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Abstract: 50 Hz or 60 Hz synchronous generators driven by diesel engines, steam turbines,
combustion gas turbines, and hydro-turbines are covered in this guide. The drive may be direct or
through a gear box or other device that permits different speeds for the prime mover and the
generator. The guide generally applies to the stator and rotor of generators with rated outputs of
1 MVA and above. The guide does not address machine auxiliaries or the excitation system.

This guide will provide the generator Owner with insight into the considerations that are
necessary when rewinding or refurbishing a generator. Particular emphasis is placed on the
complete rewind of the stator and rotor.

Keywords: cylindrical-pole rotor, insulation, rotor rewind, salient-pole rotor, stator rewind,
synchronous generator
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of
the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the 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.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS IS.”

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 subjected 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.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon his or
her 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.

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

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. Comments on standards and requests for interpretations should be submitted to the
following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

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; +1 978 750 8400. 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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Introduction

This introduction is not part of IEEE Std 1665-2009, IEEE Guide for the Rewind of Synchronous Generators, 50 Hz
and 60 Hz, Rated 1 MVA and Above.

At the turn of the 21st century, many of the generators used by electric utilities and industrial plants had
reached their design life. Because of today’s economics, many of these generators may be called upon to
supply reliable service for an additional 20 to 30 years, or more. Any generator Owner intending to
significantly extend the life of the generating plant by rewinding and refurbishing the generator should
address three key areas: economics, developing a technical specification, and performance upgrades
through better materials/design.

A comprehensive economic study should be carried out (for the plant as well as the generator) before the
investment of significant resources. This should include plant load forecasts, reserve margins, new capacity
plans, cost benefit analyses, operating costs, capital costs, and continued reliability/availability.

Once a financial decision has been made to rewind, it is essential that a technical specification be
developed. The technical specification should establish a clear understanding between the Owner and the
Vendor, with regard to what the final product will be. Doing so creates an understanding of the level of
performance and reliability expected by the Owner/user and what is required in the manufacturing process
to achieve it. In addition, to ensure a quality product is achieved, specific tests, measurements and
inspections that are to be required in the manufacturing process need to be clearly spelled out. The
technical specification is a means for these requirements and expectations to be stated.

New materials, major component replacement, and other design changes may also affect the life extension
decision. For example, the development of better insulation systems has been ongoing for many years in
the industry. The ability to uprate the nameplate output with these new materials may make rewind and
refurbishment cost effective.

Throughout this guide the term “generator” has been used, instead of “rotating machinery,” in order to
simplify the text. Many of the items contained herein are also appropriate for large synchronous motors.
However, this guide does not address machine auxiliaries or the excitation system; nor does it address the
generators found in modern wind turbines. The reader is directed to the latest version of the IEEE 421™
series of standards for excitation systems.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply 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

This document is copyrighted by the IEEE. It is made available 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-
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regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE standards 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. 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 the IEEE Standards Association Web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA Web site at http://standards.iece.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL
for errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this guide may require use of subject matter
covered by patent rights. By publication of this guide, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. 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 guide 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.
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IEEE Guide for the Rewind of
Synchronous Generators, 50 Hz
and 60 Hz, Rated 1 MVA and Above

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or
environmental protection in all circumstances. Implementers of the standard are responsible for
determining appropriate safety, security, environmental, and health practices or regulatory
requirements.

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.iece.org/IPR/
disclaimers.html.

1. Overview

1.1 Scope

The general parameters for this guide apply to 50 Hz or 60 Hz synchronous generators driven by
reciprocating engines, steam turbines, combustion turbines, and hydro turbines. The guide generally applies
to the stator and rotor of generators with rated outputs of 1 MVA and above. The guide does not address
machine auxiliaries or the excitation system.

1.2 Purpose

This guide will provide the generator Owner with insight into the considerations that are necessary when
rewinding or refurbishing a generator. Particular emphasis is placed on the complete rewind of each of the
components of the stator and rotor.
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1.3 Cautions

CAUTION

Hazardous materials warning: On some generators there may be hazardous materials such as asbestos,
lead carbonate, or lead paint. As an example, many Vendors used asbestos in the stator or rotor insulation
system. Some hydrogen cooled units may contain lead carbonate. The presence of lead carbonate is due
to a reaction of the water, carbon dioxide, and lead in the solder used to manufacture the coolers. In such
cases, abatement work, cleaning, and disposal of hazardous materials shall be performed according to
appropriate government regulations. The Vendor should provide the Material Safety Data Sheets (MSDS)
for all materials used on site for a rewind. Excess material, brought in by the Vendor, should be removed
by the Vendor at completion of the rewind. However, on most projects, the Owner is responsible for
removal of hazardous materials.

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 D1868, Standard Test Method for the Detection and Measurement of Partial Discharge (Corona)
Pulses in Evaluation of Insulation Systems. '

IEEE Std 4™, IEEE Standard Techniques for High-Voltage Testing.**
IEEE Std 43™, IEEE Recommended Practice for Testing Insulation Resistance of Rotating Machinery.

IEEE Std 622", IEEE Guide for Diagnostic Field Testing of Electric Power Apparatus—Electrical
Machinery.*

IEEE Std 67", IEEE Guide for Operation and Maintenance of Turbine Generators.

IEEE Std 95", IEEE Recommended Practice for Insulation Testing of AC Electric Machinery (2300 V and
Above) with High Direct Voltage.

IEEE Std 115", IEEE Guide: Test Procedure for Synchronous Machines.

IEEE Std 286", IEEE Recommended Practice for Measurement of Power-Factor Tip-Up of Electrical
Machinery Stator Coil Insulation.

IEEE Std 393", IEEE Standard for Test Procedures for Magnetic Cores.

! ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA (http://www.astm.org/).

? The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.

3 [EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).

* This IEEE standards project was not approved by the IEEE-SA Standards Board at the time this publication went to press. For
information about obtaining a draft, contact the IEEE.
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IEEE Std 522", IEEE Guide for Testing Turn Insulation on Form-Wound Stator Coils for Alternating-
Current Rotating Electric Machines.

IEEE Std 1043™, IEEE Recommended Practice for Voltage-Endurance Testing of Form-Wound Bars and
Coils.

IEEE Std 1310™, IEEE Recommended Practice for Thermal Cycle Testing of Form-Wound Stator Bars and
Coils for Large Generators.

IEEE Std 1434™, IEEE Guide to the Measurement of Partial Discharges in Rotating Machinery.

IEEE Std 1553", IEEE Standard for Voltage-Endurance Testing for Form-Wound Coils and Bars for
Hydrogenerators.

IEEE Std C37.102", IEEE Guide for AC Generator Protection.

IEEE Std C50.12", IEEE Standard for Salient-Pole 50 Hz and 60 Hz Synchronous Generators and
Generator/Motors for Hydraulic Turbine Applications Rated 5 MVA and Above.

IEEE Std C50.13"™, IEEE Standard for Cylindrical-Rotor 50 Hz and 60 Hz, Synchronous Generators Rated
10 MVA and Above.

