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Abstract: The application of tertiary and stabilizing windings in liquid-immersed power
transformers, as covered by IEEE Std C57.12.00™, as well as recommendations to evaluate the
need or convenience of having such windings, are addressed in this guide. The primary
application of this guide is for transformers and autotransformers with wye-wye-connected
windings, with or without a delta-connected tertiary or stabilizing winding. Tertiary windings in
conventional delta-wye and delta-delta—connected transformers are not addressed by this guide.
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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 Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be
obtained on request from IEEE or viewed at http://standards.ieee.org/[PR/disclaimers.html.

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-use, :re
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Stan ards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards thr¢igh a
consensus development process, approved by the American National Standards Institute (“A’Si™), w.ich
brings together volunteers representing varied viewpoints and interests to achieve the fiial p.=duct.
Volunteers are not necessarily members of the Institute and participate without compensation frc n IEEE.
While IEEE administers the process and establishes rules to promote fairness in the consens 1s development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of *he 1. rmation or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material ¢ ntan =d in its standards, and
expressly disclaims all warranties (express, implied and statutory) not inclu ted in this or any other
document relating to the standard, including, but not limited to, the var anties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effec.” vencss, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions rel ting to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITIT AL L + AULTS.”

Use of an IEEE standard is wholly voluntary. The existe'ice of aa IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, ma«ke’, 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 thrcugh«developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards a a‘iabt’e, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any persoi. or cuuty nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. An - person utilizing any IEEE Standards document, should rely upon his
or her own independent judgr=ent .~ 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.

IN NO EVENT SH: "L 1 :EE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR (UNSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREME:NT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINELS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER ' IN" CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
"JFECN ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
RUGARVDLESS 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, regardicss ¢
membership affiliation with IEEE. However, IEEE does not provide consulting information or.adv.-e
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in *he form ~f a
proposed change of text, together with appropriate supporting comments. Since IEEE standarc. rep.»s.nt a
consensus of concerned interests, it is important that any responses to comments and questions al.n receive
the concurrence of a balance of interests. For this reason, IEEE and the members of .‘s societies and
Standards Coordinating Committees are not able to provide an instant response to comu.:2n‘s or questions
except in those cases where the matter has previously been addressed. For the same re.son, 1 ZEE does not
respond to interpretation requests. Any person who would like to participate in 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 and 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 ~rc 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.

Copyrights

IEEE draft and approved.{tan.>2s are copyrighted by IEEE under U.S. and international copyright laws.
They are made availabl= by TEEE 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 ¢. zineering practices and methods. By making these documents available for use and
adoption by puclic authcrities and private users, IEEE does not waive any rights in copyright to the
documeris.

Phoi»copies

Suhiect (0 payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
hotucopy 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 amend=d
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA _Websio. ac
http://ieeexplore.ieee.org/ or contact IEEE at the address listed previously. For more informat.~n a.ou’ the
IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at http://standara. icee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website ¢ the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged i check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this ~tarlard may require use of subject matter
covered by patent rights. By publication of this standard, no ; »sit.an is taken by the IEEE with respect to
the existence or validity of any patent rights in connectic n therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter ~f ‘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. urwillirg to grant licenses under patent rights without
compensation or under reasonable rates, with re.svble terms and conditions that are demonstrably free of
any unfair discrimination to applicants desi;ing .o obtain such licenses.

Essential Patent Claims may exist for vhicu a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Pateat Claims for which a license may be required, for conducting
inquiries into the legal validitvar scei e of Patents Claims, or determining whether any licensing terms or
conditions provided in connc ction with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonal's or .on-discriminatory. Users of this standard are expressly advised that
determination of the ».'dit, of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibi. ‘y. F irther information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C57.158-2017, IEEE Guide for the Application of Tertiary and Stabilizing
Windings in Power Transformers.

In all mature industries, as for instance the electric power supply industry, there is always a knowledge that
is commonly applied, even though its fundamentals have not been summarized in a single, comprehensive
source. In most cases, impact of such “missing links” is very minor, and more important issues become
privileged for development into standards, as resources are naturally scarce.

This document deals with the subject of application of stabilizing windings in modern electric owc:
systems, where some issues with wye-wye-connected transformers emerging in the early days were.sol\>d
with practical sense by adding extra components in transformers, without an exact account of all rea. ana
potential benefits.

Part of the fundamentals for those applications is a tacit, empirical knowledge, with arbitrai 7 interpretations
of successful or unsuccessful events giving rise to a series of “rules,” from which very i1 ‘erent versions
are implemented.

