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Abstract: The requirements in this standard are applied to 50 Hz and 60 Hz, two-pole and four-
pole, cylindrical-rotor synchronous generators driven by steam turbines and/or by combustion gas
turbines. The drive may be direct or through a gearbox or other device that permits different
speeds for the turbine and the generator. The generators covered by this standard are to have
rated outputs of 10 MVA and above.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-vse, . e
developed within IEEE Societies and the Standards Coordinating Committees of the IEFE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standarc = thihuch a
consensus development process, approved by the American National Standards Institute (“ANS.”), which
brings together volunteers representing varied viewpoints and interests to achieve th: final product.
Volunteers are not necessarily members of the Institute and participate without compe..=2tion from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the coi.~ensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any 0. the information or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the mateiial contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) o .imcluded in this or any other
document relating to the standard, including, but not limited to, th'e warrcaties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, « ffec.iveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditio. s re.~ting to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WI7Tii AL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existenic=.~ 1 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. th: vie'7point expressed at the time a standard is approved
and issued is subject to change brought abont v e zh developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards ava.izole, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any persn o. entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another A.:7 serson utilizing any IEEE Standards document, should rely upon his
or her own independent jud, m.nt in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the adwvice ¢« competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHAL. 1EEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR COUNSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUKEM.NT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSIN.SS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTI'ERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UXON +~NY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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Official Statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on Standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regard!=ss « f
membership affiliation with IEEE. However, IEEE does not provide consulting information or ad.‘ce
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the fort. of
proposed change of text, together with appropriate supporting comments. Since IEEE standar.'s rep.vesent a
consensus of concerned interests, it is important that any responses to comments and questions a.zo receive
the concurrence of a balance of interests. For this reason, IEEE and the members of ts societies and
Standards Coordinating Committees are not able to provide an instant response to corzmei ts or questions
except in those cases where the matter has previously been addressed. For the same rcason, 1 EEE does not
respond to interpretation requests. Any person who would like to participate 1. reviions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws & Regulations

Users of IEEE Standards documents should conslt all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards docume i¢.a»es not imply compliance to any applicable regulatory
requirements. Implementers of the standara cre responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, sy %.ie publication of its standards, intend to urge action that is not
in compliance with applicable laws, ard ti. >se-documents may not be construed as doing so.

Copyright

IEEE draft and approved:: tanu.=as are copyrighted by IEEE under U.S. and international copyright laws.
They are made availak'~ by 'EEE and are adopted for a wide variety of both public and private uses. These
include both use, by efer. nce, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of e. =ineering practices and methods. By making these documents available for use and
adoption by ruc'ic authcrities and private users, IEEE does not waive any rights in copyright to the
documeris.

Photo ~opies

Suciect 1> payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
L hotocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.
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Updating of IEEE Standards Documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amcaded
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA website at
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previous!y. “or 1 ore
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-S  we. e at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA weksi» ac‘hie following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to chec< this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of \his s*andard may require use of subject matter
covered by patent rights. By publication of this standard. =2 pusition is taken by the IEEE with respect to
the existence or validity of any patent rights in connecticn thqrewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter 1. Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or mn villing to grant licenses under patent rights without
compensation or under reasonable rates, witli =eaonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desir1..g to obtain such licenses.

Essential Patent Claims may exist fir which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essertial Patent Claims for which a license may be required, for conducting
inquiries into the legal validit; ¢ scope of Patents Claims, or determining whether any licensing terms or
conditions provided in conne~tion with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonab:> or non-discriminatory. Users of this standard are expressly advised that
determination of the «va. dity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibil, v. F irther information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C50.13™-2014, IEEE Standard for Cylindrical-Rotor 50 Hz and 60 Hz
Synchronous Generators Rated 10 MVA and Above.

This introduction provides some background on the rationale used to develop this standard. This
information is meant to aid in the understanding and usage of this standard.

From the early 1990s until the date of issue of this standard, three different working groups of the Electrical
Machinery Committee (EMC) of the IEEE Power Engineering Society have carefully pursuedthe
modernization of the ANSI C50 standards for large steam and combustion turbine-generators. Throu thou*
the mid-1990s the first working group (IEEE PES EMC Task Force on Standards Harmonizaticn)
compared American National Standards Institute (ANSI) standards for several different types of elec.=icat
machines with corresponding International Electrotechnical Commission (IEC) standards. In t,  law. 1990s
members of the EMC Task Force published several summaries of their work (Bartheld [B1]; Cott [B5];
Kaminski [B16]; Nippes [B20]; Woods [B21]).?