3. Definitions; acronyms, and abbreviations; and special terms

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The [EEE Standards
Dictionary: Glossary of Terms & Definitions’ and the glossary in Annex B should be referenced for terms
not defined in this clause. Note that Annex B contains a practical glossary of commonly used terminology
for generators. The Annex B glossary is included in this guide as an informative annex, for information
only, and is not an official part of the standard.

bar: In electric machinery, the terms “bar” and “coil” are not interchangeable. A bar is usually considered
to be half of a coil, and is most often applied to single-turn coils.

bonding: The term “bonding,” with respect to electrical insulation, refers to a physical bonding, or
structural uniting between two physical materials.

hydrogenerator: The term hydrogenerator refers to a synchronous ac generator having salient-pole rotors
and driven by a hydraulic turbine or waterwheel. (Also known as hydroelectric generator.)

interlaminar insulation: The stator core is made up of many thin sheets of electrical grade steel
(laminations), which are insulated from one another to reduce eddy current losses between the laminations.

mil: One thousandth of an inch.

* The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/.
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re-insulation: The removal and replacement of all of the machine’s insulation (or a portion thereof). The
winding insulation comprises all of the insulating materials that envelope the current-carrying conductors
and their component turns and strands and form the insulation between them and the machine structure, and
includes the armor tape, the tying cord, slot fillers, slot groundwall insulation, support rings, pole body
insulation, and rotor-retaining ring insulation.

rewind: The disconnection and removal of the generator stator winding, support systems, and temperature
monitoring detectors for the purpose of replacing this assembly, in all or part, with new. On rotors, rewind
means the removal of the winding and replacement of all insulating materials, and in some cases the copper
of the coils.

Roebel bar: Stator bars manufactured with Roebel copper strand transpositions.

strand insulation: The stator coil/bar conductor is made up of multiple strands, which are insulated from
one another in order to reduce eddy current loss effects.

turn insulation: On multi-turn coils, the strand insulation is not usually sufficient to withstand the turn-to-
turn voltage stress. Addition insulation in the form of taping is applied to the turns by hand or machine to

give adequate strength to hold the voltages of normal service and the impulse voltages of abnormal events.
This insulation also serves as part of the groundwall insulation.

3.2 Acronyms and abbreviations

ETPC: electrolytic tough pitch copper

FME: foreign material exclusion

MSDS: material safety data sheets

NDE: non-destructive examination

OEM: original equipment manufacturer

OFC: oxygen-free copper

OFHC: oxygen free, high conductivity

PD: partial discharge

RF: radio frequency

RTD / TC: resistance temperature detector or a thermocouple

VPI: vacuum pressure impregnation

3.3 Special terms

In this guide, the following special terms and definitions apply.

Bidder: Throughout this guide the terms “Bidder” and “Bidders” have been used to represent the potential
Vendor that is bidding on the generator rewind work. The Vendor could be an original equipment
manufacturer (OEM), or an independent repair firm.
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Owner: Throughout this guide the terms “Owner” and “Owners” have been used to represent the generator
Owner /operator /user. It is typically, a utility, a municipality, or an industrial firm.

Vendor: Throughout this guide the terms “Vendor” and “Vendors” have been used to represent the
company that will conduct the generator rewind. This could be an original equipment manufacturer (OEM),
or an independent repair firm.

4. General issues, strategies, and objectives for rewinding

4.1 General

Many of the generators used by electric utilities and industrial plants have reached the end of their design
life. Because of today’s economics, many of these generators may be called upon to supply reliable service
for an additional twenty to thirty years, or more. In some cases, these old generators are being uprated in
order to deliver the additional power of a turbine rating increase. Presently there are no formal guidelines or
recommended practices on how to rewind a large ac generator. This guide should provide the generator
Owner with some insight into the many technical issues that are involved, when rewinding or refurbishing a
generator.

4.2 Future operating modes

There are several different operating modes for the aging generator, which can depend on the prime mover
constraints, the economics of load dispatching, and other technical and economic factors. These operating
modes include base loading, load following, load cycling, peaking, and in the case of pump storage units,
switching between generating and motoring in short periods of time. A change in operating mode can occur
as newer machines displace older machines in the dispatching order. It is not uncommon, for example, for a
machine to be base loaded when new and then later become load-following or load cycling when older.
Obviously, any of the latter operating modes are more stressful to the windings than is base loading.
Therefore, any change of operating mode should be accounted for in the requirements specified for a
rewind. Frequently, a machine nearing the end of winding life is put into a last-on, first-off mode of
operation to extend life until a rewind can take place.

4.3 Reliability issues

Advancements in the area of insulating materials and composites allow significant reliability improvements
to be achieved by replacing older materials in the generator that are near the end of their useful life. In
addition to replacing the generator coils with new insulation systems, significant enhancements can be
obtained by upgrading the design of the winding support systems, or by improving the cooling arrangement
of the rotor. For example, the stator slot wedging system can be upgraded to a modern wedge and coil
packing design, thus reducing the potential for damage due to winding movement in the slot.

If the Owner is looking to upgrade the capacity, and/or increase efficiency, the designer may often take
advantage of the improvements in withstand voltage of modern dielectrics by placing more stress on these
dielectrics. This means that reliability is not always increased. There is a trade-off with capability and
efficiency. A winding may continue to operate with strand-to-strand shorts, but not with turn-to-turn faults.
In multi-turn coils, each conductor turn (i.e., bundle of strands), should be carefully insulated to prevent
short circuits between adjacent turns. Failure of the turn-to-turn insulation will rapidly cause machine
failure because high currents will circulate between the shorted turns, resulting in arcing and very high
temperature at the site of the short circuit. The arcing turn-to-turn fault will quickly melt the copper strands.
The heat will quickly destroy the groundwall insulation. In this light, on multi-turn coils one might want to
evaluate if additional turn insulation is warranted since turn-to-turn insulation failures are quite common.
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While this guide is focused on rotor and stator rewinds, it is important to consider other generator
equipment and auxiliaries that should be part of any major generator rebuilding project. Some of these
other items are as follows:

—  Control cabinets

— Bearings and journals

— Brushes, brush rigging, brush holders
—  Excitation system

—  Generator coolers

—  Generator bushings

— Governors and their controls

— Hydrogen seals

— Stator frame

—  Surge arresters and surge capacitors

Please note that the above list is only a partial list of the many generator components and appurtenances.
This list is only for illustration, and neither purports to set forth all the generator components, nor implies
the importance of one component over another. Annex C contains a detailed discussion on the inspection
and testing of the generator’s vital components and auxiliaries. This discussion is included in this guide for
information only and is not an official part of the standard.

4.4 Competitive bidding

From an Owner’s perspective, a competitive bid for a generator rewind may be preferable to a single-
source procurement. However, it is imperative that the Owner ascertain that all Bidders are qualified and
capable of performing the required work. In a competitive bid situation, the original manufacturer may start
with an advantage, because the original manufacturer should have all the dimensions and design
information.

Other potential Bidders may need access to the machine in advance of the bids, to verify that their designs
can be implemented in the given machine, and to achieve more precision in their bids.

Unless it is specified in the bidding document, some Bidders may limit the rewind to replacement of the
stator coils/bars, while reusing many components such as the parallel rings, endwinding support, and
thermal expansion systems. Obviously the Owner can specify that all these items be replaced, but in so
doing, the Owner may incur an unnecessary significant cost increase. If re-using any components is an
option, the Owner’s bid specification should have stringent testing and acceptance requirements, to verify
that the old components are in optimum condition.

