to the IEEE Standards Board in June 1996.

The IEEE Motor Repair and Rewind Working Group, which had members from both the PCIC and the
EMC, had the following membership:

Milton H. Ramsey, Co-Chair J. Kirk Armintor, Co-Chair

Keith Fontenot M.A. Martin Frank Sabo

John Keinz Alan Mixon Serge Tetreault

Bill Lockley Dick L. Nailen Barry M. Wood
Bill Newman

The committee that balloted and approved this recommended practice for submission to the IEEE Standards
Board consisted of members of the PCIC and the EMC, and had the following membership:

J. Kirk Armintor

Leo Berg

Iraj Boroumand
Frederick Bried
Malcolm M. Cameron
J. D. Campbell
William F. Casper
James M. Daly

John Davis

Frank DeWinter

Gary Donner

Richard L. Doughty
Joseph S. Dudor (Deceased)
Marcus O. Durham
John B. Dwyer
Thomas E. Dye

Hal B. Dygert

Kim Eastwood
Willian F. Ecton
Richard Epperly

C. James Erickson
Eugene J. Fagan

H. Landis Floyd

Amy Frere

Richard W. Gallant
Stephen W. Hagemoen

*Formerly the Rotating Machinery Committee

Paul S. Hamer
Ralph L. Haynes
Jim D. Hill

Frank P. Hogan
Richard H. Hulett
John Hus

Ronald M. Jackson
Ben C. Johnson
David Johnson
Michael Johnson
John H. Kassebaum
Christine M. Kent
John W. Kilgore

P. Michael Kinney
William H. Levers
Clark R. Lockerd
Will E. McBride
Bill McCarty

Bob McDaniel

Ed F. Merrill

Paul W. Myers
Dick L. Nailen
John P. Nelson
John B. Overmeyer
Lorraine K. Padden

Tom P. Pearson

C. L. Pittman

R. Knox Pitzer

B. M. Polkinghorn
John E. Propst

Sam L. Ralston
Milton H. Ramsey
Quentin Reynolds
Charles Lynn Roach
Donn Rosen

Scott W. Shannon
Tom Shaw

Paul J. Skobel
Andrew W. Smith
Tom B. Smith

H. R. Stewart

Anne P. Sutblen
George B. Tarbutton
Everett B. Turner
Donald A. Voltz
Albert E. Whiteside
Barry Wiseman
Barry M. Wood
Raoul Wood

Bob Zahn

Peter A. Zotos
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When the IEEE Standards Board approved this recommended practice on 19 September 1996, it had the
following membership:

Donald C. Loughry, Chair Richard J. Holleman, Vice Chair
Andrew G. Salem, Secretary

Gilles A. Baril E. G. “Al” Kiener Jose R. Ramos
Clyde R. Camp Joseph L. Koepfinger* Arthur K. Reilly
Joseph A. Cannatelli Stephen R. Lambert Ronald H. Reimer
Stephen L. Diamond Lawrence V. McCall Gary S. Robinson
Harold E. Epstein L. Bruce McClung Ingo Ruisch

Donald C. Fleckenstein Marco W. Migliaro John S. Ryan

Jay Forster* Mary Lou Padgett Chee Kiow Tan
Donald N. Heirman John W. Pope Leonard L. Tripp
Ben C. Johnson Howard L. Wolfman

*Member Emeritus

Also included are the following nonvoting IEEE Standards Board liaisons:

Satish K. Aggarwal
Alan H. Cookson
Chester C. Taylor

Valerie E. Zelenty
IEEE Standards Project Editor
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IEEE Recommended Practice for the
Repair and Rewinding of Motors for
the Petroleum and Chemical Industry

1. Overview

1.1 Scope

This recommended practice covers general recommendations for the repair of electric motors and includes
recommendations for both the user and the repair facility. It is not intended to supplant specific instructions
contained in the manufacturer’s instruction book or in any contractual agreement between a manufacturer
and a purchaser of a given machine.

These recommendations apply to horizontal and vertical motors, NEMA frame size 140 and above, having a
voltage rating of 15 kV or less. These recommendations apply only to the repair of motors and are not
intended to cover major modifications.