In association with that general initiative by the Electric Machinery Committee (EMC) '» con »are different
standards for electric machines, the EMC commissioned a second working grou, in 1998 to focus on
clarifying and modernizing the ANSI C50 series of standards for synchroi.n1s g nerators. That working
group included the following ANSI C50.1X standards in their scope:

a)  ANSI C50.10-1990, American National Standard for Rotating "I .ci:ical Machinery—Synchronous
Machines.®

b) ANSI C50.12-1982 (Reaff 1989), American Nat.»nai Stauuard Requirements for Salient-Pole
Synchronous Generators and Generator/Motors for HyJrauiic Turbine Applications.

¢) ANSI C50.13-1989, American National Standarc for Rotating Electrical Machinery—Cylindrical-
Rotor Synchronous Generators.

d) ANSI C50.14-1977, American Natioral Standard Requirements for Combustion Gas Turbine
Driven Cylindrical Rotor Synchronors (et ‘ators.

e) ANSI C50.15-1989, American N at‘onal Standard for Rotating Electrical Machinery—Hydrogen-
Cooled, Combustion-Gas-T rbi.»Driven, Cylindrical-Rotor ~ Synchronous  Generators—
Requirements.

That second EMC working g rorp veriodically reported their progress (Gott [B6], [B7]; McCown [B18]).
As was communicated in.{aesc napers, where it was possible for this group to agree to the appropriateness
of requirements recorded in the IEC 60034 standards [B8], [B9], those requirements were incorporated into
the revised IEEE C357 1X eries of standards.

As the most ‘warkable upproach to clarify and modernize the IEEE standards for cylindrical-rotor
synchronous . enet.tors this working group chose to consolidate the previously separate ANSI C50.10,
ANSI C50..3, ANSI C50.14, and ANSI C50.15 standards into one consolidated IEEE Std C50.13 standard.
This n odernized IEEE Std C50.13 was written to consolidate the previously separate ANSI C50.13, ANSI
C57.14, and ANSI C50.15 standards in their entire scope and to incorporate applicable parts of ANSI
C20.10. Nimilarly, the working group chose to modify ANSI C50.12 to become a consolidated standard for
large salient-pole generators and generator/motors for hydraulic turbine applications. All applicable parts of
A.SI C50.10 were incorporated into the modernized IEEE Std C50.12™. Also, wherever possible, the
modernized IEEE Std C50.12 and IEEE Std C50.13 were harmonized with each other.

* The numbers in brackets correspond to those of the bibliography in Annex A.
® ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor,
New York, NY 10036, USA (http://www.ansi.org/).
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The logic to consolidate ANSI C50.13, ANSI C50.14, and ANSI C50.15 into one standard was primarily
that ANSI C50.14 and ANSI C50.15 contained a significant amount of content that had been duplicated
from ANSI C50.13 solely to cover different applications of the same basic configuration of generators
covered by ANSI C50.13. Additionally, because some newer applications to which no C50 standards
directly pertained had occurred since the creation of the separate ANSI C50.14 and ANSI C50.15, the
working group had to choose between creating additional highly duplicated standards, or finding a way to
consolidate them. The decision to drop the general standard, ANSI C50.10, and to incorporate appropriate
parts of its content into IEEE Std C50.12 and IEEE Std C50.13 was made after an initial attempt to retain
and update ANSI C50.10. During that effort it was recognized that the content directly applicable to
IEEE Std C50.12 and IEEE Std C50.13, respectively, was not that great. It was also recognized that most
ultimate users of the generator standards would significantly benefit from having a single standard for each
of these two major types of machines. This approach would provide a better focus and alignment of the
standards to purchasers and manufacturers knowledgeable in each product affected by the standard. That
better focus and alignment would minimize the risk of conflict or ambiguity between the general and type-
specific standards, reduce the risk of missed requirements or ineffectively communicated requirements, and
also ease future maintenance of the standards.

A significant improvement to the 2005 issue of IEEE Std C50.13 was the addition of Annex B. The
specification of a large generator covered by IEEE Std C50.13 is a complex task. Unfortunately, it is not as
simple as specifying a single point power rating and also specifying IEEE Std C50.13. Annex B was
included to assist purchasers of generators covered by IEEE Std C50.13 to provide the necessary
requirements and data to the generator manufacturer that will ensure that a generator designed to meet the
specified requirements will meet the long-term needs of the purchaser without over specifying and adding
unnecessary cost. The core guidelines in Annex B are contained in Table B.1 through Table B.4. These
tables may be used as a checklist to show which party in the process typically originates each requirement.
These tables also provide some explanation as to the basis of many requirements that must be provided by
the purchaser and their potential impacts on the generator design.