In a competitive bid situation, the outage duration, rather than the bottom line cost, may be the deciding
factor in selecting a rewind Vendor. In recent years, there have been major improvements in tooling and
techniques that have produced a significant reduction in the time needed to rewind a unit. If one Bidder’s
previous rewind experience is 45 days, and another is 30 days, the shorter duration in the outage can have
economic advantages. Owners may impose bonus and penalty clauses in the contract for timely outage
completion, but this may place enormous detrimental pressure upon the field crew that does the work.
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Large hydrogenerator rewind outages can take so long that it can become economically advantageous to
purchase a spare core and frame so all rewinds in a multi-unit plant can be performed elsewhere in the
powerhouse, and the actual outage reduced to an integrated frame, core, and winding assembly switch-out.

The Owner should have a good bid specification to ensure that all Bidders are meeting the same technical
requirements. In addition, the Owner should devise an evaluation process that compares the benefits of
design improvements and outage duration. Specific knowledge of the equipment is essential and this
standard may not provide that information.

4.5 Generator capability issues

There are many reasons why an Owner may need a generator rewind. A failure may have occurred; or the
insulation is in poor condition and near the end of its useful life. Quite often in these cases, the Owner will
elect to retain the same original generator design capacity or capability.

However, modern insulating materials provide an opportunity to design and manufacture coils/bars with
thinner ground wall insulation. This has two advantages: a) the thermal resistance of the groundwall is
reduced because of thinner material; and b) potential electrical uprate, due to the thinner material, which
allows more copper to be included in the winding. However, thinner ground wall designs may result in
higher partial discharge (PD) energy levels, which may reduce the winding life expectancy. Of course, the
opportunity will vary depending on the vintage and type of the original machine design. But, this
opportunity can create the erroneous impression that the complete machine has greater current capability
than before the rewind, simply because there is more copper. To avoid new source performance
requirement issues, it may be preferred that Bidders describe the benefits of additional conductor material
in terms of lower operating temperature and longer reliable life of the winding. The old resistance
temperature detector (RTD) temperatures cannot be used for margin increases in rating, as the thinner
insulation will show higher temperatures. The increase in rating has to be calculated by a design engineer.

4.5.1 Upgraded stator windings

When additional generator capability is desired (such as in the case of a concurrent turbine efficiency
upgrade), there are many more issues to be considered. Will the improved insulation system operate at an
MVA level that is consistent with the reactive needs of the power system? With no changes to the rotor, the
machine may operate at a higher power factor (closer to unity) and thus will produce less reactive power
(MVARSs) at higher real power (MW) levels.

When rewinding a stator there may be an opportunity to improve the temperature class of the insulation
system. Older generators were equipped with windings typically having Class 130 (Class B) insulation. A
typical replacement winding today will have Class 155 (F) insulation that can operate continuously at
higher temperature. However, if the machine was originally designed to operate at Class 130 (B)
temperatures, there could be mechanical issues associated with an uprate to Class 155 (F). For example, the
risk of stator core buckling should be evaluated. Also, the allowable hotter stator temperature may have a
negative impact on the rotor winding insulation and the stator core lamination insulation. Therefore it is
quite common today for a rewind specification to call for the modern Class 155 (F) insulation, but to
operate within the Class 130 (B) temperature range.

Whenever the stator winding capability is to be increased, the generator shall still operate within the
restrictions of the generator’s capability curve. To assist the Bidders for this particular case, the Bidders
should be provided with nameplate data, capability curve, V-curve, and rotor resistance versus temperature
curve. The Bidders may also want slot dimensional data. Instead of the Owner providing the capability
curve and related data, it may be more desirable to have the Vendors submit ratings (a new capability
curve) based on what their winding designs are purported to achieve.
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In addition to stator and rotor windings, there are other related electrical components and systems that also
should be evaluated, to determine if they can operate in concert with an upgraded stator. Examples include
the following:

a)  Prime mover capability

b)  Generator bushings (current rating)

¢)  Generator current transformers (current rating)

d)  Generator step-up transformers (MVA rating)

e) Generator isolated phase-bus-duct (current rating)

f)  Generator switchgear or circuit breaker (current rating)

g)  Generator neutral equipment (current rating and protection coordination)

h) Powerhouse grounding network (current rating)

i)  Auxiliary equipment—reactor, bus bars, cables, switchgear and circuit breakers (current rating)
j)  Protective systems (coordination, limiter, alarm, and trip settings)

k)  Excitation system

1)  Penstock limitations

m) Rotor mechanical structure, coupling, maximum speed /overspeed, torque, magnetic attraction

n)  Generator collector ring ampacity (if so equipped)

NOTE—Please note that the above list is only a partial list of the many generator components and systems that should
be evaluated. This list is only for illustration, and does not purport to set forth all the generator hazards, nor to indicate
that other issues or hazards do not exist.®

Any time that a machine is being uprated, some of the components may be operated closer to their design
margins. As a result, not only should protection systems be reviewed for setting changes, but also
additional state of the art protection systems should be considered for application. Reference IEEE Std
€37.102.7

This is particularly true regarding the changeover from a rotating exciter to a static exciter. This is a major
upgrade/redesign that may require a fault study, a shaft torsional study, and major protective relay
modifications. Startup and shutdown sequences and procedures also will be impacted. A source for the
static exciter and associated protection and switching should also be provided. Standard operating
procedures and black start procedures will also have to be modified.

Prior to the replacement of an old rotating exciter with a static excitation system, the Owner should
evaluate the existing rotor insulation’s ability to withstand any field voltage surges that may be created by
the new system thyristors.

Obviously, it will be necessary to work more closely with the Bidders than in the case where no change is
planned in machine capability. Clause 5 offers some considerations for stator rewinds, and Annex D
provides some fundamental information on stator windings.

® Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
" Information on references can be found in Clause 2.
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4.5.2 Rotor rewinds or reinsulation upgrades

The rotor may be upgraded with no change in the stator capability or in concert with a stator upgrade. In
either case, the goal of the rotor upgrade is usually to provide more reactive power (MVARs). Care should
be taken to coordinate with other electrical system components as described in 4.5.1. One important issue
that is occasionally overlooked is whether or not the excitation system can provide the power for the new
rotor capability.

Upgrading the rotor may also be coordinated with other rotor design changes. For turbo-generators, this
could include the installation of new retaining rings, made of 18% manganese and 18% chromium, (18Mn-
18Cr) to replace older designs such as 18Mn-5Cr retaining rings. In addition, all rotating components
should be carefully inspected and non-destructively examined (NDE), including the rotor forging. Clause 6
offers some considerations for rotor rewinds; and Annex E and Annex F provide some fundamental
information on generator rotors, and rotor windings. Design changes such as eliminating the ventilating
holes in magnetic retaining rings can be included.

5. Generator stator winding considerations

5.1 General

There are several components in a stator winding. In this clause, important considerations relating to each
of these components will be discussed, with the objective of providing the basis for the information
included in a stator rewind specification. Annex D contains a more detailed discussion on the construction
and materials found in a generator stator. Annex D is included in this guide for information only and is not
an official part of the standard.

5.2 Winding design considerations

There are some possibilities for the choice of the winding design. The objective of this clause is only to
give short descriptions of different aspects.