Excluded from the scope of this recommended practice are the following:

— Specific requirements, certification, and inspection required for listed explosion-proof and dust-igni-
tion-proof machines.

— Any specific or additional requirements for hermetic motors, hydrogen-cooled machines, submers-
ible motors, or Class 1E nuclear service motors.

1.2 Purpose

This recommended practice is intended to be a basic or primary document that can be utilized and referenced
by owners of motors that need repair as well as by owners and operators of establishments that offer motor
repair services. It has been developed primarily for the needs of the Petroleum and Chemical Industry but
can be adapted to other applications.

The use of this recommended practice by users and repair facilities is expected to result in higher-quality,
more cost-effective, and timely repairs. It also provides a means of evaluating repairs and facilities.
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2. References

2.1 General

Definitions, construction, and test methods not specifically covered in this recommended practice should
comply with the following standards insofar as they are applicable. When the following standards are super-
seded by an approved revision, the revision shall apply.

API 541-1995, Form-Wound Squirrel-Cage Induction Motors 250 hp and Larger.1

IEEE Std 1-1986 (Reaff 1992), IEEE Standard General Principles for Temperature Limits in the Rating of
Electric Equipment and for the Evaluation of Electrical Insulation (ANSI).2

IEEE Std 100-1996, IEEE Standard Dictionary of Electrical and Electronics Terms.
IEEE Std 112-1991, IEEE Standard Test Procedure for Polyphase Induction Motors and Generators (ANSI).
IEEE Std 115-1983 (Reaff 1991), IEEE Guide: Test Procedures for Synchronous Machines (ANSI).

IEEE Std 432-1992, IEEE Guide for Insulation Maintenance for Rotating Electrical Machinery (5 hp to less
than 10 000 hp) (ANSI).

IEEE Std 841-1994, IEEE Standard for the Petroleum and Chemical Industry—Severe Duty Totally Enclosed
Fan-Cooled (TEFC) Squirrel Cage Induction Motors— Up to and Including 500 hp (ANSI).

NEMA MG 1-1993, Motors and Generators.”

2.2 Insulation tests

Where appropriate to the construction, tests should be made in accordance with the following IEEE test
procedures:

IEEE Std 43-1974 (Reaff 1991), IEEE Recommended Practice for Testing Insulation Resistance of Rotating
Machinery (ANSI).

IEEE Std 117-1974 (Reaff 1991), IEEE Standard Test Procedure for Evaluation of Systems of Insulating
Materials for Random-Wound AC Electric Machinery (ANSI).

IEEE Std 275-1992, IEEE Recommended Practice for Thermal Evaluation of Insulation Systems for Alter-
nating-Current Electric Machinery Employing Form-Wound Preinsulated Stator Coils for Machines Rated
6900 V and Below (ANSI).

IEEE Std 429-1994, IEEE Recommended Practice for Thermal Evaluation of Sealed Insulation Systems for
AC Electric Machinery Employing Form-Wound Preinsulated Stator Coils for Machines Rated 6900 V and
Below (ANSI).

IAPT publications are available from the Publications Section, American Petroleum Institute, 1200 L Street NW, Washington, DC
20005, USA.

2IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA.

3SNEMA publications are available from the National Electrical Manufacturers Association, 1300 N. 17th St., Ste. 1847, Rosslyn, VA
22209, USA.
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IEEE
MOTORS FOR THE PETROLEUM AND CHEMICAL INDSTRY Std 1068-1996

2.3 Other insulation systems

For other insulation systems that do not have established test procedures, similar procedures may be used if
it is shown that they properly discriminate between service-proven systems known to be different.

When being evaluated by an established test, a new or modified insulation system should be compared to an
insulation system on which there have been two years of service experience. If a comparison is made to a
system of the same temperature class, the new system should have equal or longer thermal endurance under
the same test conditions; if a comparison is made to a system of a lower temperature class, the new system
should have equal or longer thermal endurance at an appropriately higher temperature. When comparing
systems of different classes, an appropriate higher temperature should be considered to be 25 °C per class
higher than the temperature for the base insulation system class.