In 2007, two years after the 2005 issue of the extensively modernized IEEE Std C50.13, the Electric
Machinery Committee convened a third working group to continue refining this standard to clarify its text
and, where appropriate, to adjust its content to accommodate recent revisions to the IEC 60034 standards.
This working group has periodically reported their progress (Chen et al. [B2], [B3]; Mayor et al. [B17]).
One major milestone was the successful reaffirmation of IEEE Std C50.13 in 2010. A second major
milestone is the 2014 release of the present version of this standard.

Members of the IEEE working group that have issued the present revision of IEEE Std C50.13 plan to
continue to refine this standard, with progressively closer association with IEC working groups that are
maintaining the IEC 60034 standards. Additionally, this IEEE working group plans to explore possible
ways to harmonize requirements specified by IEEE and IEC standards for synchronous generators with
conflicting requirements being independently specified by grid codes now being written by transmission
system operators around the world.

X
Copyright © 2014 IEEE. All rights reserved.



Contents

L. OVETVIEW ...ttt sttt ettt ettt st h e ettt st b e bbbt es et et e bt s h e e bt e bt eh e e st est et e st e e b e sbeebeeaeennennens 1
L BT oL OO OSSOSO STRTRPPPTOP 1
LL2 PUIPOSE .ottt ettt ettt ettt et e b e st e bt e s ab e e bt e et e e bt e e st e ettt e s et e ettt e sabeebbeesabeenateenabeenaes 1

2. NOTIALIVE TEIRIETICES . ...uveiutiiutiiiie ittt ettt ettt et et et et s et e sa e st e e bt e st e es b e et e e sbe e beembeemeeeseesaeesbeenbeeneeenteens 2

3 DIETINITIONS ..ttt ettt ettt s a et e bt e a e eat e s bt e b e e bt e bt e et e s et e s et e e bt et ent e ea et en e e bt e b e et enbeeeeesaeenee 3

4. Operational TEQUITEIMENLS ..........eeeveererieriteerriesteeeteesteeaseesseeeseesseeasseesseessseessseesssessssesssseesssesssseessseesssenns 4
4.1 Service conditions and SteadY-State AULY .......cccuverviieriiieriiieriie ettt ettt ste e e steesreesbeessseeseaeenenes 4
4.2 Transient event and emergency duty reqUITEMENTS........ccueerveerieerieerieerreereeestreesreesereesseeessneenseeenens 12
4.3 SEIVICE CNVITOMIMEGIE ....cutteutientieiieiiieetteeteete ettt te et e stee bt e bt estesatesaeesbee bt emteenteeueeebe e beenbeemsesseesaeenaeeneeenes 18

5. Rating and performance CharaCteriStICS........uiruririerrierieriiertieieeteetesteesttesteeteeaeseeseeesseeseenseensesssessnenseens 19
5.1 OULPUL TALINE . ...c.vieutieiieeee e eitestt et et eeteettestte st eeseesseensesssesseesseasseesseanseessesssenseeseensennsesnsesssesneenseensennes 19
BTN O o T o) 18 1TSS 20
5.3 Voltage and CUITENE TALINZS .........ecuieriieieeieeiertiesteesieeseeseesteseeesseesseenseessesssesseesseensesssesnsesssesseesseenseenes 21
5.4 Power factor and reactive pOWer Capability.........cccovveiiriiiiiienieiieii e 21
5.5 SROTE-CITCUIE TATIO ...ttt ettt ettt ettt et sb e bbb et e st et e st e bt saeebeebeessenaentenbeneeas 22
5.6 Transient and SUDIIANSIENt TEACTANCES . .......evuiertiertiiiiiii ittt ettt ettt et e et eseee s e saeesaee e enee 23
5.7 Total harmomnic dISTOTTION ......cevueertieitieiieiieet ettt ettt ettt et b et e ettt e saeesaeenbeenee 23

6. INSULALION SYSTEIMS ....eeuvieeiiieeieeitteestieeiteeetteetteettesteeeteeestaeesseeesseeesseesssaeanseesnsaeenseesnseeenseesnseessseesnsasenseesns 24
6.1 Insulation SyStemMS AefINEd.........cceeeiiieiiiiiiecie et st e b e e e e s nbe e neees 24
6.2 Classes Of INSULIAtION SYSTEIMS. .....uviiruieeriieeiieetieeiteeeteesteeeteeeteeebeessseessseessseessseesnseessseesssaensseessseensses 25
6.3 The use of different classes of INSUlAtION SYSEEIMS .....cvevviiiiriieiieiieie e e 26