If the original winding design was made with multi-turn coils, in some cases (mainly hydrogenerators) it
could be possible to modify the design to utilize Roebel bars. One of the advantages of using Roebel bars is
minimizing the risk of a turn-to-turn failure. A Roebel bar is more easily removed than a coil. However the
Roebel bar winding is more expensive than a coil winding. If the change is made to Roebel bar, (and a
reduction of the number of parallel circuits), a review of the magnetic forces in the air gap is prudent. For
more information on Roebel bars, please see Annex D. The generator Owner should carefully analyze the
advantages and disadvantages of this aspect, particularly for a large generator.

If a stator winding is subject to circulating currents between parallel circuits, due to an electrical unbalance
or an air gap non uniformity, these currents between parallel circuits may affect the sensitivity of the split
phase protection, when each phase-end of the winding circuits is brought out of the machine through the
split phase current transformers. Depending on conditions, especially reactive loading, the relay sensitivity
could be increased or decreased

5.3 Stator bar construction

The copper used in coil construction is either oxygen free copper (OFC) or electrolytic tough pitch copper
(ETPC). Generally, oxygen-free copper is not used on air-cooled machines. The physical and electrical
properties of each are essentially the same. Since OFC has no oxygen present, it is better when brazing
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applications are specified. The chance of hydrogen embrittlement of the copper is lessened. The copper
wire is rectangular in shape and has rounded corners.

The strand insulation in all bar designs should be reliable and capable of withstanding design operating
temperature. Today, Class 155 (F) material is typically used. Since the voltage between individual strands
is small (less than one volt), this insulation can be thin. (For coils without internal transpositions, the
voltage from one side of the bar to the other may be in the order of 15 V, and a “vertical separator” is
sometimes used to control this voltage.)

Direct water-cooled windings will have either 100% hollow strands or a mix of solid strands and hollow
strands. The hollow strands are sized relatively large to allow for passage of water; the solid strands are
sized thin to reduce the eddy-current losses. The hollow strands are typically copper, but other alloy
material is often used on some water-cooled windings to reduce corrosion problems.

Crucial considerations in stator coil/bar construction include the following:

a)  No strand or turn shorts.

b)  Good coil/bar shape control.

¢)  PD-resistant turn insulation on multi-turn coils.

d) Well-bonded and integrated coil/bar for mechanical stability.

e) On water-cooled bars, a strand header that is brazed to the strands with a system that minimizes the
risk of initial leaks, and no leaks developing over the life of the winding.

f)  On some higher voltage and larger units, a grading material is applied to the outer surface of the
bare bar. This material shall bond well to the bar, and be void-free.

Generator design voltages are attained by the designer through the variation of the following physical
factors: the number of coils in series, the length of the core, the coil pitch, the unit speed, and the number of
turns in the coil. Multiple-turn coils are used to multiply the voltage produced by the other parameters and
reduce the current per conductor. Conversely a multi-turn coil can be changed to a single turn coil,
providing that the number of parallels is equal to, or a multiple of, the number of turns subject to
Roebelling limitations. (There are other winding circuit/turn/slot configurations that allow conversion of
multi-turn windings to bar windings, as well.) These coils can be full coils or bars depending upon the
application and/or size of the generator. Both have the basic turn constructed from multiple strands of
insulated wire to form the conductor. The strands can be equal or non-equal in width and thickness. Equal
strand widths and thicknesses are the preferred choice when internal Roebel transpositions are used. For
coils without internal transpositions or with an inverted turn type transposition, unequal strand widths and
thicknesses can be arranged to form a brick-like construction, to hold shape during the conductor taping
operation and give a more stable conductor stack.

Full coils are used exclusively on most salient-pole generators and the smaller turbo-generators. They differ
from the bar construction by having a continuous conductor throughout, from the beginning to the end of
the coil. They are wound in a loop form from reels of wire, and then put in a coil spreader, to a form and
shape of the complete coil. Sometimes, additional forms are used to refine the shape. It is recognized within
the industry that the most prevalent failure mode of the multi-turn coil is that of turn-to-turn shorts. Most
phase-to-ground or phase-to-phase shorts in multi-turn coils are initiated by a turn-to-turn short. This
should place emphasis on the type and quality of turn insulation. High quality strand insulation may have
the turn-to-turn voltage withstand capability even under surge conditions but may not provide long-lasting
turn insulation over years of mechanical and electrical stresses. For this reason, many Owners will specify a
dedicated mica tape turn insulation for each group of strands that make up a turn within a coil. Such
dedicated taped turn insulation is of the same material used in the ground wall insulation, but is of less
thickness than the ground wall. Because of flexibility constraints associated with coil construction, different
installation techniques are required to install this type of winding.
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5.4 Winding groundwall insulation

The groundwall insulation is the main high voltage electrical insulation that separates the copper
conductors from the grounded stator core in generator stator windings. The groundwall insulation is
designed for a steady state phase-to-ground voltage that establishes the volts-per-mil stress on the
insulation. In the event of a ground fault (phase-to-ground), the temporary overvoltage will increase by a
factor of V3 (the phase-to-phase voltage) as the neutral is isolated or connected to the ground by a very high
impedance. This also reduces homopolar currents to very low values. The opposite will appear in the case
of low impedances between the neutral and the ground. Low voltage circuit breakers and associated cables
between the generators and the step up transformer can create transient overvoltages. Fortunately, generator
ground wall insulation has very high impulse insulation strength ratings; but this is not true for turn-to-turn
insulation. Thus on multi-turn type windings, surge capacitors and arrestors are usually required.

In the rewind process, care should be taken that an adequate safety margin is included for kV/mm (or volts-
per-mil), to account for the potential of the phase-to-phase voltage as well as moderate transient
overvoltages. The thickness of the dedicated taped turn insulation in a multi-turn coil can be added to the
ground wall insulation thickness when calculating the operating volts-per-turn of a coil.

Surge capacitors and arrestors are sometimes used to protect the line end turn-to-turn insulation from
incoming surges. Surge capacitors were originally installed on many generators, but, in the early 1980s,
many of the generator manufacturers recommended removal of capacitors on all units that were single turn
coils, and directly connected to the electrical system. Therefore, many generators today may not be
equipped with surge capacitors. If the generator is equipped with the old style silicon carbide arrestors, they
should be replaced with metal oxide arrestors.

The groundwall insulation of stator windings is usually comprised of mica, glass, or organic reinforcing
material, and a bonding/impregnating resin. Windings manufactured today will typically be manufactured
using thermosetting epoxy resins.

Some smaller windings are made today with thermoplastic polyester resins. Generally speaking, polyester
resins are relatively inexpensive and characterized by good electrical properties and good resistance to heat
and mechanical impact. However, some polyester resins are sensitive to chemical reaction with moisture
that can cause both electrical and mechanical degradation. While windings manufactured with polyester
resins have given good operating service at moderate design demands, other more sophisticated
thermosetting epoxy resins are often selected, because of improved physical properties. The Owner is
advised to explore the service performance records accumulated with the less expensive polyester system
before using this insulation.