The purpose of this document is, first, to synthesize the fundamentals for (< ntei. vorary application of a
technical solution, and second, to review and present to the industry a more ¢ ozaized set of application
rules and recommendations.

The IEEE working group that developed this application guide sta’ ted wo.king as a task force in 2009, and
originally developed a proposed new subclause 5.11.1.2 for IEEE “td ' C57.12.00™-2014. The purpose of
that specific subclause was to standardize interpretation for the yower and/or thermal rating required for
stabilizing windings, also known as buried tertiaries.

In this document, a wider scope is offered, including power systems application concepts, zero-sequence
currents, nonlinear magnetization of ferromagnetic cores, a more repeatable and user-friendly definition for
the kVA rating of the stabilizing winding, soi1c.concepts to support correct application of short-circuit
withstand requirements, and many practical rec ymendations to improve specification, design, testing, and
application of stabilizing and tertiary win {irgs

An important driver for this work ha: beun the view that our industry constantly faces new challenges that
not only require new solutions. buv*h.t frequently can be solved with just a better understanding about the
capabilities of existing elem :n*s. Trial and error is an expensive way to solve problems affecting an
industry, especially in one ‘whe. 2. suructural components are expected to last from two to five decades.

Examples of new< chali>nges for which proper assessment and solution might require a more
understandable defini>i of stabilizing winding capabilities are the impact of geomagnetic induced
currents on treiis mission wansformers, and the potential development of transient or temporary operation of
transmission . mks vith just two, instead of three, lines. Under such conditions, heavy circulating currents
can be prouiced in the stabilizing and tertiary windings. Economy, of course, is a permanent driver to
constatly question and better evaluate needs for “auxiliary” elements, and basic principles of systems
relinbiliy tend to favor the simpler solutions.

8
Copyright © 2018 IEEE. All rights reserved.



https://www.stdhive.com/standards/ieee-c57158-2017-pdf/

Contents

L. OVETVIEW ...ttt ettt eb et ettt bbbt bt et e et et e bt sh e bt e bt ea b et et e s bt sa e e bt ebeeut et ennenee 11
I 103 o 1< PP SSS 11
LL2 PUIPOSE ..ttt ettt ettt ettt bt ettt bt e b e e bt e bt e e bt e e bt e e b et e bt e e bt e e bt e e baeenbee e bbeenbaeenne 11

2. NOTMALIVE TEIETEIICES. ...t eeuteeteeie et etie et et et e te et e st e e ste et e e be e et emeesaeeeseesae e st anseenseeneesseesseeseenseenneeneennes 11

3 DETINTTIONS .ttt ettt ettt et e a e ea e eb e s bt e bt e bt eabe s st e sheenb e e bt enteea bt ebteebeenbe e beenbeeaee s 12

4. TIETOAUCTION ...ttt ettt b e b et e e et satesaeesbeenae e bt enteenteebeenbeenbeebeenseemne e eae '3
4.1 Wye-wye-connected tranSfOrMeTrs ..........ceeieieriireii ettt e s 15
4.2 Application of stabilizing windings, from the perspective of power system design and o0} ration . 15
4.3 Application of stabilizing windings from perspective of transformers performance........................ 16

5. Function of the stabilizing and tertiary Windings ............ceccveeurerirrieriienieneerieeeeseesresee et eveeeaeeeeeeeees 17
5.1 How stabilizing windings fUnCLION ............ccuerierieriieiieiieeeereeie ettt ssteee s eesnnes besneeseeneenns 17
5.2 When is a stabilizing winding required?............cccvererreriieriierieeeie et e e e ereseeesaeenseeeeens 29
5.3 Sizing a stabilizing WINAING.........cceecveriiriirieiiereee e esees D s e eee et see e eeene 30
5.4 Short-circuit and continuous rating of tertiary Windings ............ccecceeverveeesls i 36

6. Application of stabilizing and tertiary Windings...........cecceereeruirirrienecd it 38
6.1 Network interconnection transformers and autotransformers ....... ...ooc..cooeeeeienereneneneeeeeeee 38
6.2 Primary substation power transformers ............c.cccoeeicencitnens ettt ettt st et sae e ene 44
6.3 Wind farm collector transformers (three phase) ............iveieii i 44
6.4 Grounding of wye-wye transformers’ NEULralS...........oocciih toiiiiieiieieeeeee e 45
6.5 Some special practice from ULIIITIES ......eecverieriieriies e eerteeiieie et se et sre e e eaeseeesseesseesseenseens 46

