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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 standar¢ = 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 compei.=2tion from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the cov.~ensu: 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) 2 .:ncluded 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=.~r 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 vhrer: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.ISS 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.ice
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.o0 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 corzmel ts or questions
except in those cases where the matter has previously been addressed. For the same rcason, i EEE does not
respond to interpretation requests. Any person who would like to participate 1. revisions 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 &.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, ar 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
1y 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» acthie 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. <o 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 = 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 validif; « 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 rva. 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 421.2-2014, IEEE Recommended Practice for Overvoltage and Insulation
Coordination of Transmission Systems at 1000 kV AC and Above.

This guide presents dynamic performance criteria, definitions, and test objectives for excitation control
systems as applied by electric utilities. It should be specifically noted that the term excitation control
system refers to the entire control system including the synchronous machine and power system as well as
the excitation system.

The Working Group on Excitation Control System Dynamic Performance of the Excitation Systen.: an.'
Controls Subcommittee of the Energy Development and Power Generation Committee adopted maay
definitions and performance criteria, which are common to all control systems, and derivad ¢ hers
specifically related to excitation control systems. In doing this, the material in IEEE Std “21... I':EE
Standard Definitions for Excitation Systems for Synchronous Machines and the now discontinuea 'EEE Std
100-1988, IEEE Standard Dictionary of Electrical and Electronics Terms (ANSI) was heav'ly used. Efforts
were made not to conflict with existing definitions and criteria, but to clarify, supplemcat nd more fully
define them as related specifically to excitation control systems. Definitions from thc-e stai dards, which
are reproduced in this standard, are included in Clause 3.

In preparing this guide, the working group recognized that both factory i sting and field testing of
excitation control systems and some of their components are cos*ly ¢nd often impractical. Alternator-
rectifier excitation systems in which the terminals of the exciter may .« "L~ available may preclude field
testing of the exciter separately. Compound source excitation sy.tems vhose power is derived from the
generator currents and voltages present special difficulties. Provic'ne 1 load which reasonably duplicates
the generator field characteristics, so that regulation effec.s aid proper waveforms can be adequately
simulated, may not be economically justifiable. Field tes*s on units under normal operating conditions are
constrained to comply with the operating and security *equ rements of the power system, which often
prohibit large excursions of the excitation control system variables. For many applications, it is necessary
to devise practical test procedures for individual components and then by analytical means, to verify the
total excitation system performance.

The need for models that accuratelv sirwl-.ce the operation of excitation control systems during system
disturbances demands effective test mcthod's {owever, the practical limitations on tests make it difficult to
measure the parameters required for moJ'els. One solution is the collection of more complete data during
system disturbances. Present insti.mc atation practices generally do not include the collection of data from
enough excitation control sys.er. variables to permit the data to be used for model refinement. Improving
the quantity and quality ¢ dca ~ollected during system disturbances may be the only practical way to
obtain the data required to . enificantly improve the accuracy of large signal models.

This revision incorpor. tes a general introduction to the dynamic performance classification section to aid
understanding “ond the ¢ fects of excitation limiters are introduced. Clarifications have been introduced
where technc'ogy advancements have changed approaches in modelling, such as the introduction of
integral cow‘rol .2rms whereby open-loop steady-state gain is considered infinite. Additional and improved
figurer have veen introduced and some typical parameters are shown. It is important to note that this
doeument is part of the IEEE 421 series of guides on the various aspects of excitation control systems for
s,nchro. ous generators and that the IEEE Excitation Systems and Controls Subcommittee has also
orouced a tutorial on Power System Stabilization via Excitation Control which provides substantial
suzplemental material.

viii
Copyright © 2014 IEEE. All rights reserved.