Groundwall insulation may be applied to the coil/bar using either of two common insulation systems: a) a
“resin-rich” tape , or b) a tape that starts with only a minimal amount of resin. With the resin-rich system,
all the impregnating resin is applied on the coil/bar before it is processed. The process is either a vacuum-
pressure autoclave cycle, or a hot pressing process. With the second insulation system, most of the
impregnating resin is applied to coil/bar after it enters a vacuum-pressure autoclave. Both systems have
performed well in service.

Some generator manufacturers are using a global vacuum pressure impregnation (VPI) process in the
factory for ratings up to at least 400 MW. For this method, low resin content tapes are applied to the
coils/bars, which are then installed in the stator; the endwindings are braced; the slot wedges installed and
windings connected; and then the entire stator core and winding assembly is subjected to the global VPI
process in a large tank. Generator windings of this type are much more difficult to repair and the global
VPI process cannot be repeated in the field. But regardless of the manufacturing method used, an
appropriate stator winding design, high quality materials, and careful control of the manufacturing process
are essential for a satisfactory winding. Regardless of the groundwall system, all Vendors generally use slot
surface grounding tape/paint, and an end-arm grading system. Especially for Roebel-bar windings, some
Venders could propose a winding design where the complete winding overhang is treated with grading
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material. In this particular case, the grading material has electrical contact with the bare copper at the ends
of the bars. The Owner should be aware that with this type of stress grading system, the measurement of the
winding insulation resistance and the polarization index test will have limited usefulness for the winding
condition assessment during routine inspections. The Owner should determine in the technical specification
whether complete stator winding overhang treated with grading material is acceptable or not.

Important considerations in application of the groundwall insulation include the following:

a)  The bare coil/bar should be clean and of correct overall geometry, regarding shape and size.
b)  All groundwall materials should be of proven performance.
¢) Groundwall tape application should be in accordance with design specification.

d) Coil processing performance on each coil/bar should be verified to comply with process
specifications. (Application of temperature and pressure should be optimized.) It may be desirable
to monitor the insulation capacitance to verify that proper curing has occurred.

e) Finished coil/bar surfaces should be clean and free of contaminants.

f)  Slot-grounding paint or tape and end-arm-grading paint or tape should be applied to correct areas,
stable mechanically, and of correct resistances.

g)  On liquid-cooled windings, the strand liquid header should be free of contamination.

h) There should be satisfactory completion of all proof tests: overpotential, power factor, partial
discharge, strand and turn testing.

5.5 Generator end winding and connection rings support

The design of the endwinding support and connection rings will vary considerably between ratings and
speeds of the generator, and between manufacturers. Large generators, typically over about 200 MW, will
require elaborate support systems that will contain the very high forces associated with possible short
circuits. But of equal importance are the high vibrational forces and thermal expansion associated with
normal-load operation. The support systems on smaller generators may operate satisfactorily with designs
that rely on cord-tie support systems. Generally, ties that are made from a cured resin have been found
necessary on all but the smallest, low-duty machines. However, some Vendors do not use any ties in their
standard design. If the Owner wants ties, they should be written in the technical specification. Because
there are many systems variations that have been found reasonably satisfactory, it is difficult to define
details of endwinding specifications in this document.

Note that it is possible to rewind some generator stators while reusing the existing endwinding bracing
system for “basket” support systems. This introduces the issue of reusing the phase rings. Note that this is
an important decision point, because handling baskets and phase rings is labor intensive and can add
several days to the schedule.

Important considerations in the slot and endwinding support systems include the following:

a)  The system should be of a laboratory test and/or service-proven design.

b) If re-using the old bracing system materials will be considered, it should be determined whether the
old materials meet the new design requirements.

c) If the system is fully cured and bonded, allowance should be made for thermal expansion of the
coils/bars in the slot, when energized.

d) All non-cured ties should be tight.
e) Coils/bars should be seated in supports and in the bottom of the slot, at end of slot.
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f)  There should be no voids between blocks and the bars.

g)  On vertical windings, there should be provision for restraining downward movement of the winding
and wedge system components.

Vibration forces in the end winding of a large turbine generator under normal load may be quite high, and
should be kept under control so that there is no wear incurred on the end-winding as a consequence of
rubbing or impacting. Thermal cycling and shrinkage effects can also promote advanced loosening and
high vibration. After the machine is installed and operating, limiting the maximum vibration level of the
endwindings and associated support structures to less than 50 micrometers peak to peak should be
achievable. This is unfiltered with no natural resonances in the frequency ranges of 50 Hz to 75 Hz, and
100 Hz to 140 Hz, for a 60 Hz system (40 Hz to 65 Hz and 80 Hz to 120 Hz for a 50 Hz system).

For turbine generators, a “bump” or “shaker” test should be specified so that the new stator winding will
return to service with minimal vibration and outside the above mentioned ranges. When doing these tests,
proper conditions should be applied. It should be ensured that all winding and support system blocking and
ties are fully settled and their resin binders cured. As well, for water cooled windings, the testing should be
carried out with the winding filled with water as this will add mass and drop the measured frequency as
much as 3 Hz. This more closely matches the operating condition of the winding. Bump or shaker tests
have limited applicability to stators with large numbers of poles, as there are a large number of localized
response modes and frequencies. On-load vibration testing is preferred if needed.

5.6 Slot support systems

Numerous types of slot wedging (support) systems have been used on generators. On smaller generators, a
flat wedge with slot fillers to apply downward pressure has been found satisfactory, if properly assembled.
On larger units, currently most manufacturers of turbo-generators use proven systems based on a radial
spring, compressed (as prescribed by the supplier) with either flat wedges or some variation of a “piggy
back” tapered double-wedge system. This spring will prevent rebound of a coil/bar off the bottom of the
slot, and minimizes the possibility of vibration, if the coil/bar is bottomed in the slot. Some manufacturers
augment the radial wedging with a side pressure spring. Some manufacturers include arrangements for
measuring the amount of ripple remaining in the radial spring. All of these systems can adequately support
the coils/bars in the slot, if they are properly installed and oil is not allowed into the machine. Oil
contamination in a turbo-generator will result in reduction of the coefficient of friction between the ground
wall and side ripple springs. As a result, coil movement occurs, as well as abrasion of the groundwall
insulation. Liquid cooled coils should be supported by conformable layers at the bottom of the slot to
dampen and prevent internal strand cracking. Regardless of the type of slot support system, the windings
shall also be carefully fitted to the stator slot in order to provide proper contact for the slot grounding paint
or tape, to prevent vibration and to conduct heat. Inadequate fitting in the slot may lead to significant slot
discharge activity.

Important considerations in winding slot support systems include the following:

a)  All wedges should be tight, as confirmed and documented by measurement and test.
b)  All wedges should be aligned to ventilation ducts as required.
c¢) Correct wedge materials should be used, per design requirements.

d)  There should be no damage done to the core laminations.

5.7 Series/phase electrical connections and insulation

Adequacy of the electrical connections is vital to successful operation of the generator. Several methods of
making this connection at the series and phase leads are used. Usually, the electrical connection is made by
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brazing or soldering. The brazing process typically uses a silver alloy, and is performed at a higher
temperature than solder, which results in a much stronger bond. However, bolted connections are also used
on some designs by some manufacturers. On liquid-cooled generators, this connection may also incorporate
the liquid cooling circuit.