7. Behavior of transformers with stabilizing or tert ary winding under short circuit............ccoeevveeveevernenen. 46
7.1 SROTE-CITCUIE CUITEIIES ...ttt es 20t ettt ettt sttt et be st besb e bttt nae st sbesae bt et e e 46
7.2 SROTE-CITCUIL STIESSES ...vvvenvetirerteeti et ettt ettt et ettt ebt et et ettt s b sbeebe et et ente st e bt sbeebe et esaenee 48
7.3 Calculation of short-circuit currents for line-to-ground faults...........ccoccevvienieniiiieie e, 49
7.4 Short-circuit current calculation rep.=t.or a wye-wye-delta transformer .............ccoccoeeeveeniennenn. 54
7.5 Consequences from specifying hig» short-circuit power for MV networks ..........ccoccevoivineninn. 54
7.6 Paralleling of transformers «>d wtotransformers with and without tertiary or stabilizing windings 56
7.7 Application of current iim.ting reactors on stabilizing and tertiary windings ...........ccccceeeeeeevencennnne 57

8. Behavior under transient »nd continuous unbalanced conditions on main windings ............ccccceeeeeeeeenee. 58
8.1 Behavior und>- tras Sient CONAItIONS .....c..evueruiriiieieieriesteeteet ettt st 58
8.2 Currents and vo.‘2ges on wye-wye-connected transformers and autotransformers, subjected to
UNDALANCEA TUAAS. ¢ttt b et b ettt s bt be s bt b e bt e st et e e besb e ebeebe bt et et enee 59
8.3 Bihav, v ot ‘ransformers and autotransformers without stabilizing or tertiary winding.................... 59

9. Rechommenuations for specification and testing, and general considerations for design..........c...cecue.... 60
2.1 L oecification of tertiary and stabilizing Windings...........cccecveruieriieriierieeiieniesiereese e seesee e eeeees 60
0.2 1. StiNg Of tertiary WINAINES ....ecveevieiieiieiieet ettt ettt ettt et esteesbeesbeeteetesmeesaeesneenseeneeans 65
6.3 Testing of stabilizing WINAINES .....eeveeiieieitieiiee ettt sttt et et see st e sneeneeeneeens 66
9.4 Selection of stabilizing winding vOItage rating ...........cccceveeriereeieieriereee e 69

Annex A (informative) BiblIOGIaphy ......c..coviiiiiiiiiiiiiie e e 70

Annex B (informative) Symmetrical COMPONENLS .........cc.eiiiiririeieieiere sttt es 73
BT INtrOQUCLION ...ttt ettt st b e et e st e e et e st e e bt eaeebeemeense s e beebesaeeneeneeneeneensenes 73

9

Copyright © 2018 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-c57158-2017-pdf/

B2 BACKZIOUNA ...ttt ettt ettt e et e b e bt bt ebeeneen e e et e besbeebeeneeneeneensenes 73
Annex C (informative) Transformer equivalent circuits and models ..........ccoceevvieviieciiecienienieneeie e 76

Annex D (informative) Short answers to frequently asked questions on stabilizing windings for wye-wye
ELANSTOTITIETS ...ttt h ettt b e bt e bt e a e es et et e b e sb e bt ebeestemt e s e benbeabesbeebeeneennentens 77

Annex E (informative) Example of a nameplate diagram ............ccocvevuieiieioiiiienienieceieeee e 78

10
Copyright © 2018 IEEE. All rights reserved.



IEEE Guide for the Application of
Tertiary and Stabilizing Windings
in Power Transformers

1. Overview

1.1 Scope

This guide addresses the application of tertiary and stabilizing windings in liquid-immersed power
transformers, as covered by IEEE Std C57.12.00, as well as recommendations to evaluate the need or
convenience of having such windings. The primary application of this guide is for transformers and
autotransformers with wye-wye-connected windings, with or without a delta-connected tertiary or
stabilizing winding. The guide does not address tertiary windings in conventional delta-wye, or delta-delta-
connected transformers.

1.2 Purpose

This guide provides users with a conceptual framework and recommendations for the specification,
application, and performance evaluation of tertiary and stabilizing windings.

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.

IEEE Std C57.12.00™, IEEE Standard for General Requirements for Liquid-Immersed Distribution,
Power, and Regulating Transformers. "2

IEEE Std C57.12.70™, 1IEEE Standard for Standard Terminal Markings and Connections for Distribution
and Power Transformers.

! The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers,
Incorporated.
2 IEEE publications are available from the Institute of Electrical and Electronics Engineers (http:/standards.ieee.org/).
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