7. Temperatures and teMPErature LMILS .........ccceecveiiieiiierierierie ettt see st ae e seeseeesseesseenseenseensessaenseens 27
7.1 TemMPErature IIMILS........c.eicveriereiesti et ettt te et e st e st et e st eseeesteeseeessesseenseenseensesnsesseesneenseenseenns 27
7.2 Methods of temperature determination.............eecvvereerereierieniereerieete e see st esree e esesaesseesneesseeseenes 30
7.3 Locations of embedded temperature deteCtOrS........cuvrvvirierierieieeie et 31
7.4 Location of coolant temperature detECIOTS. ... ....eiuieriiriierieiierieie ettt eeseeeseee s e 31

LI S S 1o <) 1 o USRS 31
Bl IMIEEROAS ...ttt ettt ettt ettt et e h e e b e bt e b e et ettt s ae e eaee bt et enee 31
8.2 Reference CONAILIONS ......couiiiuiiitieiieii ettt ettt sttt et et b e b e bt et et satesaeesaeenaeebeenee 31
8.3 TYPES OF 10SSES. . eieiieitieeiie ettt ettt et et e et e et e steeebeesbeeenbeesabeessbeesssaeasseesnseesssaesnsaessseesssaensseensseenssens 32
8.4 TeSt tOICrANCE ON LOSSES .....eevietieniieiieiieetie ettt ettt ettt et e at e eb e bt e b e et e et saeesaeesaeenaeeaeenee 33

0. TSES ettt ettt ettt ettt ettt h e b ettt ettt h e bt e bttt e a bt ea et eh e e eh e e bt e bt e et e ee et ehe e ehee bt e bt e bt en bt eneeeneenbeens 34
9.1 Categories and SCOPE OF tESES .....ueruieriieiieieeiertierieete et ete st et et et et e e e st e teesseesbeensesnsesseesneesseenseenes 34
9.2 Test procedural TEQUITCIMENLS. .....cc.ierviereeereetiertiesteesteesteseeseesseesseenseenseeseesssesseesseesesssesnsesssesseesseenseenes 35
9.3 Heat XChanger tESTINZ. .. ..veiieriietieti et eie et te it te ettt e st e st e et et e esteesaeesaesseesseenseensesnsesseesneesseenseenes 37
9.4 Testing high-voltage terminal BUShINGS.........cccveiieiiiiiiie e 37
0.5 OVEISPEEA LESTING ...euvereierereeiieriietieteeteeeteettestteseesessesaaesseesseesseenseanseassesssenseeseansennsesnsesssesseesseenseenes 37
9.6 Sudden ShOTt-CITCUIL tESTINE .......vertieeieieeeieeiieeitesieeeete st et e sttt e et e esaessaesseesseesseensesnsesseesneesseenseenes 38

L. EATKIIIE -ttt ettt st h e bt et et eb e e bt e b e e bt et e embesetesbeesbe e beenteenteeneeeneen 38
TO.T NAMEPIALE .....vieeeeeiieetie ettt erte et e e tte et e e tee e baeetee e baeesseesssaeesseeassaeanseeenseeenseesnsaeenseesnseeenseeenses 38
10.2 Information about other output CaPabIILIES ......ccuveeriiierieeiiieiie et eee e e e 39

X
Copyright © 2014 IEEE. All rights reserved.



Annex A (informative) BiblIOZraphy ........cooeoiiiiiiiiiiiie et et 40

Annex B (informative) Guide for the basic specification of Zenerators ..........ccceeeveereiiervieenciienieeniienieeenenn 42
BT TTOAUCTION. ...ttt ettt sttt b ettt et e bt e e bt e b e et e e b e saeeseeenaeebeenee 42
B.2 SOUICES Of TEQUITCIMENLS .....ceuvieieeeieeeieeiieie et et et et et et et e e e saeesseesseesseensesssesseeseenseensesnsesneesseenseenes 42
B.3 Expanded discussions of selected reqUIr€ments. ...........ccvevveeeierierienieniieieeieeieseee e see e 48

Xi
Copyright © 2014 IEEE. All rights reserved.






IEEE Standard for Cylindrical-Rotor
50 Hz and 60 Hz Synchronous Generators
Rated 10 MVA and Above

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http:/standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scope

The requirements in this standard apply to all 50 Hz and 60 Hz, two-pole and four-pole, cylindrical-rotor
synchronous generators driven by steam turbines and/or by combustion gas turbines. The drive may be
direct or through a gearbox or other device that permits different speeds for the turbine and the generator.

The generators covered by this standard are to have rated outputs of 10 MVA and above. Cylindrical-rotor,
two-pole and four-pole generators below this rating are generally covered by NEMA MG 1 [B19].!

1.2 Purpose

The purpose of this standard is to establish a base set of accepted requirements for 50 Hz and 60 Hz
cylindrical-rotor electrical generators above 10 MVA driven by steam turbines or combustion turbines that
can be used in the specification of a new generator. It is also intended that the standard provides guidance

!The numbers in brackets correspond to those of the bibliography in Annex A.
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