All responsible manufacturers will have designs that can be reliable if the workmanship is adequate. Some
important considerations include the following:

a) Use of a proven design with capable workmanship.

b) On brazed connections, all components should be clean before brazing. (Water-soaked material
used to protect the insulation during brazing can wick into the insulation system and cause failures
later in the winding life cycle, and thus should be avoided or used with caution.) The use of chill
blocks is preferred.

¢) On bolted designs, dimensions should be absolutely correct, all fits should be proper, all hardware
should be locked, and all bolts should meet design requirement.

d) Electrical resistance of the winding copper should meet the specification at completion of winding
installation.

Three basic approaches are used in insulating the electrical connections: taped, potted, and electrical
clearance (spacing). Some designs will use potting at the series connections, and tape at the phase
connections. Similarly, where clearance is used for the isolation of voltage, the clearance may be made
greater at the phase locations. Overlap of the potting with the insulation is a critical dimension and should
be given serious thought. In all cases, only a service-proven design should be accepted by specification.

When spacing in an air atmosphere supplies a significant portion of the dielectric strength, it is extremely
important to consider the atmospheric altitude where the generator is operating.

On large units, it is a good practice to bring the end of the phase and neutral connection of each parallel
circuit out to the main bus or at the neutral bar. If the electrical clearance is sufficient, the designer may
choose to not insulate the connections.

6. Generator rotor considerations

6.1 Cylindrical rotors

Clause 6 is divided into two main subclauses. Sublause 6.1 addresses cylindrical rotors, and sublause 6.2
addresses salient-pole rotors. Annex E contains a more detailed discussion on the construction and
materials found in a cylindrical generator rotor. This discussion is included in this guide for information
only and is not an official part of the standard.

6.1.1 Rotor forging

In general the existing forging will be reused during a rotor rewind. Otherwise, basically a new rotor is
ordered. The new rotor may be a duplicate, or an upgrade/uprate. If a new forging is required, the forging
should be of the highest quality and vacuum degassed, because rotors are designed to operate at high
mechanical duty.

During a rewind, the forging should be given thorough NDE since cracks may be developing in the forging.
In addition, forgings made prior to 1960 were generally not made with vacuum de-gassed ingots and
therefore are subject to internal voids or occlusions. Typically, if there are cracks, they will be found under
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the retaining ring shrink-fit area of the rotor forging, at the top of rotor teeth, at the bore surface, or at the
rotor body axial centerline.

6.1.2 Rotor winding

There are three basic options for a rotor rewind: 1) re-insulate with the original conductors (usually
copper), 2) rewind in kind but with new conductors, and 3) install a new winding design, with possible
increased capacity. Each is briefly considered here:

a) Reinsulating with original conductors is typically the lower-cost route, although there may be
considerable cost involved in cleaning, straightening, and perhaps re-annealing the conductor. Also,
distortion and cracks may be found and shall be corrected.

b) Rewind with new conductors may be the quicker route, if new conductor material is ordered in
advance. Furthermore, this minimizes the risk that fatigue life of the conductor has been consumed.
It should be kept in mind that mechanical duty on some areas of the conductors can be high,
particularly on high-speed (2-pole) rotors.

¢) A new winding design may be a preferred route if rotor winding reliability problems have been
experienced and/or an uprate in output may be desirable.

Regardless of the option taken, the conductors should be of correct shape, hardness, and surface conditions
(to allow for friction coefficients).

There are some rotors that have conductors made from materials other than copper. Aluminum alloys, such
as “Condol,” were used in the 1950s instead of copper. These special alloys may not be readily available
today for repairs to the conductors. Also, it may be difficult to redesign a rotor using copper conductors,
instead of an aluminum alloy, because copper—which is heavier—may produce additional angular and
radial forces.

6.1.3 Rotor winding turn insulation

Three general approaches are taken to insulating the copper turns: 1) all taped turns, 2) insulating separator
strips in the slots, and 3) insulating strips throughout the winding. Continuous taping offers more protection
from contamination, but is relatively uncommon. When used, alternate turns may be taped in order to
reduce the amount of insulation buildup.

The more common approach is to use only insulating strips. It is essential that the strips be permanently
bonded so that they do not migrate out of position, and the insulation commonly is bonded only to one side
of each turn.

6.1.4 Rotor winding slot insulation

Two approaches are used for insulating the copper from ground: 1) a total enclosure of the coil copper by
applying insulation overall (for indirect cooling), and 2) slot cells (for direct cooling). The “indirect
cooling” is commonly used only on smaller rotors because the insulation does not permit removal of heat
from the conductor. The “direct cooling” approach is more vulnerable to contamination than the “indirect
cooling” approach, because clean, dry creepage paths are used throughout the winding to support the rotor
voltage. However, because cooling gas is in direct contact with the copper winding, a much higher capacity
can be obtained from the rotor. As a result, “direct cooling” is common on all but smaller rotors.

It is common that cooling gas is discharged radially through holes in the wedge and top-of-slot creepage
block. In these designs, care should be taken to verify that when installing the winding, all holes are in
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correct alignment, and that the design of the insulation system will not permit axial movements that lose
this alignment of the holes.

It is important that the underside of the top-of-slot insulation that contacts the copper turns have the correct
surface friction coefficient, to allow for thermal expansion and contraction of the winding.

6.1.5 Slot wedges

Slot wedges operate at very high mechanical stress. Generally wedges are made of steel, although
aluminum is sometimes used, as well as other alloys. In some rotor designs, magnetic wedges are used in
the slots next to the poles for flux shaping. Because mechanical duty is high the wedges should receive a
full NDE for cracks and other deficiencies. It is not uncommon during disassembly of the rotor coil slots to
find electrical arc damage on the wedges, due to negative sequence currents. It is very important that any
arc damage be blended out since it would act as a stress riser for future crack initiation. In some cases, the
arc damage is so severe that a large number of the wedges have to be replaced.

It is essential that wedge patterns be symmetrical axially and circumferentially. Where a flux probe is
installed in the stator to detect shorted turns in the rotor, all wedges in the probe’s axial position have to be
non-magnetic, otherwise the sensitivity of the probe to shorted turns is lost.

6.1.6 Endwinding blocking and insulation

Design and assembly of endwinding blocking is a critical issue on high-speed (2-pole) rotors. The block fit
shall be symmetrical circumferentially to assure that all coils are restrained equally. Also, axial fit shall be
sufficiently close, in order to hold the coils in proper position and prevent turn distortion. Deviation from
the original manufacturer’s basic design approach to blocking is sometimes necessary, because when
changing from a retaining ring with ventilation holes, a different ventilation system has to be used. Also in
the case of distorted turns, a design change may be required to correct the inherent problem.

CAUTION

Use caution when reusing any blocking material manufactured prior to 1988, because it may contain
asbestos.

In those designs where axial position of the top-of-slot creepage block is held by the retaining ring
insulation, assembly tolerances for the blocking shall be held precisely.

The retaining ring insulation shall be of correct thickness and surface dimensions. In addition, the surface
shall contain a slip layer to minimize the friction coefficient between the retaining ring insulation and the
copper coils. In some of the spindle mounted retaining ring designs, the original design did not allow
sufficient freedom of movement between the coil and the insulation, resulting in uneven growth of the coil
and subsequent vibration. As a remedy, the addition of a fluoropolymer resin slip layer (such as DuPont™®
Teflon®°-'*) can provide the necessary freedom of movement.