https://www.stdhive.com/standards/ieee-4212-2014-pdf/

Contents

L S COPIE ettt ettt ettt a e st e eea bt e s bt e ea bt e s bt e e at e e s bt e eateesabeeeabeesabeeeateesabeeeaneenn 1
2. NOTMAIVE TEIETENCES . ....c.vevieitiititi sttt ettt sttt b ettt st be st ebt et et et st e besaeebe et ennen 2
3. DEIINITIONS ...ttt ettt et b e bt e b e bt e st et et e e bt bt bt e bt e bt et et e b nheebeebe bt et ens 2
4. Dynamic performance ClasSTfICAtION ........cccvieieuieriiieiiieeiiecieeeiee st e et e steeeteesbeeebeessbaeenseesnseeesseesnseesnseess 4
L B O )< v 1 | OO OO SUSR PR PRR PR 4
4.2 Large signal PerfOIMANCE .......c.eeviieiiieeiieeieeeit e st et ste et e steesiaeesaeesebeesssaessseessseessseessseensseessseenses 4
4.3 Small sigNal PETTOIMANCE ....c..eetiiiiiiiiiiie ettt sttt et b e b et eae e saeenaee 5
4.4 Effects of eXCItation HIMITETS. .. cc.eeruiiiiiiiiietiett ettt ettt sttt ettt ettt e 5
5. Large signal performance CIILETIA  ......coueiruiiiiiiiriieie ettt ettt ettt sttt et sbeesbe et eteeneeseeenee 6
ST GENETAL ..ttt h ettt b e bbbttt et be bbbt enten 6
5.2 COIING CUITENE ....eeuviiiieiieeiieie et et eete et estee st etessaesseessee st esseesseeseessseseenseessesnsesssesseasssanseenseensesssensaensenn 6
5.3 CRIlING VOILAZE....eeuveeieeiieriieie ettt ettt ettt st st e st e steeste e st e esaessaesseenseensesnsesnsesseasseenseenseensenssensaensenn 7
5.4 Excitation system VOItage reSPONSE tINIC ......eeveeuvereeriiereieieeieeiteeieesteesseeseeseseesseesseesseenseensesssensaensens 7
5.5 High initial reSponse (HIR) .......cccuiiiiiieiieiieiece ettt st s e st ese s ensessaensaenseas 8
5.6 Excitation syStem NOMINAL TESPOMNSE......ccueeruierrereereeriertieteeteeitesseesseesseesesseseesseesseesseenseessesssesseensens 8
5.7 Large signal dyNamiC T@SPONSE. .....ccuuierureerrieeriieeireestteeteeesteeeteeesseesseeeseesseeaseessseesssessnsesessessssesessess 9
6. Small signal PerformanCe CIILETIA .. ...coueiruiiiiiiiriieie ettt ettt sttt et sbe et e b et eeeesaeenee 9
0.1 GOINEGTAL ...ttt ettt et e a e b e b e bt et e a e at e bt e bt et en et eat e bt e nbeenbean 9
6.2 Small signal dyNamiC IESPONSE. .....ccuutrtiertieiiiiiete sttt ettt ettt et et et eetesaeesbeenbe e bt eneeeaeesbeenbeenbean 9
6.3 Frequency response characteristic (1iN€ar SYSTEIM).......ccveeruerrriieriiieiiieeiiesieeereeereesreesveesereesveeneeeas 10
6.4 Complex frequency domain (S PLANE) ........cccueruieriieiieiieeie ettt ssee s e 12
6.5 Small signal performance INAICES ...........ccuerierierieieeite ettt ettt be e e e s e saesseesneesseenseenes 15
7. Excitation control system effects on power system Stability ..........ccoecverierieriniieicie e 17
7.1 Types of synchronous maching 0SCILAtiONS ...........cceecveroieroierierieii e 18
7.2 Application of pOWer SYStemM StADIlIZEIS ........ccueervieriirieiieeieriee ettt re e seeseeesaee s enes 21
8. Large signal performance tEStING.........cuerieruirrieriieiieriesit et et eteetesttesteesteebeeaesseesneesseeseenseenseessessnenseens 25
8L GOINGTAL ...ttt sttt et et e a e bbbt e ettt sae e ehee bt et enee 25
8.2 FACKOTY TESTIINIZ 1uvveeveeetieeiieeiteeetteeteeeteeeteeesteesteeesseesateeasseesssaeassaesssaeasseessseesssaesnsaensseesnseenssesssseenssenn 25
8.3 Field testing
8.4 Fault testing
8.5 POWer SYStEM QiSTUIDANCES .....eeeuiiiiiieciie ettt este e sebe e st e e ssbeesebeessseesnseennseas 30
9. Small signal performance tESTINE ..........eerieriirieiieiieriere ettt ettt st e b nb et et eaeesaeenbeens 31
9.1 GENETAL ...ttt ettt b e bbbttt ettt b e sae bbbt et st benae e 31
9.2 Excitation control SYStem COMPONEINLS ..........ervierrierueerrerierresteeteeteeseasesssesseesseesseesesssesseesseesseenseenes 31
LB I 2 1S] L6 IR o] TSP 33
9.4 Field testing with power System StabiliZEIS ...........ccierveriieiierieiieie ettt ee e 35
9.5 Special considerations for digital SYStEIMS .........ccveruiriiiriieiierieii et 37
9.6 Testing reactive load sharing and line drop COMPENSAtION .......cc.eervieiieirrierienieieee e eee e ens 37
9.7 Testing power factor and var CONTIOIIETS ..........cocuieeiiiiiiiieeiie ettt e sereesaeeeeeees 38
Annex A (informative) BiblOGIaphy .........cocooiiiiiiiiii e 39

X
Copyright © 2014 IEEE. All rights reserved.



Annex B (informative) Basis underlying the concept of nominal reSponse ..........ccceeeveervveeriiencieenveenveennnen. 43
5 20 B 254 ] 34T 15 103 o USSP 43
B.2 Nomenclature for ANNEX B ......c.ooiiiiiiiie et 44

Annex C (informative) Frequency response characteristics of typical excitation control system elements .46

X
Copyright © 2014 IEEE. All rights reserved.



IEEE Guide for Identification, Testing,
and Evaluation of the Dynamic
Performance of Excitation Control
Systems

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. Scope

This guide includes criteria, definitions, and test objectives for evaluating the dynamic performance of
excitation control systems as applied by electric utilities. The term excitation control system (see Figure 1)
is used to distinguish the combined performance of the synchronous machine, power system, and excitation
system from that of the excitation system alone (see IEEE Std 421.1™). The primary purpose of this guide
is to provide a basis for evaluating the closed-loop performance of excitation control systems, including
synchronous machines, for both large and small signal disturbances. Confirming the adequacy of
mathematical models for excitation control systems for use in analytical studies of power systems,
identifying objectives for tests of excitation control systems and their components, and preparing excitation
system specifications and additional standards will also be addressed (see IEEE Std 421.3™, IEEE Std
421.4™ and IEEE Std 421.5™)). Portions of this guide will also serve as educational material for people
who are becoming familiar with excitation control systems. This guide is applicable to excitation systems
used on all sizes and types of synchronous machines including those in nuclear power facilities.

Traditionally, large signal performance (see 4.2) has been more closely associated with equipment
specification and acceptance testing, while small signal performance (see 4.3) has been more closely
associated with stability and model studies. Matching actual disturbance data with model simulations,
however, requires that both large and small signal performance criteria be considered during design,
specification, and acceptance testing.
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