3. Definitions

Definitions in this recommended practice are in accordance with the definitions in IEEE Std 100-1996.* Def-
initions that are unique to this recommended practice are as follows:

3.1 accepted test: A test on a system or model system that simulates the electrical, thermal, and mechanical
stresses occurring in service.

3.2 experience: Successful operation for a long time under actual operating conditions of machines
designed with temperature rise at or near the temperature rating limit.

3.3 insulation system: An assembly of insulating materials in association with the conductors and the
supporting structural parts. All of the components described below that are associated with the stationary
winding constitute one insulation system, and all of the components that are associated with the rotating
winding constitute another insulation system.

— Coil insulation with its accessories. All of the insulating materials that envelop and separate the
current-carrying conductors and their component turns and strands, and form the insulation between
them and the machine structure; includes wire coatings, varnish, encapsulants, slot insulation, slot
fillers, tapes, phase insulation, pole-body insulation, and retaining ring insulation when present.

— Connection and winding support insulation. All of the insulation materials that envelop the connec-
tions that carry current from coil to coil, and from stationary or rotating coil terminals to the points
of external circuit attachment; and the insulation of any metallic supports for the winding.

— Associated structural parts (insulation system). Items such as slot wedges, space blocks, and ties that
are used to position the coil ends and connections; any nonmetallic supports for the winding; and
field-coil flanges.

— Insulation class. Divided into classes according to the thermal endurance of the system for tempera-
ture rating purposes. NEMA classes of insulation systems used in motors include Classes A, B, F,
and H. These classes have been established in accordance with IEEE Std 1-1986. Other classes of
insulation are constantly being developed for such use.

“Information on references can be found in Clause 2.
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Insulation systems shall be classified as follows:

— NEMA Class A. An insulation system (105 °C temperature limit including a 40 °C ambient or
65 °C rise) that by experience or accepted test can be shown to have suitable thermal endurance
when operating at the limiting Class A temperature specified in the temperature rise standard
for the machine under consideration.

— NEMA Class B. An insulation system (130 °C temperature limit including a 40 °C ambient or
90 °C rise) that by experience or accepted test can be shown to have suitable thermal endurance
when operating at the limiting Class B temperature specified in the temperature rise standard
for the machine under consideration.

— NEMA Class F. An insulation system (155 °C temperature limit including a 40 °C ambient or
115 °C rise) that by experience or accepted test can be shown to have suitable thermal endur-
ance when operating at the limiting Class F temperature specified in the temperature rise stan-
dard for the machine under consideration.

—  NEMA Class H. An insulation system (180 °C temperature limit including a 40 °C ambient or
140 °C rise) that by experience or accepted test can be shown to have suitable thermal endur-
ance when operating at the limiting Class H temperature specified in the temperature rise stan-
dard for the machine under consideration.

3.4 major modification: Includes conversion from one type of machine to another type of machine, conver-
sion from one type of enclosure to another type of enclosure, or conversion from one rating to another rating.

3.5 motor: A rotating machine that converts electrical energy into mechanical energy. As used in this recom-
mended practice, the term can also be used to mean a generator.

3.6 repair: Includes incoming inspection and test, damage appraisal, cleaning, replacement or fixing of
damaged part(s) or both, assembly, postrepair inspection and test, and refinishing.

3.7 repair facility: The entity contracted to make repairs; includes the “on site” repair(s) made by employ-
ees of that entity in addition to repair(s) made at a shop operated by or under the supervision of that entity.

3.8 user: The owner of the motor or an authorized agent of the owner.

4. Prerepair activity and responsibility

Several items should be considered and documented prior to repairs. Indeed, some prequalification activities
should be finished prior to failure or shipment to a repair facility. Some of these activities are the responsibil-
ity of the user, while others are assigned to the repair facility.

4.1 User responsibility

In order for the repair operation to be high quality and cost-effective, the user should make advance
preparation.

4.1.1 Records

Obviously, the more information the owner can furnish to the repair shop, the better the repair will be. For
example, at times the nameplate will not be readily readable after several years in service, and pertinent data
must be obtained largely by measurements. It would be ideal if the owner would keep a record of the name-
plate and other motor information in a file along with any data such as failure history, bearing replacement,
and other problems and repairs. This record would then be furnished to the repair facility.
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