8 DuPont™ is a trademark of E. I. du Pont de Nemours and Company.

° Teflon® is a registered trademark of E.I. du Pont de Nemours and Company or its affiliates.

' This information is given for the convenience of users of this standard and does not constitute an endorsement by the IEEE of these
products. Equivalent products may be used if they can be shown to lead to the same results.

6 Documents

Copyright © 2010 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 18:02:29 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1665-2009


http://www.avadocuments.com/doc/ieee-1665-2009
http://www.avadocuments.com/doc/ieee-1665-2009

IEEE Std 1665-2009
IEEE Guide for the Rewind of Synchronous Generators, 50 Hz and 60 Hz, Rated 1 MVA and Above

6.1.7 Retaining rings

The most highly-stressed component in the generator is the retaining ring. (This is sometimes referred to as
a “rotor end cap”.) Its purpose is to restrain the angular and radial acceleration forces of the rotor winding
end-turns. Its strength determines rotor diameter limits. Non-magnetic steel retaining rings have been in
general use in almost all large generators since the 1950s. The non-magnetic alloy used by most
manufacturers between the 1950s and 1980s is subject to stress corrosion cracking. Replacing the retaining
rings with a new alloy ring will significantly reduce the risk of a severe failure and unscheduled outages.
Annex E has a thorough description of retaining rings, and their inherent risks.

6.1.8 Collector rings and bore copper

The insulation systems for the collector rings, terminal studs, and bore copper are not subject to the same
wear as the coils’ insulation systems, and typically last much longer. For this reason, they typically are not
automatically included as part of a rotor rewind. But, they should be evaluated for unexpected wear, and
good surface film condition (also known as patina). Uneven wear on the collector rings can be corrected by
machining on the rotor. If the wear is too great, they can be replaced. If the rings are machined, or replaced,
a proper film shall be established, after the generator is returned to service. A proper film is a result of a
combination of adequate moisture in the air, carbon from the brushes, and adequate current density on the
face of the brushes. The radial lead seals should also be tested and replaced, if necessary, on hydrogen-
cooled generators.

In large machines, a helical groove is made in the collector ring to reduce the operating temperature. This
groove may have a small radius at the bottom to avoid sharp edges.

6.1.9 Miscellaneous rotor components

The entire rotor should be evaluated if taken apart for a rewind. It may be desirable to upgrade pole cross-
over straps to a flexible design, or to replace old end turn blocking material with a new glass type blocking
material.

6.2 Salient-pole rotors

6.2.1 Rotor categories

Salient-pole machines fall under three principal rotor categories: integral-pole rotor, shaft rotor, and shaft-
and-spider. Annex F has a thorough description of salient-pole rotors, and their inherent risks.

6.2.1.1 Integral-pole rotors

Integral-pole rotors are found in high-speed (4-pole and 6-pole) units. In this construction, the poles, pole
tips, and shaft are usually machined from a single forging to produce superior mechanical properties.
Integral poles do not have laminations, and they usually do not employ circuit elements such as shorting
segments or amortisseur bars (also known as damper windings). Some integral-pole rotors have separate
pole tips that are bolted into the pole body. Pole faces on integral-pole rotors are usually machined in such
a way to simulate a lamination stacking, in order to reduce the pole face losses.
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6.2.1.2 Shaft rotors

Shaft rotor constructions are also used in high-speed units or units where very high inward-directed radial
acceleration-type forces act on the poles. The poles are comprised of laminations stacked in the axial
direction of the rotor, and held together under compression by endplates and rivets. These dovetail designs
use sets of long tapered keys driven between the side of the pole dovetail and matching dovetail of the rotor
rim. These keys usually extend the length of the pole. The body of the rotor (or shaft) is typically made
from a machine forging or constructed from steel plates or laminations. The poles can be attached to the
rotor by means of dovetails, T-shaped keys, or bolts. Bolted poles should be removable from inside the
rotor rim, to allow the possibility of removing one pole without removing the rotor.

6.2.1.3 Shaft-and-spider rotors

Shaft-and-spider rotors are typically found in low-speed generators. They have a straight shaft to which a
disc-shaped steel plate (the spider) is keyed, bolted, or shrunk-fit. In some hydrogenerators, the spider and
the rim can be made of cast steel. In large hydrogenerators, the spider has radial arms against which a
laminated rim is piled to form a solid cylinder type component. The diameter of the spider is much larger
than that of the straight shaft that carries it. The individual laminated wound poles are in turn bolted, or
keyed with dovetails or T-shaped keys to the outer diameter of the rim. A fabricated hub with shaft
extensions is also possible. These poles are often equipped with amortisseur (damper) bars and shorting
segments.

6.2.2 Shaft, spider, and rim

These items are not a subject of this document, but it is prudent to conduct a rigid inspection of these items
during any salient-pole rotor rewind. An engineering analysis should be performed on these components if
an uprate is being considered.

6.2.3 Poles and damper windings

On some rotor designs, the damper winding and pole pieces have to be removed in order to gain access to
the old rotor winding The poles are usually detached from the rotor by extracting the bolting or the dovetail
keys. Some European high speed (4-pole and 6-pole) designs have bolt-on-pole tips that have to be
removed to access the field pole windings for repair. On high speed generators, “V” blocks (pole braces)
between the poles have to be dismantled prior to pole removal. (The function of these blocks is to support
the rotor coils against the radial acceleration related centripetal forces.) Some of these blocks are made of
metal with separate insulation components, while others are made from solid blocks of insulation material.
Lifting and handling of the poles should be arranged in advance, prior to detaching the poles. After the old
rotor coil windings are removed from the poles, the poles should be cleaned by glass bead blasting, and the
damper winding should be tested for cracks.

6.2.4 Rotor coils

On salient-pole rotors, there are two types of rotor coils. There are: 1) wire wound coils (those made from
rectangular insulated wire); and 2) strap wound coils (those made with large rectangular strap, which was
edge bent or brazed into the coil form). Strap wound coils need turn-to-turn insulation inserted between the
turns prior to the consolidation of the coils. Old coils typically used asbestos for this turn insulation.
Modern strap wound coil designs use a synthetic aromatic polyamide insulation (such as Nomex®'",'?),

" Nomex® is a registered trademark of E.I. du Pont de Nemours and Company or its affiliates.
'2 This information is given for the convenience of users of this standard and does not constitute an endorsement by the IEEE of these
products. Equivalent products may be used if they can be shown to lead to the same results.
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which has the thermal, mechanical, and electrical properties that are adequate for this application. Some
strap wound coil designs contain extended turns to improve the cooling. This configuration shall be
maintained. Since there are huge rotational mechanical forces acting on the coils, it is essential that they are
well-bonded into a monolithic structure. The groundwall material consists of insulation applied to the tops
and inside surfaces of the coils. The outside surfaces are bare, to provide cooling. Top and bottom
insulating washers (or collars) are supplied to give additional creepage insulation surfaces to ground.

On some generators, the rotor coils are designed to carry the current in one direction on one pole, and in the
other direction on the next pole. These are called open or crossed coils. On other generators, all the rotor
coils are wound in the same direction and special connections are installed on top of the rotor rim to carry
the current in one direction in one pole and in the other direction in the next pole.

The rewind materials should include the following: connecting material, top and bottom washers,
tightening materials, pole brace insulation, and tapered keys if applicable. If the design contains springs,
these should be re-qualified or replaced.

6.2.5 Collector rings

During a rewind of a salient-pole rotor, it is important to inspect and address any issues with the collector
ring insulation and the connecting straps or cables. Replacement or reinsulation may be necessary. The
brush rigging should also be inspected, cleaned, and re-treated. Related equipment should also be evaluated
during a salient-pole rotor rewind. For example, it may be desirable to replace variable-pressure brush
holders with constant-pressure brush holders.

In large machines, a helical groove is made in the collector ring to reduce the operating temperature. This
groove needs to have a small radius at the bottom to avoid sharp edges.

7. Writing the technical specification

7.1 General

A technical specification can take on many forms, from simple to complex. A good specification, however,
is one that has sufficient detail to enable the desired level of quality to be achieved, but not so extensive
that it encumbers the Vendor’s design effort. The Vendors generally have a specific design standard, which
usually provides the necessary level of quality and reliability that an Owner will want. However, during the
production of the components and the assembly, many things can go wrong. The technical specification is
used to clarify the design requirement aspects of the equipment and the steps necessary during
manufacture, to check and ensure that quality is built in throughout the manufacturing process, and can be
referred to for acceptance criteria upon completion. Another important aspect is to be sure the calculations
(mechanical, thermal, etc.) are well-performed before the proposal of a certain design by the Vendor, and
respond correctly to the specifications. The following annexes offer a description of the common
components found in a typical specification.

— Annex G contains two useful tables of information that are typically supplied by the Owner, or by
the Vendor.

— Annex H contains an extensive list of questions, which should be helpful in formulating the actual
scope of the project.

— Annex I is a typical specification for the stator rewind of a turbo-generator.

— Annex J is a typical specification for the rotor rewind of a turbo-generator.
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— Annex K is a typical specification for the stator rewind of a hydrogenerator.

— Annex L is a typical specification for the rotor rewind of a salient-pole hydrogenerator.

The tables and the sample specifications in the annexes are included for illustration only and are not an
official part of the guide.

7.2 Objective

A typical specification begins with an objective, which is a clear statement of the Owner’s intent. Does the
Owner want a rewind in kind, or does the Owner want improvements? The plans for future operation
should be clearly stated here.

7.3 Project description

The project description is a written document that should give the potential Vendor a verbal picture of the
project, along with a description and location of the plant site. The expected outage schedule should be
defined and any other planned work identified, so that rules of shared equipment (such as cranes) are
clearly understood. The generator’s nameplate information is provided, along with a brief history of its
maintenance and operation. Any manufacturer’s bulletins or advisements should be identified, along with
their status (whether or not they have been adopted). The unit history should particularly include
commissioning and performance test results where available. An opportunity to read operational data such
as temperatures and loads should be considered to minimize performance prediction risks. If there is an
opportunity to pre-measure the generator, the contact personnel and time period can be provided here. The
bid contact personnel and the bid return dates should be included also in the project description.

7.4 Definitions

A section on definitions is important to identify the terms that are used in the specification. Reference to
industry standards can be included here, but care should be used so that they do not conflict with other
requirements set forth in the specification. For example, if the Owner references IEEE Std C50.13, and then
adds certain design requirements, thermal limits, or monitoring necessities, there then needs to be a clear
statement showing an exception has been taken to the referenced standard.

7.5 Scope

In the scope, it is necessary for the Owner to clearly define the work scope as well as the technical
requirements. The Owner should decide on how much design detail, if any, is to be contained in the
specification. One option is to prepare a purely functional specification (or performance specification). In
this case the writer focuses on the machine output and the operating conditions. Another approach is to
specify certain design features, or processing methods. The danger in this approach is that it may place
unnecessary responsibility on the Owner, and might preclude design features that would be better for the
application. Unless the Owner has generator design experience, it may advisable to have the prospective
Bidders specify the details of their design, and materials. However, even the performance specification
should identify any known design weakness, and a request for the Vendor’s design solution.

The Owner should require enough detail in the Bidder’s proposal so that it is clearly understood by both
parties what is and is not included in the bid. For example, core and frame cleaning is something that has to
be done on almost every rewind. The frame cleaning may necessitate the removal of stator hydrogen or air
coolers. But the extent of required cleaning will vary by generator. The scope of work can require the
Bidder to include the estimated hours for core cleaning in their base price, and an hourly rate for any
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extraordinary work. The scope can also require the Bidder to include an evaluation for core tightness, and
an hourly rate for tightening the core, if necessary.

The scope should require that the Vendor have a good quality program and be required to present it in
detail. The program should include material tests and installation inspections performed to meet their
quality requirements. Some tests, such as the accelerated endurance tests, may be waived to save time and
money, if the Vendor can produce acceptable test records from similarly sized windings for an identical
insulation system.

The scope should require the Vendor to provide the Material Safety Data Sheets (MSDS) for all materials
used on site for a rewind. Any excess material brought in by the Vendor should be removed by the Vendor
at completion of the rewind.

The addition of monitoring devices should be included in the scope. Thermal sensors [such as resistance
temperature detectors (RTDs) and thermocouples (TCs)], and vibration sensors are not always part of the
standard material requirements. For example, on direct-cooled coils, IEEE Std C50.13 does not require the
manufacturer to install embedded temperature detectors (RTDs or TCs) in the stator slots. Instead, it only
stipulates temperature detectors at the coolant discharge. Therefore, if the Owner of a turbo-generator
wants temperature detectors embedded in the stator slot, they should be specified here in the scope.

7.6 Work conditions

This part of the specification should address issues such as site access, storage of materials, lay-down
space, local labor agreements, safety practices, environmental requirements, housekeeping, and facilities
(offices, lunchrooms, toilets etc.) Information on the site utilities should also be provided to the Bidders.
This includes the ampacity of local voltage service, lifting requirements, crane limitations, capacity of
house compressed air and house service water, and the connector types and sizes. In addition to the work
conditions just mentioned, any hazardous materials should be identified, and methods of abatement and/or
personnel protection required should be identified. Quality standards for assessing site conditions (ISO or
others) should also be included here.

7.7 Foreign material exclusion

Foreign material exclusion (FME) is a set of procedures intended to minimize the possibility of intrusion
into the machine of foreign material before, during, and after the inspection. In principle, the definition of
foreign material is anything not normally present during the operation of the generator that may adversely
affect its constituent components if left there. It is important not to inadvertently contaminate the generator
with such things as water, corrosive liquids, and personal items like pens, keys, flashlights, and other
metallic objects. Sometimes these materials can be introduced by walking on them and then walking into
the machine. Therefore, in situations where stringent FME rules are applied, paper or rubber booties are
worn over the shoes to minimize this risk as well as protect the surfaces walked on in the machine. A lack
of adequate access control can be the cause of serious damage to the stator or rotor of a large generator—in
particular, the stator winding. Thus, it is critical to account for all tools and parts coming in and out of a
generator during an outage.

A good FME program will include clearly-written procedures addressing all aspects of training and
implementation. Responsibilities should be clearly defined, as well as contingencies for the loss of FME
control. A typical FME procedure may include FME signs, FME zones, appropriate clothing, tool control,
and spare parts controls.
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